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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Vessel Committee was superseded by the following committees: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.

xii
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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.

xiii
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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.

xiv
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D. S. Griffin, Contributing Member
X. Li, Contributing Member
W. O’Donnell, Sr., Contributing
Member

L. Shi, Contributing Member
R. W. Swindeman, Contributing
Member

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

M. E. Cohen, Chair
M. C. Albert
M. Arcaro
R. W. Barnes
N. Broom
R. Christensen
V. Chugh
W. Corwin
G. C. Deleanu
R. A. Fleming
K. Harris
R. I. Jetter
Y. W. Kim

G. H. Koo
N. J. McTiernan
T. Nguyen
K. J. Noel
T.-L. Sham
B. Song
X. Wei
G. L. Zeng
T. Asayama, Contributing Member
X. Li, Contributing Member
L. Shi, Contributing Member
G. Wu, Contributing Member

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

R. Wright, Chair
R. Bass, Secretary
M. C. Albert
R. W. Barnes
F. W. Brust
Z. Feng
S. Lawler
X. Lou

M. McMurtrey
M. C. Messner
T. Patterson
E. C. Renaud
D. Rudland
T.-L. Sham
I. J. Van Rooyen
X. Wei

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

R. Wright, Chair
M. McMurtrey, Secretary
R. Bass
K. Kimura
D. Maitra
R. J. McReynolds
M. C. Messner
J. C. Poehler

W. Ren
T.-L. Sham
Y. Wang
X. Wei
M. Yoo, Alternate
R. W. Swindeman, Contributing
Member
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Working Group on Analysis Methods (SG-HTR) (BPV III)

M. C. Messner, Chair
H. Mahajan, Secretary
R. W. Barnes
J. A. Blanco
P. Carter
W. T. Jessup
R. I. Jetter
G. H. Koo
H. Qian
T. Riordan

T.-L. Sham
X. Wei
S. X. Xu
J. Young
M. R. Breach, Contributing Member
T. Hassan, Contributing Member
S. Krishnamurthy, Contributing
Member

M. J. Swindeman, Contributing
Member

Working Group on Creep-Fatigue and Negligible Creep
(SG-HTR) (BPV III)

Y. Wang, Chair
M. Ando
P. Carter
M. E. Cohen
J. I. Duo
R. I. Jetter
G. H. Koo
H. Mahajan
M. McMurtrey

M. C. Messner
T. Nguyen
J. C. Poehler
H. Qian
R. Rajasekaran
T.-L. Sham
X. Wei
J. Young
M. Yoo, Alternate

Working Group on High Temperature Flaw Evaluation
(SG-HTR) (BPV III)

C. J. Sallaberry, Chair
F. W. Brust
P. Carter
S. Kalyanam
B.-L. Lyow
M. C. Messner
J. C. Poehler

H. Qian
D. A. Scarth
D. J. Shim
A. Udyawar
X. Wei
S. X. Xu
M. Yoo, Alternate

Working Group on Nonmetallic Design and Materials
(SG-HTR) (BPV III)

W. Windes, Chair
W. J. Geringer, Vice Chair
J. Potgieter, Secretary
G. Beirnaert
C. Chen
A. N. Chereskin
V. Chugh
C. Contescu
N. Gallego
S. T. Gonczy
K. Harris
M. G. Jenkins
J. Lang
M. P. Metcalfe

M. N. Mitchell
J. Parks
T.-L. Sham
A. Tzelepi
G. L. Zeng
M. Yoo, Alternate
A. Appleton, Contributing Member
R. W. Barnes, Contributing Member
A.A. Campbell, ContributingMember
S.-H. Chi, Contributing Member
Y. Katoh, Contributing Member
A. Mack, Contributing Member
J. B. Ossmann, Contributing Member

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

J. Grimm, Chair
S. Hunter, Secretary
W. H. Borter
M. Brijlani
G. R. Cannell
A. Cardillo
S. Cho
P. J. Coco
R. H. Davis
D. B. Denis
B. D. Frew
D. W. Gandy
S. E. Gingrich
M. Golliet
L. S. Harbison
R. M. Jessee
C. C. Kim

M. Kris
D. W. Mann
T. Melfi
I.-K. Nam
J. B. Ossmann
J. E. O’Sullivan
M. C. Scott
W. J. Sperko
J. R. Stinson
J. F. Strunk
W. Windes
R. Wright
S. Yee
H. Michael, Delegate
A. L. Hiser, Jr., Alternate
R. W. Barnes, Contributing Member

Task Group on Advanced Manufacturing (BPV III)

D. W. Mann, Chair
D. W. Gandy, Secretary
R. Bass
D. Chowdhury
P. J. Coco
B. D. Frew
J. Grimm
A. L. Hiser, Jr.
J. Lambin
T. Lippucci
K. Matsunaga

T. Melfi
E. C. Renaud
W. J. Sperko
J. F. Strunk
J. Sulley
S. Tate
S. Wolbert
H. Xu
D. W. Pratt, Alternate
S. Malik, Contibuting Member

Joint Working Group on HDPE (SG-MFE) (BPV III)

M. Brandes, Chair
T. M. Musto, Chair
J. B. Ossmannn, Secretary
G. Brouette
M. C. Buckley
S. Choi
M. Golliet
J. Hebeisen
J. Johnston, Jr.
P. Krishnaswamy
M. Kuntz
B. Lin

K. Manoly
D. P. Munson
J. O’Sullivan
V. Rohatgi
F. Schaaf, Jr.
S. Schuessler
R. Stakenborghs
M. Troughton
P. Vibien
J. Wright
T. Adams, Contributing Member

COMMITTEE ON HEATING BOILERS (BPV IV)

M. Wadkinson, Chair
J. L. Kleiss, Vice Chair
C. R. Ramcharran, Staff Secretary
B. Ahee
L. Badziagowski
T. L. Bedeaux
B. Calderon
J. P. Chicoine

C. Dinic
J. M. Downs
J. A. Hall
M. Mengon
D. Nelson
H. Michael, Delegate
D. Picart, Delegate
P. A. Molvie, Contributing Member

Executive Committee (BPV IV)

M. Wadkinson, Chair
C. R. Ramcharran, Staff Secretary
L. Badziagowski
T. L. Bedeaux

J. P. Chicoine
J. A. Hall
J. L. Kleiss
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Subgroup on Cast Boilers (BPV IV)

J. P. Chicoine, Chair
J. M. Downs, Vice Chair
C. R. Ramcharran, Staff Secretary
T. L. Bedeaux

J. A. Hall
J. L. Kleiss
M. Mengon

Subgroup on Materials (BPV IV)

J. A. Hall, Chair
J. M. Downs, Vice Chair
C. R. Ramcharran, Staff Secretary
L. Badziagowski

T. L. Bedeaux
Y. Teng
M. Wadkinson

Subgroup on Water Heaters (BPV IV)

J. L. Kleiss, Chair
L. Badziagowski, Vice Chair
C. R. Ramcharran, Staff Secretary
B. Ahee
J. P. Chicoine
C. Dinic

B. J. Iske
M. Mengon
Y. Teng
T. E. Trant
P. A. Molvie, Contributing Member

Subgroup on Welded Boilers (BPV IV)

T. L. Bedeaux, Chair
C. R. Ramcharran, Staff Secretary
B. Ahee
L. Badziagowski
B. Calderon
J. P. Chicoine
C. Dinic

J. L. Kleiss
M. Mengon
M. Wadkinson
M. J. Melita, Alternate
D. Nelson, Alternate
P. A. Molvie, Contributing Member

Europe International Working Group (BPV IV)

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

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

COMMITTEE ON NONDESTRUCTIVE EXAMINATION (BPV V)

N. A. Finney, Chair
C. May, Vice Chair
C. R. Ramcharran, Staff Secretary
D. Bajula
P. L. Brown
M. A. Burns
N. Carter
T. Clausing
C. Emslander
A. F. Garbolevsky
P. T. Hayes
G. W. Hembree
F. B. Kovacs
K. Krueger

B. D. Laite
P. B. Shaw
C. Vorwald
S. J. Akrin, Contributing Member
J. E. Batey, Contributing Member
A. S. Birks, Contributing Member
N. Y. Faransso, ContributingMember
J. F. Halley, Contributing Member
R. W. Kruzic, Contributing Member
L. E. Mullins, Contributing Member
F. J. Sattler, Contributing Member
H. C. Graber, Honorary Member
T. G. McCarty, Honorary Member

Executive Committee (BPV V)

C. May, Chair
N. A. Finney, Vice Chair
C. R. Ramcharran, Staff Secretary
N. Carter
V. F. Godinez-Azcuaga
P. T. Hayes

G. W. Hembree
F. B. Kovacs
K. Krueger
E. Peloquin
C. Vorwald

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

C. Vorwald, Chair
D. Bajula
N. Carter
P. Chavdarov
T. Clausing
C. Emslander
N. A. Finney
G. W. Hembree

F. B. Kovacs
K. Krueger
C. May
S. J. Akrin, Contributing Member
N. Y. Faransso, ContributingMember
J. F. Halley, Contributing Member
D. I. Morris, Contributing Member
J. P. Swezy, Jr., Contributing Member

Project Team on Assisted Analysis (BPV V)

K. Hayes, Chair
J. Aldrin
J. Chen
N. A. Finney
V. F. Godinez-Azcuaga

C. Hansen
G. W. Hembree
R. S. F. Orozco
E. Peloquin
T. Thulien

Subgroup on Volumetric Methods (BPV V)

C. May, Chair
P. T. Hayes, Vice Chair
D. Adkins
P. L. Brown
N. A. Finney
A. F. Garbolevsky
R. W. Hardy
G. W. Hembree
F. B. Kovacs

K. Krueger
E. Peloquin
C. Vorwald
S. J. Akrin, Contributing Member
N. Y. Faransso, ContributingMember
J. F. Halley, Contributing Member
R. W. Kruzic, Contributing Member
L. E. Mullins, Contributing Member
F. J. Sattler, Contributing Member

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

C. Vorwald, Chair
D. M. Woodward, Vice Chair
J. Anderson
P. L. Brown
C. Emslander
A. F. Garbolevsky
R. W. Hardy
G. W. Hembree
F. B. Kovacs
B. D. Laite

T. R. Lerohl
C. May
R. J. Mills
J. F. Molinaro
T. Vidimos
B. White
S. J. Akrin, Contributing Member
T. L. Clifford, Contributing Member
N. Y. Faransso, ContributingMember
R. W. Kruzic, Contributing Member

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

K. Krueger, Chair
D. Bajula, Vice Chair
D. Adkins
C. Brown
C. Emslander
N. A. Finney
P. T. Hayes
G. W. Hembree
B. D. Laite
T. R. Lerohl
C. May
E. Peloquin
J. Schoneweis

D. Tompkins
D. Van Allen
J. Vinyard
C. Vorwald
C. Wassink
N. Y. Faransso, ContributingMember
J. F. Halley, Contributing Member
R. W. Kruzic, Contributing Member
P. Mudge, Contributing Member
L. E. Mullins, Contributing Member
M. J. Quarry, Contributing Member
F. J. Sattler, Contributing Member
J. Vanvelsor, Contributing Member
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Working Group on Acoustic Emissions (SG-VM) (BPV V)

V. F. Godinez-Azcuaga, Chair
J. Catty, Vice Chair
S. R. Doctor

N. F. Douglas, Jr.
R. K. Miller
N. Y. Faransso, ContributingMember

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

E. Peloquin, Chair
C. Wassink, Vice Chair
D. Bajula
D. Bellistri
J. Catty
N. A. Finney
J. L. Garner
R. T. Grotenhuis
P. T. Hayes

G. W. Hembree
K. Krueger
M. Lozev
R. Nogueira
D. Richard
M. Sens
D. Tompkins
J. F. Halley, Contributing Member
L. E. Mullins, Contributing Member

Subgroup on Inservice Examination Methods and Techniques
(BPV V)

P. T. Hayes, Chair
E. Peloquin, Vice Chair
M. A. Burns
M. Carlson
N. A. Finney
V. F. Godinez-Azcuaga

G. W. Hembree
K. Krueger
C. May
D. D. Raimander
C. Vorwald

Subgroup on Surface Examination Methods (BPV V)

N. Carter, Chair
B. D. Laite, Vice Chair
R. M. Beldyk
P. L. Brown
T. Clausing
C. Emslander
N. Farenbaugh
N. A. Finney
A. F. Garbolevsky
K. Hayes
G. W. Hembree
C. May

P. B. Shaw
R. Tedder
C. Vorwald
C. Wassink
D. M. Woodward
S. J. Akrin, Contributing Member
N. Y. Faransso, ContributingMember
J. F. Halley, Contributing Member
R. W. Kruzic, Contributing Member
L. E. Mullins, Contributing Member
F. J. Sattler, Contributing Member

Germany International Working Group (BPV V)

P. Chavdarov, Chair
C. Kringe, Vice Chair
H.-P. Schmitz, Secretary
K.-H. Gischler

D. Kaiser
S. Mann
V. Reusch

India International Working Group (BPV V)

P. Kumar, Chair
A. V. Bhagwat
J. Chahwala
S. Jobanputra
D. Joshi

G. R. Joshi
A. Relekar
V. J. Sonawane
D. B. Tanpure

Italy International Working Group (BPV V)

D. D. Raimander, Chair
O. Oldani, Vice Chair
C. R. Ramcharran, Staff Secretary
P. Campli, Secretary
M. Agostini
T. Aldo
F. Bresciani
N. Caputo
M. Colombo
P. L. Dinelli
F. Ferrarese

E. Ferrari
M. A. Grimoldi
G. Luoni
U. Papponetti
P. Pedersoli
A. Veroni
M. Zambon
V. Calo, Contributing Member
G. Gobbi, Contributing Member
A. Gusmaroli, Contributing Member
G. Pontiggia, Contributing Member

COMMITTEE ON PRESSURE VESSELS (BPV VIII)

S. C. Roberts, Chair
M. D. Lower, Vice Chair
S. J. Rossi, Staff Secretary
G. Aurioles, Sr.
S. R. Babka
R. J. Basile
P. Chavdarov
D. B. DeMichael
J. F. Grubb
B. F. Hantz
M. Kowalczyk
D. L. Kurle
R. Mahadeen
S. A. Marks
P. Matkovics
R. W. Mikitka
B. R. Morelock
T. P. Pastor
D. T. Peters
M. J. Pischke
M. D. Rana
G. B. Rawls, Jr.
F. L. Richter

C. D. Rodery
J. C. Sowinski
D. Srnic
D. B. Stewart
P. L. Sturgill
K. Subramanian
D. A. Swanson
J. P. Swezy, Jr.
S. Terada
E. Upitis
A. Viet
K. Xu
P. A. McGowan, Delegate
H. Michael, Delegate
K. Oyamada, Delegate
M. E. Papponetti, Delegate
A. Chaudouet, Contributing Member
J. P. Glaspie, Contributing Member
K. T. Lau, Contributing Member
U. R. Miller, Contributing Member
K.Mokhtarian, ContributingMember
G. G. Karcher, Honorary Member
K. K. Tam, Honorary Member

Executive Committee (BPV VIII)

M. D. Lower, Chair
S. J. Rossi, Staff Secretary
G. Aurioles, Sr.
C. W. Cary
J. Hoskinson
M. Kowalczyk

S. A. Marks
P. Matkovics
S. C. Roberts
J. C. Sowinski
K. Subramanian
K. Xu
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Subgroup on Design (BPV VIII)

J. C. Sowinski, Chair
C. S. Hinson, Vice Chair
G. Aurioles, Sr.
S. R. Babka
O. A. Barsky
R. J. Basile
D. Chandiramani
M. D. Clark
M. Faulkner
B. F. Hantz
C. E. Hinnant
M. H. Jawad
S. Krishnamurthy
D. L. Kurle
K. Kuscu
M. D. Lower
R. W. Mikitka
B. Millet

M. D. Rana
G. B. Rawls, Jr.
S. C. Roberts
C. D. Rodery
T. G. Seipp
D. Srnic
D. A. Swanson
S. Terada
J. Vattappilly
K. Xu
K. Oyamada, Delegate
M. E. Papponetti, Delegate
P. K. Lam, Contributing Member
K.Mokhtarian, ContributingMember
T. P. Pastor, Contributing Member
S. C. Shah, Contributing Member
K. K. Tam, Contributing Member
E. Upitis, Contributing Member

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

B. F. Hantz, Chair
T. W. Norton, Secretary
D. A. Arnett
J. Bedoya
S. Guzey
C. F. Heberling II
C. E. Hinnant
M. H. Jawad
S. Kataoka
S. Kilambi
K. D. Kirkpatrick

S. Krishnamurthy
A. Mann
C. Nadarajah
P. Prueter
T. G. Seipp
M. A. Shah
S. Terada
R. G. Brown, Contributing Member
D. Dewees, Contributing Member
K. Saboda, Contributing Member

Working Group on Elevated Temperature Design (BPV I and VIII)

A. Mann, Chair
C. Nadarajah, Secretary
D. Anderson
D. Dewees
B. F. Hantz
M. H. Jawad
R. I. Jetter
S. Krishnamurthy

T. Le
M. C. Messner
M. N. Mitchell
P. Prueter
M. J. Swindeman
J. P. Glaspie, Contributing Member
N. McMurray, Contributing Member
B. J. Mollitor, Contributing Member

Subgroup on Fabrication and Examination (BPV VIII)

S. A. Marks, Chair
D. I. Morris, Vice Chair
T. Halligan, Secretary
N. Carter
J. Lu
B. R. Morelock
O. Mulet
M. J. Pischke
M. J. Rice
J. Roberts
C. D. Rodery

B. F. Shelley
D. Smith
P. L. Sturgill
J. P. Swezy, Jr.
E. Upitis
C. Violand
K. Oyamada, Delegate
W. J. Bees, Contributing Member
L. F. Campbell, ContributingMember
R. Uebel, Contributing Member

Subgroup on General Requirements (BPV VIII)

J. Hoskinson, Chair
M. Faulkner, Vice Chair
N. Barkley
R. J. Basile
T. P. Beirne
D. B. DeMichael
M. D. Lower
T. P. Pastor
I. Powell
G. B. Rawls, Jr.

F. L. Richter
S. C. Roberts
J. Rust
J. C. Sowinski
P. Speranza
D. Srnic
D. B. Stewart
D. A. Swanson
J. P. Glaspie, Contributing Member
Y. Yang, Contributing Member

Task Group on Fired Heater Pressure Vessels (BPV VIII)

J. Hoskinson, Chair
W. Kim
S. Kirk
D. Nelson
T. P. Pastor

R. Robles
J. Rust
P. Shanks
E. Smith
D. Srnic

Task Group on Subsea Applications (BPV VIII)

M. Sarzynski, Chair
A. J. Grohmann, Vice Chair
L. P. Antalffy
R. C. Biel
J. Ellens
J. Hademenos
J. Kaculi
K. Karpanan
F. Kirkemo

C. Lan
P. Lutkiewicz
N. McKie
S. K. Parimi
R. H. Patil
M. P. Vaclavik
R. Cordes, Contributing Member
D. T. Peters, Contributing Member
J. R. Sims, Contributing Member

Subgroup on Heat Transfer Equipment (BPV VIII)

P. Matkovics, Chair
M. D. Clark, Vice Chair
L. Bower, Secretary
G. Aurioles, Sr.
S. R. Babka
J. H. Barbee
O. A. Barsky
T. Bunyarattaphantu
A. Chaudouet
D. L. Kurle

R. Mahadeen
S. Mayeux
S. Neilsen
E. Smith
A. M. Voytko
R. P. Wiberg
J. Pasek, Contributing Member
D. Srnic, Contributing Member
Z. Tong, Contributing Member

Working Group on Plate Heat Exchangers (BPV VIII)

D. I. Morris, Chair
S. R. Babka
J. F. Grubb
V. Gudge
R. Mahadeen
S. A. Marks

P. Matkovics
M. J. Pischke
P. Shanks
E. Smith
D. Srnic
S. Sullivan
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Subgroup on High Pressure Vessels (BPV VIII)

K. Subramanian, Chair
M. Sarzynski, Vice Chair
A. Dinizulu, Staff Secretary
L. P. Antalffy
J. Barlow
R. C. Biel
P. N. Chaku
L. Fridlund
D. Fuenmayor
J. Gibson
R. T. Hallman
K. Karpanan
J. Keltjens
A. K. Khare
G. T. Nelson
D. T. Peters
E. D. Roll
J. R. Sims
E. Smith
F. W. Tatar

S. Terada
Y. Xu
A. M. Clayton, Contributing Member
R. Cordes, Contributing Member
R. D. Dixon, Contributing Member
Q. Dong, Contributing Member
T. A. Duffey, Contributing Member
R. M. Hoshman, Contributing
Member

F. Kirkemo, Contributing Member
R. A. Leishear, Contributing Member
G. M. Mital, Contributing Member
M. Parr, Contributing Member
M. D. Rana, Contributing Member
C. Romero, Contributing Member
C. Tipple, Contributing Member
K.-J. Young, Contributing Member
D. J. Burns, Honorary Member
G. J. Mraz, Honorary Member

Subgroup on Materials (BPV VIII)

M. Kowalczyk, Chair
P. Chavdarov, Vice Chair
S. Kilambi, Secretary
J. Cameron
J. F. Grubb
D. Maitra
D. W. Rahoi
J. Robertson
R. C. Sutherlin

E. Upitis
K. Xu
S. Yem
A. Di Rienzo, Contributing Member
J. D. Fritz, Contributing Member
M. Katcher, Contributing Member
W. M. Lundy, Contributing Member
J. Penso, Contributing Member

Subgroup on Toughness (BPV VIII)

K. Xu, Chair
T. Halligan, Vice Chair
T. Finn
C. S. Hinson
S. Kilambi
D. L. Kurle
T. Newman
J. Qu
M. D. Rana
F. L. Richter
K. Subramanian

D. A. Swanson
J. P. Swezy, Jr.
S. Terada
E. Upitis
J. Vattappilly
K. Oyamada, Delegate
L. Dong, Contributing Member
S. Krishnamurthy, Contributing
Member

K.Mokhtarian, ContributingMember

Subgroup on Graphite Pressure Equipment (BPV VIII)

C. W. Cary, Chair
A. Viet, Vice Chair
G. C. Becherer
F. L. Brown
R. J. Bulgin

J. D. Clements
H. Lee, Jr.
S. Mehrez
T. Rudy
A. A. Stupica

Argentina International Working Group (BPV VIII)

A. Dominguez, Chair
R. Robles, Vice Chair
G. Glissenti, Secretary
M. M. Acosta
R. A. Barey
C. Alderetes
F. A. Andres
A. Antipasti
D. A. Bardelli
L. F. Boccanera
O. S. Bretones
A. Burgueno
G. Casanas
D. H. Da Rold
D. A. Del Teglia
J. I. Duo

M. Favareto
M. D. Kuhn
F. P. Larrosa
L. M. Leccese
C. Meinl
M. A. Mendez
J. J. Monaco
C. Parente
M. A. A. Pipponzi
L. C. Rigoli
A. Rivas
D. Rizzo
J. C. Rubeo
S. Schamun
G. Telleria
M. M. C. Tocco
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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.

xlii
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SUMMARY OF CHANGES

Changes listed below are identified on the pages by a margin note, (23), placed next to the affected area. In addition,
gender pronouns have been eliminated throughout Subsection NCD.

Page Location Change
xi 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”

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

Vessel Standards Committees”)
xxxix Organization of Section III In para. 1, Division 4 added
xlv Cross-Referencing in the ASME BPVC Updated
6 NCD-2121 Subparagraph (a) revised
8 NCD-2131 First and second sentences revised
8 NCD-2132 First and second sentences revised
9 NCD-2160 Last sentence added
14 NCD-2321.2 Revised
37 NCD-2610 (1) Subparagraphs (a) and (b) revised

(2) Subparagraph (d) added
39 NCD-3125 Revised
51 Figure NCD-3217-1 In Legend, definitions of PL and Pm revised
67 NCD-3232.1 Subparagraph (c) revised
70 Figure NCD-3239.1(b)-1 Revised
72 Figure NCD-3239.4-1 Revised
77 NCD-3262.1 Last sentence corrected by errata
80 Table NCD-3321-2 Second page of table reinstated (page was inadvertently omitted in 2021

edition)
88 NCD-3325.2 Subparagraph (a) corrected by errata
140 NCD-3450 Title corrected from “Design of Class 2 Reciprocating Pumps” to “Design of

Reciprocating Pumps” by errata
148 NCD-3595.1 Reference to ASME B16.5 tables corrected by errata
242 NCD-4125 Cross-reference for brazing material requirements corrected by errata
283 NCD-4335 Revised
284 NCD-4335.1 Subparagraph (a) revised
284 NCD-4335.2 Subparagraph (a) revised
287 NCD-4413 Added
287 NCD-4423.1 Revised
287 NCD-4423.2 Revised
288 NCD-4423.3 Revised
290 Figure NCD-4427-1 Sketch (c-1) revised
292 NCD-4451 First sentence revised
298 Table NCD-4622.1-1 Spanning column heading revised
297 NCD-4622.3 Last sentence revised
300 Table NCD-4622.7(b)-1 Entries for P-No. 9A Gr. 1 and P-No. 9B Gr. 1 combined and revised
311 NCD-5321 Subparagraph (a)(4) revised
314 NCD-5510 Revised
315 NCD-5540 Added
317 NCD-6112.1 Subparagraph (c) added

xliii
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Page Location Change
321 NCD-6412 Subparagraph (b) revised
321 NCD-6413 Revised

xliv
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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).

xlv
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ARTICLE NCD-1000
INTRODUCTION

NCD-1100 SCOPE

NCD-1110 ASPECTSOF CONSTRUCTIONCOVERED
BY THESE RULES

(a) Subsection NCD contains rules for the material,
design, fabrication, examination, testing, overpressure
relief, marking, stamping, and preparation of reports
by the Certificate Holder for items that are intended to
conform to the requirements for Class 2 or Class 3
construction.
(b) The rules of Subsection NCD cover the require-

ments for the strength and pressure integrity of items
the failure of which would violate the pressure-retaining
boundary. The rules cover load stresses but do not cover
deterioration thatmayoccur in service as a result of corro-
sion, radiation effects, or instability of materials. NCA‐
1130 further limits the rules of this Subsection.
(c) Subsection NCD does not contain rules to cover all

details of construction of Class 2 or Class 3 vessels and
storage tanks. Where complete details are not provided
in this Subsection, it is intended that the N Certificate
Holder, subject to the approval of the Owner or its
designee and acceptance by the Inspector, shall
provide details of construction that will be consistent
with those provided by the rules of this Subsection.
(d) Class 2 vessels are to be designed using the stan-

darddesignmethod inNCD-3300or the alternativedesign
rulesofNCD-3200,whichallowtheuseof analysiswith the
higher design stress intensity values of Section II, Part D,
Subpart 1, Tables 2A, 2B, and 4.

NCD-1120 TEMPERATURE LIMITS

The rules of Subsection NCD 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 1A, 1B, and3 fordesign
stress values or in Section II, Part D, Subpart 1, Tables 2A,
2B, and 4 for design stress intensity values for Class 2
vessels designed to the alternative design rules of
NCD-3200. For vessels operating beyond the temperature
limits referencedabove, thecreepandstress rupturechar-
acteristics 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) for materials covered by Section III
Appendices,Mandatory Appendix I, Figures I-9.1 and I-9.4
and above 800°F (425°C) formaterials covered by Section
III Appendices, Mandatory Appendix I, Figures I-9.2 and I-
9.3.

NCD-1130 BOUNDARIES OF JURISDICTION
APPLICABLE TO THIS SUBSECTION

NCD-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 not be 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.

NCD-1132 Boundary Between Components and
Attachments

NCD-1132.1 Attachments.

(a) An attachment is an element in contact with or
connected to the inside or outside of the pressure-
retaining portion of a component.
(b) Attachments may have either a pressure‐retaining

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

include items such as:
(-a) pressure boundary stiffeners;
(-b) branch and vessel opening reinforcement.

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

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

(-b) vessel saddles, support and shear lugs,
brackets, pipe clamps, trunnions, skirts, and other
items within the component 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;

ASME BPVC.III.1.NCD-2023
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(-b) are in the component support load path.
(2) Attachments with a nonstructural function

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

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

NCD-1132.2 Jurisdictional Boundary. The jurisdic-
tional boundarybetweenapressure-retaining component
and an attachment defined in the Design Specification
shall not be any closer to the pressure-retaining
portion of the component than as defined in (a)
through (g) below. Figures NCD-1132.2-1 through
NCD-1132.2-3 are provided as an aid in defining the
boundary and construction requirements of this Subsec-
tion.
(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 pres-

sure-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) The first connecting weld of a non-pressure‐

retaining structural attachment to a component shall
be considered part of the component unless the weld
is more 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 pres-
sure-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 NCD-4430.
(f) Mechanical fasteners used to connect a non-pres-

sure‐retaining attachment to the component shall be
considered part of the attachment.
(g) Theboundarymaybe located further fromthepres-

sure-retainingportionof the component thanasdefined in
(a) through (f) above when specified in the Design Spec-
ification.

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

10

2t

2t

9

9

9
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7

99 6

6

10

10

10

10

Component shall conform to Subsection NCD.
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 NCD.

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 NCD-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 NCD.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 NCD-3135.

10

7

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

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 jurisdic-
tion.
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Figure NCD-1132.2-2
Attachments That Do Not Perform a Pressure-Retaining Function and Are Not in the Component Support Load Path

(Nonstructural Attachments)

t

2t

Component shall conform to Subsection NCD.1

Pressure-retaining portion of the component.2

Jurisdictional boundary (heavy line).3

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

4

At or within 2t from the pressure-retaining
portion of the component, the material of the 
first welded nonstructural attachment shall
conform to NCD-2190; design is outside Code
jurisdiction.

5

At or within 2t from the pressure-retaining
portion of the component, the first connecting
weld shall conform to NCD-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 
attachment is outside Code jurisdiction.

8

Nonstructural attachment connection is out-
side Code jurisdiction.

9

10

Drilled holes shall conform to Subsection NCD.11

2t
2t

2t

2

11810

9

9

5

7
10

6

3

6

7

5

10

44 1

10

7

9

1

2

3

9

10
8

9

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

GENERAL NOTE: These sketches are intended to show jurisdictional concepts and should not be considered as recommended configurations.
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Figure NCD-1132.2-3
Attachments That Perform a Pressure-Retaining Function

Component shall conform to Subsection NCD.1

Pressure-retaining portion of the component.2

Jurisdictional boundary (heavy line).3

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

4

Welded attachment shall conform to Subsec-
tion NCD.

5

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

6

Attachment connection shall conform to Sub-
section NCD.

7

Drilled holes shall conform to Subsection NCD.8

1

7

6

5

5

4

7

1

7

7

6

8

7

7

2
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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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ARTICLE NCD-2000
MATERIAL

NCD-2100 GENERAL REQUIREMENTS FOR
MATERIAL

NCD-2110 SCOPE OF PRINCIPAL TERMS
EMPLOYED

(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-retaining materials as used in

this Subsection applies to 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 thickness.

(-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.

NCD-2120 PRESSURE-RETAINING MATERIAL

NCD-2121 ð23ÞPermitted Material Specifications

(a) Pressure-retainingmaterial shall conformto the re-
quirements of one of the specifications formaterials given
in Section II, Part D, Subpart 1, Tables 1A, 1B, and 3,
including all applicable notes in the tables, and to all
of the requirements of this Article that apply to the
product form in which the material is used. Attachments
that perform a pressure-retaining function shall be pres-
sure-retaining material. Alternatively, items manufac-
tured using advanced manufacturing shall conform to
the requirements of Section III Appendices, Mandatory
Appendix XXVIII. For vessels that are designed in accor-
dance with NCD-3200, the materials shall be restricted to
those materials listed in Section II, Part D, Subpart 1,
Tables 2A, 2B, and 4, including all applicable notes in
the tables, and to the following cladproduct specifications,
provided they are composed of materials listed in Section
II, Part D, Subpart 1, Tables 2A, 2B, and 4:

(1) SA-263, Specification for Corrosion‐Resisting
Chromium‐Steel Clad Plate, Sheet, and Strip

(2) SA-264, Specification for Corrosion‐Resisting
Chromium‐Nickel Steel Clad Plate, Sheet, and Strip

(3) SA-265, Specification for Nickel and Nickel‐Base
Alloy Clad Steel Plate
(b) The requirements of this Article do not apply to

material for items not associated with the pressure-
retaining function of a component such as shafts,
stems, trim, spray nozzles, bearings, bushings, springs,
wear plates, nor to seals, packing, gaskets, valve seats,
and ceramic insulating materials and special alloys
usedas sealmaterials in electrical penetration assemblies.
(c) Material made to specifications other than those

specified in Section II, Part D, Subpart 1, Tables 1A
and 1B 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 valves — whose inlet connec-
tions are NPS 2 (DN 50) and smaller
(d) Material for line fittings and valves, NPS 1 (DN 25)

and less, may be of material made to specifications other
than those listed in Section II, Part D, Subpart 1, provided
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that the fittings are in conformancewith the requirements
of NCD-3671.4, the valves meet the requirements of
NCD-3500, and the material is determined to be adequate
for the service conditions by the piping system designer
for fittings.
(e) Welding andbrazingmaterials used inmanufacture

of items shall comply with an SFA specification in Section
II, Part C, except as otherwise permitted in Section IX, and
shall also comply with the applicable requirements of this
Article. The requirements of this Article do not apply to
materialsusedasbacking ringsorbackingstrips inwelded
joints.
(f) The requirementsof thisArticle donot apply tohard

surfacing or corrosion resistant weldmetal overlaywhich
is 10% or less of the thickness of the base material
(NCD-3122).

NCD-2122 Special Requirements Conflicting With
Permitted Material Specifications

Special requirements stipulated in this Article shall
apply in lieu of the requirements of thematerial specifica-
tions wherever the special requirements conflict with the
material specification requirements (NCA-4256). Where
the special requirements include an examination, test, or
treatment which is also required by the material specifi-
cation, the examination, test, or treatment need be
performed only once. Required nondestructive examina-
tions shall be performed as specified for each product
form in NCD-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 NCD-4121.1.
Any hydrostatic or pneumatic pressure test required
by a material specification need not be performed,
provided the material is identified as not having been
pressure tested and it is subsequently pressure tested
in accordance with NCD-6114, except where the location
of thematerial in the component or the installationwould
prevent performing any nondestructive examination
required by the material specification to be performed
subsequent to the hydrostatic or pneumatic test.
(a) The stress rupture test of SA-453 and SA-638 for

Grade 660 (UNS S66286) is not required for design
temperatures of 800°F (427°C) and below.
(b) In addition to tension testing required by themate-

rial specification, forgings produced for flat heads and
tubesheets with integrally forged hubs, for butt
welding to the adjacent shell, head, or other pressure
part, shall have tensile tests performed in accordance
with NCD-4243.3. The tension test specimen shall be
located in accordance with NCD-4243.3 and Figure
NCD-4243.3-1.

NCD-2124 Material Size Ranges and Tolerances

(a) Material outside the limits of size or thickness given
inanyspecification inSection IImaybeused if thematerial
is in compliance with the other requirements of the spec-
ification and no size limitation is given in this Subsection.
In those specifications in which chemical composition or
mechanical properties are indicated to vary with size or
thickness, any material outside the specification range
shall be required to conform to the composition and
mechanical properties shown for the nearest specified
range (NCA-4256).
(b) Platematerial shall be ordered not thinner than the

design thickness. Components, except for piping, made of
plate furnished with an undertolerance of not more than
the lesser value of 0.01 in. (0.25mm) or 6%of the ordered
thickness, may be used at the full design pressure for the
thickness ordered. If the specification towhich the plate is
ordered allows a greater undertolerance, the ordered
thickness of the material shall be sufficiently greater
than thedesign thickness so that the thicknessof themate-
rial furnished is not more than the lesser of 0.01 in. (0.25
mm) or 6% under the design thickness.
(c) If pipe or tube is ordered by its nominal wall thick-

ness, themanufacturing undertolerance onwall thickness
shall be taken into account. The manufacturing under-
tolerances are given in the several pipe and tube speci-
fications listed in the applicableTables in Section II, PartD,
Subpart 1. After the minimum wall thickness is deter-
mined (NCD-3641.1), it shall be increased by an
amount sufficient to provide for themanufacturing under-
tolerance allowed in the pipe or tube specification.

NCD-2125 Material in Combination1

A componentmay be constructed of any combination of
materials permitted inArticleNCD-2000, provided the ap-
plicable rules are followed and the requirements of
Section IX for welding dissimilar metals are met.

NCD-2126 Finned Tubes

NCD-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 1A and 1B and to all of the special requirements
of this Article that apply to that product form. In addition,
the following requirements shall apply:
(a) The requirements of NCD-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 allowable stress values shall be those given in

Section II, Part D, Subpart 1, Tables 1A and 1B 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:
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(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
toNCD-5100 or by personnel qualified in accordancewith
NCD-5500.

NCD-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 speci-
fications for tubes listed in Section II, Part D, Subpart 1,
Table 1A, and to all of the special requirements of this
Article which apply to that product form. Heat transfer
fins shall be of 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
resistance welding process. In addition, the following re-
quirements shall apply:
(a) Theheat transfer fins neednot be 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 5× 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.

NCD-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 3. 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 3. Refer to

Section II, Part D, Subpart 1, Table 4 for bolting material
for vessels designed to the requirements of NCD-3200.
(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.

NCD-2130 CERTIFICATION OF MATERIAL

NCD-2131 ð23ÞFor Class 2 Components

All materials used in the construction of components
shall be certified as required in NCA-1224 and NCA-
1225. Certified Material Test Reports are required for
pressure-retaining material except as provided by
NCA-1224. A Certificate of Compliance may be provided
in lieuof aCertifiedMaterialTestReport forall othermate-
rial. Copies of all CertifiedMaterial Test Reports and Certi-
ficates of Compliance applicable to material used in a
component shall be furnished with the material.

NCD-2132 ð23ÞFor Class 3 Components

All materials used in the construction of components
shall be certified as required in NCA-1224 and NCA-
1225. Certified Material Test Reports are required for
pressure-retaining material except as provided by
NCA-1224, and for small products as defined in
NCD-2610(c). A Certificate of Compliance may be
provided in lieu of a Certified Material Test Report for
all other material. Copies of all Certified Material Test
ReportsandCertificatesofComplianceapplicable tomate-
rial used in a component shall be furnishedwith themate-
rial.

NCD-2140 WELDING MATERIALS

For the requirements governing the materials to be
used for welding, see NCD-2400.

NCD-2150 MATERIAL IDENTIFICATION

NCD-2151 For Class 2 Items

The identification of pressure-retaining material shall
meet the requirements of NCA-4256. Material for small
items shall be controlled during manufacture and instal-
lation of the item so that the material is identifiable as
acceptable at all times. Welding and brazing materials
shall be controlled during the repair of material and
the manufacture and installation of the items so that
they are identifiable as acceptable until the material is
actually consumed in the process (NCD-4122).

NCD-2152 For Class 3 Items

All material shall be marked in accordance with the
marking requirements of thematerial specification. Mate-
rial for small items shall be controlled duringmanufacture
and installation of the item so that the material is
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identifiable as acceptable at all times.Welding andbrazing
materials shall be controlled during the repair of material
and the manufacture and installation of the items so that
they are identifiable as acceptable until the material is
actually consumed in the process (NCD-4122).

NCD-2160ð23Þ DETERIORATION OF MATERIAL IN
SERVICE

Consideration of deterioration of material caused by
service is generally outside the scope of this Subsection.
It is the responsibility of the Owner to select material
suitable for the conditions stated in the Design Specifica-
tions [NCA-3211.19(b)] with specific attention being
given to the effects of service conditions upon the proper-
ties of thematerial. Special consideration shall be given to
the influences ofweld residual stresses on inservicemate-
rial degradation, such as stress corrosion cracking.

NCD-2170 HEAT TREATMENT TO ENHANCE
IMPACT PROPERTIES

Carbon steels, low alloy steels, and high alloy chromium
(Series 4XX) steels may be heat treated by quenching and
tempering to enhance their impact properties. Postweld
heat treatment of the component at a temperature of not
less than 1,100°F (595°C) may be considered to be the
tempering phase of the heat treatment.

NCD-2180 PROCEDURES FOR HEAT TREATMENT
OF MATERIAL

When heat treating temperature or time is required by
thematerial specification and the rules of this Subsection,
the heat treating shall be performed in temperature‐
surveyed and temperature‐calibrated furnaces or the
heat treating shall be controlled bymeasurement ofmate-
rial temperature by thermocouples in contact with the
material or attached to blocks in contact with thematerial
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.

NCD-2190 NON-PRESSURE‐RETAINING
MATERIAL

(a) Material in the component support load path and
not performing a pressure-retaining function (see
NCD-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 NCD-2000 or Article NF‐2000
provided the requirements of NCD-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.

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

NCD-2210 HEAT TREATMENT REQUIREMENTS

NCD-2211 Test CouponHeat Treatment for Ferritic
Material2

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
where nominal thickness for flanges refers to the wall
thickness at the weld joint to the pipe or component.
The Certificate Holder shall provide the Material Organi-
zation with the temperature and heating and cooling rate
to beused. In the case of postweld heat treatment, the total
time at temperature or temperatures for the test material
shall be at least 80% of the total time at temperature or
temperatures during actual postweld heat treatment of
thematerial, and the total timeat temperatureor tempera-
tures for the test material, coupon, or specimen may be
performed in a single cycle.

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

NCD-2212.1 Cooling Rates. Where ferritic steel mate-
rial is subjected to quenching from the austenitizing
temperature, the test coupons representing those mate-
rials shall be cooled at a rate similar to and no faster than
the rate atwhich themainbodyof thematerialwas cooled,
except in the case of certain forgings and castings
(NCD-2223.1.3 for Class 2, NCD-2223.2.3 for Class 3,
and NCD-2226). This rule shall apply for coupons
taken directly from the material as well as for separate
test coupons representing the material, and one of the
general procedures described in NCD-2212.2 or one of
the specific procedures described in NCD-2220 shall be
used for each product form.

NCD-2212.2 General Procedures. One of the general
procedures in (a), (b), and (c) below may be applied to
quenched and tempered material or test coupons repre-
senting the material, provided the specimens are taken
relative to the surface of the product in accordance
with NCD-2220. Further specific details of the methods
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to be used shall be the obligation of theMaterial Organiza-
tion and the Certificate Holder.
(a) Any procedure may be used which can be demon-

strated to produce a cooling rate in the test material that
matches the cooling rate of themainbodyof theproduct at
the regionmidway betweenmidthickness and the surface
(1∕4t) and no nearer any heat-treated edge than a distance
equal to the nominal thickness t being quenched within
25°F (14°C) and 20 sec at all temperatures after cooling
begins from the austenitizing temperature.
(b) If cooling rate data for thematerial and cooling rate

control devices for the test specimens are available, the
test specimensmay be heat treated in the device to repre-
sent thematerial, provided that theprovisionsof (a) above
are met.
(c) When any of the specific procedures described in

NCD-2220 are used, faster cooling rates at the edges may
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.

NCD-2220 PROCEDURE FOR OBTAINING TEST
COUPONS AND SPECIMENS FOR
QUENCHED AND TEMPERED
MATERIAL

NCD-2221 General Requirements

The procedure for obtaining test specimens for
quenched and tempered material is related to the
product form. Coupon and specimen location shall be
as required by the material specification, except as
stated in the followingparagraphsof this subarticle.Refer-
ences to dimensions signify nominal values.

NCD-2222 Plates

NCD-2222.1 Orientation and Location of Coupons.
Coupons shall be taken so that specimens shall have
their longitudinal axes at least 1∕4t from a rolled
surface and with the midlength of the specimen at
least t from any heat-treated edge, where t is the
nominal thickness of the material.

NCD-2222.2 Requirements for Separate TestCoupons.
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 NCD-2212.2, the dimensions of the coupon shall
be not less than 3t × 3t × t, where t is the nominal material
thickness.

NCD-2223 Forgings
NCD-2223.1 Location of Test Coupons for Class 2

Forgings.

NCD-2223.1.1 Forgings With 2 in. (50 mm)
MaximumThickness. For forgingswith amaximum thick-
ness of 2 in. (50 mm) the coupons shall be taken so that
specimens shall have their longitudinal axes at the
midplane of the thickness or the center of the cross
section and with the midlength of the specimens at
least 2 in. (50 mm) from any second surface.

NCD-2223.1.2 ForgingsWith Thickness Exceeding
2 in. (50 mm). For forgings exceeding a thickness of 2 in.
(50 mm) the coupons shall be taken so that specimens
shall have their longitudinal axes at least 1∕4t of the
maximum heat-treated thickness from any surface and
with the midlength of the specimens at least t from
any second surface. This is normally referred to as 1∕4t
× t, where t is the maximum heat-treated thickness. A
thermal buffer may be used to achieve the above condi-
tions [NCD-2212.2(c)(3)] unless cooling rates applicable
to the bulk forgings are simulated in accordance with
NCD-2212.2.

NCD-2223.1.3 Very Thick and Complex Forgings.
Test coupons for forgings which are both very thick and
complex, such as contour nozzles, thick tubesheets,
flanges, nozzles, 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, equiva-
lent to at least the greatest distance that the indicated high
tensile stress surface will be from the nearest surface
during heat treatment, and with the midlength of the
specimens a minimum 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. (38mm) from any heat-
treated surface.

NCD-2223.1 .4 Coupons From Separately
Produced Test Forgings. Test coupons representing
forgings from one heat and one heat treatment lot may
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be taken from a separately forged piece under the condi-
tions 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 NCD-2223.1.3.

NCD-2223.1.5 Test Specimens for Forgings.When
test specimens for forgings are to be taken under the ap-
plicable specification, the Inspector shall have the option
of witnessing the selection, placing an identifying stamp
on them, and witnessing the testing of these specimens.

NCD-2223.2 Location of Test Coupons for Class 3
Forgings.

NCD-2223.2.1 General Requirements. The longi-
tudinal axis of the test specimens shall be located at
least 1/4t from the nearest surface. The gage length of
tension test specimens and the area under the notch of
Charpy specimens shall be located at a distance of at
least t from any second surface to compensate for
faster cooling rates at the edges. The variable t is the
maximum nominal heat‐treated thickness or cross
section of the forging. Either of the following methods
may be used to obtain the required distance from any
second surface:
(a) Method A. A thermal buffer ring at least t × t in cross

section, or sections of such a ring at least 3t in length, shall
be welded to the test end of a forging prior to heat treat-
ment for mechanical properties. The buffer material may
be any weldable carbon or low alloy steel and shall be
joined to the forging with a partial penetration‐type
weld that completely seals the buffered surface. The
test coupons shall be removed from the forging in the
region buffered by the ring or ring segments. If ring
segments are used, the test coupons shall be removed
from the forging in the area under the center one‐third
of the buffer-ring-segment length. In either case, the lon-
gitudinal axis of the test specimens shall be located at a
minimum distance of 1/2 in. (13 mm) from the buffered

surface of the forging and at least 1/4t from a quenched
surface of the forging.
(b) Method B. Thermal insulation or other thermal

barriers shall be used during the heat treatment adjacent
to the product surface where specimens are to be
removed. It shall be demonstrated that the cooling rate
of the test specimen location is no faster than that attained
by the method described in NCD-2223.2.1 or Method A.
Test specimen locations shall be the same as stated for
MethodA.Details of thermal insulation, includingsubstan-
tiation data, shall be available from the agency performing
the heat treatment.

NCD-2223.2.2 Very Thick and Complex Forgings.
For forgings that are very thick and complex (e.g., thick
tubesheets, flanges, nozzles, pump and valve bodies, and
other complex forgings that are contour‐shaped or
machined essentially to the inservice configuration
prior to heat treatment), the purchaser shall specify
the surfaces of the finished product subjected to signifi-
cant tension loading in service. The test specimens shall be
removed from a prolongation or other stock from the
forging or from a test forging in accordance with
NCD-2223.2.4. They shall be taken so that the longitudinal
centerline is at a distance below the nearest heat-treated
surface equivalent to at least the greatest distance that the
significantly stressed location is from the nearest heat-
treated surface. The gage length of tension test specimens
and the area under the notch of Charpy specimens shall be
located at least twice this distance from any second heat-
treated surface. These respective locations, however, shall
not be closer than 3/4 in. (19mm) from thenearest surface
and 11/2 in. (38 mm) from any second surface.

NCD-2223.2.3 Multiple Forgings.

(a) Multiple Forgings Separated Into Identical Individ-
ual ForgingsBeforeQuenchandTemperTreatment. At least
one individual forging from each multiple forging in each
heat treating lot shall be tested using the test specimen
locationsofNCD-2223.2.1orNCD-2223.2.2 as specifiedon
the purchase order, except that test specimens located at
midlength may be closer to the ends of the production
forging than the specified distance to the second surfaces.
All forgings shall be quenched simultaneously and
tempered in the same furnace charge. All forgings from
the multiple shall be Brinell hardness tested after heat
treatment, and forgings not tested for mechanical proper-
ties shall have a Brinell hardness number (BHN)within 20
points of the BHN of the forging that has been tested for
mechanical properties.
(b) Multiple Forgings Separated After Quench and

TemperTreatment. Themultiple forging shall havean inte-
gral prolongation, andwhen the heat-treated length of the
multiple (excluding testmetal) exceeds 80 in. (2 000mm),
each end shall have an integral prolongation. Test
specimen locations shall meet the requirements of
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NCD-2223.2.1 or NCD-2223.2.2 as specified on the
purchase order.

NCD-2223.2.4 Forgings Tested With Representa-
tive,SeparatelyForgedTestPieces.Separately forged test
pieces shall be used. Test specimens shall be taken from a
representative separate test forging made from the same
heat of steel as the production forgings. Separate test
forgings shall receive substantially the same reduction
and type of hot working as the production forgings,
except that a longitudinal forged bar with dimensions
not less than 3t × t may be used to represent a ring
forging. Test forgings shall be of the same nominal thick-
ness as the as-quenched production forgings and shall be
heat treated in the same furnace charge and under the
same conditions as the production forgings. For forgings
requiring impact testing, the use of representative sepa-
rate test pieces shall be limited to forgings with machined
weights of 1,000 lb (450 kg) or less, except in the case of
forgings covered by NCD-2223.2.1. Test specimen loca-
tions shall meet the requirements of NCD-2223.2.1 or
NCD-2223.2.2 as applicable. When destructively tested
production forgings are not of sufficient length to
obtain the t distance from a second surface, the location
from the second surface may be at midlength of the
forging.

NCD-2223.2.5 Quenched and Tempered Bars.

(a) For bars (other than those used for bolting mate-
rials) the coupons shall be taken so that specimens shall
have their longitudinal axes at least 1/4t from the outside
or rolled surface. The gage length of tension test speci-
mens and the area under the notch of Charpy specimens
shall be indented at least one diameter or thickness froma
heat-treated end.
(b) Bars With Thicknesses Exceeding 11/2 in. (38 mm).

For bars (other than thoseused for boltingmaterials)with
diameters or thickness exceeding 11/2 in. (38 mm), the
coupons shall be taken so that specimens shall have
their longitudinal axes at least 1/4t from the outside or
rolled surface. The gage length of tension test specimens
and the area under the notch of Charpy specimens shall be
located at least one diameter or thickness from a heat-
treated end.

NCD-2224 Bars and Bolting Material

NCD-2224.1 Bars With 2 in. (50 mm) Maximum Thick-
ness.For barswith diameters or thicknesses 2 in. (50mm)
or less, the coupons shall be taken so that specimens shall
have their longitudinal axes on a line representing the
centerof the thicknessandwith themidlengthof the speci-
mens at least one diameter or thickness from a heat-
treated end.

NCD-2224.2 Bars With Thicknesses Exceeding 2 in.
(50 mm). For bars with diameters or thicknesses over
2 in. (50mm) the coupons shall be taken so that specimens

shall have their longitudinal axes at least 1∕4t from the
outside or rolled surface and with the midlength of the
specimens at least t from a heat-treated end, where t
is either the bar diameter or thickness.

NCD-2224.3 BoltingMaterial.For boltingmaterial, the
coupons shall be taken in conformancewith the applicable
material specification and with the midlength of the
specimen at least one diameter or thickness from a
heat-treated end. When the studs, nuts, or bolts are
not of sufficient length, the midlength of the specimen
shall be at the midlength of the studs, nuts, or bolts.
The studs, nuts, or bolts selected to provide test
coupon material shall be identical with respect to the
quenched contour and size except for length, which
shall equal or exceed the length of the represented
studs, nuts, or bolts.

NCD-2225 Tubular Products

NCD-2225.1 Tubular Products With 2 in. (50 mm)
Maximum Thickness. For tubular products with 2 in.
(50 mm) maximum wall thickness, the coupons shall
be taken so that specimens shall have their longitudinal
axes on a surface midway between the outside and inside
surfaces and with the midlength of the specimens at least
one wall thickness from a heat-treated end.

NCD-2225.2 TubularProductsExceeding2 in. (50mm)
Nominal Thickness. For tubular products with nominal
wall thicknesses exceeding 2 in. (50 mm), the coupons
shall be taken so that specimens shall have their longitu-
dinal axes at least 1∕4 t from the outside surface and with
themidlength of the specimens at least onewall thickness
from a heat-treated end.

NCD-2225.3 Separately Produced Coupons Repre-
senting Fittings. Separately produced test coupons repre-
senting fittings may be used. When separately produced
coupons are used, the requirements of NCD-2223.1.4 for
Class 2 and NCD-2223.2.4 for Class 3 shall be met.

NCD-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 section applies only to quenched‐and‐
tempered ferritic steel castings with 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 designated by the designer as
nonpressure retaining. The order, 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∕4 t from the t
dimension surface. For cylindrical castings, the
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longitudinal center line of the specimens shall be taken at
least 1∕4 t 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). The test coupon shall be of the same heat of
steel and shall receive substantially the same casting prac-
tices as the production casting it represents. (Centrifugal
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 samemaximum thickness t
asdefined in (a) above.Where separate test blocks require
reheat treatment, thermal buffers in accordance with (1)
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 edgewhere 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). This information
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, andwith theirmidlength
a minimum of twice this distance from a second heat-
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.

NCD-2300 FRACTURE TOUGHNESS
REQUIREMENTS FOR MATERIAL

NCD-2310 MATERIAL TO BE IMPACT TESTED

NCD-2311 Material for Which Impact Testing Is
Required

(a) Pressure-retaining material shall be impact tested
in accordancewith the requirements of NCD-2330, except
that impact testing of materials described in (1) through
(9) below is not a requirement of this Subsection:

(1) materialwithanominal section thicknessof 5∕8 in.
(16 mm) and less where thicknesses shall be taken as
defined in (-a) through (-e) below:

(-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 Class 2 integral fittings used to attach
process piping to the containment vessel (Figure NE‐
1110‐1), 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) or less;

(3) barwith a nominal cross‐sectional area that does
not exceed 1 in.2 (650 mm2);

(4) all thicknesses of material for pipe, tube, fittings,
pumps, and valves with a diameter of 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 materials;
(8) For Class 2 Only
(-a) materials listed in Table NCD-2311-1 for

which the listed value of TNDT3 is lower than the
Lowest Service Temperature4 (LST) by an amount estab-
lished by the rules in Section III Appendices, Nonmanda-
tory Appendix R. This exemption does not exempt either
the weld metal (NCD-2430) or the welding procedure
qualification (NCD-4335) from impact testing.

(-b) materials for components for which the
Lowest Service Temperature exceeds 150°F (65°C).

(9) For Class 3 Only
(-a) materials listed in Table NCD-2311-2 in

the thicknesses shown and for Lowest Service Tempera-
tures4 equal to or more than the tabulated temperatures.
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This exemption does not exempt either the weld metal
(NCD-2430) or the welding procedure qualification
(NCD-4335) from impact testing.

(-b) materials for components for which the
Lowest Service Temperature exceeds 100°F (38°C).
(b) The Design Specification shall state the Lowest

Service Temperature for the component.
(c) For Class 2 Only. Drop weight tests are not required

for the martensitic high alloy chromium (Series 4XX)
steels and precipitation‐hardening steels listed in
Section II, Part D, Subpart 1, Table 1A. The other require-
ments of NCD-2331 and NCD-2332 apply for these steels.
Fornominalwall thicknessesgreater than21∕2 in. (64mm),
the required Cv values shall be 40 mils (1.0 mm) lateral
expansion.

NCD-2320 IMPACT TEST PROCEDURES

NCD-2321 Types of Tests

NCD-2321.1 For Class 2 Only — Drop Weight Tests.
The drop weight test, when required, shall be performed
in accordance with ASTM E208. Specimen types P‐1, P‐2,
orP‐3maybeused.Whendropweight tests areperformed

to meet the requirements of NCD-2300, the test tempera-
ture and the results shall be reported on the Certified
Material Test Report.

NCD-2321.2 ð23ÞCharpy V‐Notch Tests. The Charpy V‐
notch test (Cv), when required, shall be performed in
accordancewithSA-370. Specimens shall be inaccordance
with SA-370, Figure 11, Type A. A test shall consist of a set
of three full‐size 10mm× 10mm specimens andmeet the
requirements of NCD-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.

NCD-2322 Test Specimens

NCD-2322.1 Location of Test Specimens. Impact test
specimens shall be removed fromadepthwithin themate-
rial that is at least as far from the material surface as that
specified for tensile test specimens in the material spec-
ification. For bolting, the Cv impact test specimens shall be
takenwith the longitudinal axis of the specimen located at
least one‐half radius or 1 in. (25 mm) below the surface
plus the machining allowance per side, whichever is less.
The fracture plane of the specimen shall be at least one
diameter or thickness from the heat-treated end. When
the studs, nuts, or bolts are not of sufficient length, the
midlength of the specimen shall be at the midlength of
the studs, nuts, or bolts. The studs, nuts, or bolts selected
to provide test coupon material shall be identical with
respect to the quenched contour and size except for
length,which shall equal or exceed the length of the repre-
sented studs, nuts, or bolts.

NCD-2322.2 Orientation of Impact Test Specimens.

(a) Orientation of Specimens for Cv Impact Test. Speci-
mens for Cv impact tests shall be oriented as required in
NCD-2200 for the tensile test specimen or, alternatively,
the orientationmaybe in thedirectionofmaximumstress.
Thenotchof theCv specimenshall benormal to the surface
of the material.
(b) For Class 2Only—Orientation of Specimens forDrop

Weight Tests. Specimens for drop weight tests may have
their axes oriented in any direction.

Table NCD-2311-1
For Class 2 Only — Exemptions From Impact Testing

Under NCD-2311(a)(8)

Material [Note (1)]

Material
Condition
[Note (2)]

TNDT, °F (°C)
[Notes (3), (4)]

SA-537, Class 1 N −30 (−35)
SA-516, Grade 70 Q&T −10 (−25)
SA-516, Grade 70 N 0 (−20)
SA-508, Class 1 Q&T +10 (−10)
SA-533, Grade B Q&T +10 (−10)
SA-299 [Note (5)] N +20 (−7)
SA-216, Grades WCB and WCC Q&T +30 (0)
SA-36 (Plate) HR +40 (+5)
SA-508, Class 2 Q&T +40 (+5)

NOTES:
(1) These materials are exempt from toughness testing when LST −

TNDT is satisfied in accordance with the rules established in
Section III Appendices, Nonmandatory Appendix R.

(2) Material Condition letters refer to
N = normalize

Q&T = quench and temper
HR = hot rolled

(3) These values for TNDT were established from data on heavy
section steel [thickness greater than 21∕2 in. (64 mm)]. Values
for sections less than 21∕2 in. (64 mm) thick are held constant
until additional data are obtained.

(4) TNDT = temperature at or above nil‐ductility transition tempera-
tureNDT(ASTME208);TNDT is 10°F (5°C)below the temperature
at which at least two specimens show no‐break performance.

(5) Materials made to a fine-grain melting practice.
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NCD-2330 TEST REQUIREMENTS AND
ACCEPTANCE STANDARDS

NCD-2331 For Class 2 Only— Pressure‐Retaining
Material Test Methods and
Temperature

Pressure‐retaining material shall be impact tested in
accordance with one of the test methods indicated below:
(a) Charpy V‐notch testing at or below the Lowest

Service Metal Temperature5, 6
(b) dropweight testing to show that the Lowest Service

Metal Temperature5 (LST − TNDT3 ) is satisfied in accor-
dancewith the rules established in Section III Appendices,
Nonmandatory Appendix R.

NCD-2332 For Class 2 Only — Specific Test
Methods and Acceptance Standards for
Pressure-Retaining Material for Tests
Based on Lowest Service Metal
Temperatures

NCD-2332.1 Pressure-Retaining Material Other Than
Bolting Material With 21⁄2 in. (64 mm) Maximum Thick-
ness7. Except as limited in NCD-4335, apply one of the
methods of NCD-2331 to test: base material; the base
material, the heat-affected zone, and weld metal for
the weld procedure qualification tests of NCD-4335;
and the weld metal for NCD-2431. The impact test
results shall meet one of the acceptance standards appli-
cable to the specified test method.

(a) Charpy V‐Notch Testing for Lateral Expansion
Values. The test results of the three specimens, collectively
and singly, shall meet the respective requirements of
Table NCD-2332.1-1.
(b) Charpy V‐Notch Testing for Absorbed Energy Values.

The test results of the three specimens, collectively and
singly, shall meet the respective requirements of
Table NCD-2332.1-2.
(c) Drop Weight Testing. An acceptance test shall

consist of at least two no‐break specimens as described
in ASTM E208.

NCD-2332.2 Pressure-Retaining Material Other Than
Bolting Material With Thickness7 Exceeding 21⁄2 in.
(64 mm).

(a) The base material, and the weld procedure quali-
fication weld metal tests of NCD-4335, shall be tested by
the drop weight method as specified in NCD-2321.1 and
NCD-2331(b).
(b) Except as limited in NCD-4335, apply one of the

methods of NCD-2331 to test: the base material and
the heat-affected zone of theweld procedure qualification
tests for NCD-4335; and the weld metal for NCD-2431.
(c) The acceptance standards shall be as given in

NCD-2332.1(a), NCD-2332.1(b), or NCD-2332.1(c), as ap-
plicable.

NCD-2332.3 Bolting Material. For bolting material,
including nuts, studs, and bolts, a Charpy V‐notch test
shall be performed. The tests shall be performed at or
below the Lowest Service Metal Temperature, and all

Table NCD-2311-2
For Class 3 Only — Exemptions From Impact Testing Under NCD-2311(a)(9)

Material

Material
Condition
[Note (1)]

Lowest Service Temperature for the Thickness Shown
Over 5⁄8 in. to 3⁄4 in.
(16 mm to 19 mm),

Incl.

Over 3⁄4 in. to 1 in.
(19 mm to 25 mm),

Incl.

Over 1 in. to 11⁄2 in.
(25 mm to 38 mm),

Incl.

Over11⁄2 in. to21/2 in.
(38 mm to 64 mm),

Incl.
SA-516 Grade 70 N −30°F (−34°C) −20°F (−29°C) 0°F (−18°C) 0°F (−18°C)
SA-537 Class 1 N −40°F (−40°C) −30°F (−34°C) −30°F (−34°C) −30°F (−34°C)
SA-516 Grade 70 Q&T [Note (2)] [Note (2)] [Note (2)] −10°F (−23°C)
SA-508 Class 1 Q&T [Note (2)] [Note (2)] [Note (2)] 10°F (−12°C)
SA-508 Class 2 Q&T [Note (2)] [Note (2)] [Note (2)] 40°F (4°C)
SA-533 Grade B Class 1
[Note (3)]

Q&T [Note (2)] [Note (2)] [Note (2)] 10°F (−12°C)

SA-216 Grades WCB and
WCC

Q&T [Note (2)] [Note (2)] [Note (2)] 30°F (−1°C)

SA-299 [Note (3)] N [Note (2)] [Note (2)] [Note (2)] 20°F (−7°C)

NOTES:
(1) Material Condition letters refer to

N = normalize
Q&T = quench and temper

(2) The Lowest Service Temperature shown in the “Over 11/2 in. to 21/2 in. (38 mm to 64 mm)” column may be used for these thicknesses.
(3) Material made to a fine-grain melting practice.
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three specimens shall meet the requirements of
Table NCD-2332.3-1.

NCD-2333 For Class 3 Only— Pressure-Retaining
Material Test Methods and
Temperature

NCD-2333.1 Pressure-Retaining Material Other Than
Bolting Material. Pressure-retaining material other
than bolting for vessels, tanks, piping (pipe and tubes),
pumps, valves, and fittings shall be tested as required
by (a) and (b).
(a) A Charpy V‐notch test shall be performed at a

temperature lower than or equal to the Lowest Service
Temperature. All three specimens shall meet one of
the acceptance standards applicable to the specific test
method.

(1) Charpy V‐Notch Testing for the Lateral Expansion
Values. The test results of the three specimens, collectively
and singly, shall meet the respective requirements of
Table NCD-2333.1-1.

(2) Charpy V‐Notch Testing for Absorbed Energy
Values. The test results of the three specimens, collectively
and singly, shall meet the respective requirements of
Table NCD-2333.1-2.
(b) The followingmaterials shall be tested as described

in (a):
(1) the base material6
(2) the base material, the heat-affected zone, and

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

(3) the weld metal of NCD-2431

NCD-2333.2 Bolting Material.

For bolting material, including studs, nuts, and bolts, a
Charpy V‐notch test shall be performed at a temperature
equal to or less than the preload temperature or the
Lowest Service Temperature, whichever is less. All
three specimens shall meet the requirements of
Table NCD-2333.2-1.

NCD-2340 NUMBER OF IMPACT TESTS REQUIRED

NCD-2341 Plates

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

NCD-2342 Forgings and Castings

(a) General
(1) Wherean individual forgingorcasting is less than

1,000 lb (450 kg), one test shall bemade to represent each
heat in each heat treatment charge.

(2) When heat treatment is performed in a contin-
uous‐type furnacewith 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).

(3) One test shall bemade for each forging or casting
of 1,000 lb to 10,000 lb (450 kg to 4 500 kg).

(4) As an alternative to (3), 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 tosubstantially the samereductionandworking
as the forgings represented.
(b) For Class 2 Only
(1) 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 test specimens shall be selected so

Table NCD-2332.1-1
ForClass2Only—RequiredCvLateral ExpansionValues
for Pressure-Retaining Material Other Than Bolting

Material

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

Lateral Expansion,
mils (mm)

Average of 3
Specimens

Lowest 1 of 3
Specimens

5∕8 (16) or less [Note (2)] … …
Over 5∕8 to 1 (16 to 25), incl. 20 (0.50) 15 (0.38)
Over 1 to 11∕2 (25 to 38),
incl. 25 (0.64) 20 (0.50)

Over 1 1∕2 to 2 1∕2 (38 to 64),
incl. 35 (0.89) 30 (0.75)

Over 21∕2 (64) [Note (3)] 45 (1.14) 40 (1.0)

GENERAL NOTES:
(a) Where weld metal tests of NCD-2400 are made to these require-

ments, the impact lateral expansion shall conform to the require-
ments of either of the base materials being joined.

(b) Where two base materials having different required lateral
expansion values are joined, the weld metal lateral expansion
requirements of NCD-4330 shall conform to the requirements
of either of the base materials.

NOTES:
(1) For pumps, valves, and fittings, use the nominal pipe wall thick-

ness of the connecting pipe. For vessels, use the least of
(a) themaximumradial thickness of the itemexclusive of inte-

gral butt welded projections
(b) the vessel shell thickness to which the item is welded
(c) the maximum shell thickness associated with the item for

flat heads, tubesheets, or flanges
(2) No test required.
(3) For use with NCD-2332.2(a).
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that an equal number of specimens is obtained from posi-
tions in the forging or casting 180 deg apart.

(2) As an alternative to (1) for static castings, a sepa-
rately cast coupon [NCD-2226(b)(2)] may be used; one
test shall be made for Charpy V‐notch and one test for
drop weight.

(c) For Class 3 Only
(1) Forgings or castings larger than 10,000 lb

(4500 kg) shall have two tests per part for Charpy V‐
notch. The location of Cv impact test specimens shall
be selected so that an equal number of specimens is
obtained from positions in the forging or casting 180
deg apart.

(2) As an alternative to (1) for static castings, a sepa-
rately cast coupon [NCD-2226(b)(2)] may be used; one
test shall be made for Charpy V‐notch.

NCD-2343 Bars

One test shall be made for each lot of bars with a cross‐
sectional area greater than 1 in.2 (650mm2) where a lot is
defined as one heat of material heat treated in one charge
or as one continuous operation, not to exceed 6,000 lb
(2 700 kg).

Table NCD-2332.1-2
For Class 2 Only — Required Cv Energy Values for Pressure-Retaining Material Other Than Bolting Material

Nominal Wall Thickness,
in. (mm) [Note (2)]

Specified Minimum Yield Strength
of Base Material, ksi (MPa)

Energy, ft-lb (J) [Note (1)]
Average of 3
Specimens

Lowest 1 of 3
Specimens

≤5∕8 (≤16) [Note (3)] ≤55 (≤380) … …
>55 to 75 (>380 to 515), incl. … …
>75 to 105 (>515 to 725), incl. … …

>5/8 to 1 (>16 to 25), incl. ≤55 (≤380) 20 (27) 15 (20)
>55 to 75 (>380 to 515), incl. 25 (34) 20 (27)
>75 to 105 (>515 to 725), incl. 30 (41) 25 (34)

>1 to 11∕2 (>25 to 38), incl. ≤55 (≤380) 25 (34) 20 (27)
>55 to 75 (>380 to 515), incl. 30 (41) 25 (34)
>75 to 105 (>515 to 725), incl. 35 (47) 30 (41)

>11∕2 to 21∕2 (>38 to 64), incl. ≤55 (≤380) 35 (47) 30 (41)
>55 to 75 (>380 to 515), incl. 40 (54) 35 (47)
>75 to 105 (>515 to 725), incl. 45 (61) 40 (54)

>21∕2 (>64) [Note (4)] ≤55 (≤380) 45 (61) 40 (54)
>55 to 75 (>380 to 515), incl. 50 (68) 45 (61)
>75 to 105 (>515 to 725), incl. 55 (75) 50 (68)

GENERAL NOTE: Where weldmetal tests of NCD-2400 aremade to these requirements, the impact energy shall conform to the requirements of
either of the base materials being joined.

NOTES:
(1) Where two base materials having different required energy values are joined, the weld metal impact energy requirements of the procedure

qualification tests of NCD-4330 shall conform to the requirements of either of the base materials.
(2) For pumps, valves, and fittings, use the nominal pipe wall thickness of the connecting pipe. For vessels, use the least of

(a) the maximum radial thickness of the item exclusive of integral butt welded projections
(b) the vessel shell thickness to which the item is welded
(c) the maximum shell thickness associated with the item for flat heads, tubesheets, or flanges

(3) No test required.
(4) For use with NCD-2332.2(b).

Table NCD-2332.3-1
For Class 2 Only — Required Cv Values for Bolting
Material Tested in Accordance With NCD-2332.3

Nominal Diameter,
in. (mm)

Lateral Expansion,
mils (mm)

Absorbed Energy,
ft-lb (J)

1 (25) or less No test required No test required
Over 1 through 4
(25 through 100)

25 (0.64) No requirements

Over 4 (100) 25 (0.64) 45 (61)
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NCD-2344 Tubular Products and Fittings

On products which are seamless or welded without
filler metal, one test shall be made from each lot. On
products which are welded with filler metal, one addi-
tional test with the specimens taken from the weld
area shall also be made on each lot. A lot shall be
defined as stated in the applicable material specification,
but in no case shall a lot consist of products from more
than one heat of material and of more than one diameter,
with the nominal thickness of any product included not
exceeding that to be impact tested by more than 1∕4 in.
(6 mm) ; 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.

NCD-2345 Bolting Material

One test shall be made for each lot of material where a
lot is defined as one heat of material heat treated in one
charge or as one continuous operation, not to exceed in
weight the following:

Diameter, in. (mm) Weight, lb (kg)
13∕4 (44) and less 1,500 (680)
Over 13∕4 to 21∕2 (44 to 64) 3,000 (1 350)
Over 21∕2 to 5 (64 to 125) 6,000 (2 700)
Over 5 (125) 10,000 (4 500)

NCD-2350 RETESTS

NCD-2351 Retests forMaterial Other Than Bolting
NCD-2351.1 For Class 2 Only.

(a) For Charpy V‐notch tests required by NCD-2330,
one retest at the same temperature may be conducted,
provided the following conditions are met:

(1) The average value of the test results meets the
ave rage o f t h r ee r equ i r emen t s spe c i f i ed i n
Table NCD-2332.1-1 or Table NCD-2332.1-2, as applica-
ble.

(2) Notmore than one specimenper test is below the
lowest one of three requirements specif ied in
Table NCD-2332.1-1 or Table NCD-2332.1-2, as applica-
ble.

(3) The specimen not meeting the requirements is
not lower than 5 ft-lb (6.8 J) or 5 mils (0.13 mm)
below the lowest one of three requirements specified
in Table NCD-2332.1-1 or Table NCD-2332.1-2, as appli-
cable.
(b) A retest consists of two additional specimens taken

as near as practicable to the failed specimens. For accep-
tance of the retests, both specimens shall be equal to or
greater than the average of three requirements specified
in Table NCD-2332.1-1 or Table NCD-2332.1-2, as appli-
cable.

NCD-2351.2 For Class 3 Only.

(a) For Charpy V‐notch tests required by NCD-2330,
one retest at the same temperature may be conducted,
provided the following conditions are met:

(1) The average value of the test results meets the
average of three requirements specified in Table
NCD-2333.1-1 or Table NCD-2333.1-2, as applicable.

(2) Notmore than one specimenper test is below the
lowest one of three requirements specified in Table
NCD-2333.1-1 or Table NCD-2333.1-2, as applicable.

(3) The specimen not meeting the requirements is
not lower than 5 ft-lb (6.8 J) or 5 mils (0.13 mm)
below the lowest one of three requirements specified
in Table NCD-2333.1-1 or Table NCD-2333.1-2, as appli-
cable.

Table NCD-2333.1-1
For Class 3Only—Required C

v
Lateral ExpansionValues

for Pressure-Retaining Material Other Than Bolting
Material

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

Lateral Expansion,
mils (mm)

Average
of 3

Specimens

Lowest
1 of 3

Specimens
5/8 (16) or less [Note (2)] ... ...
Over 5/8 to 3/4 (16 to 19), incl. 13 (0.33) 10 (0.25)
Over 3/4 to 1 (19 to 25), incl. 15 (0.38) 10 (0.25)
Over 1 to 11/2 (25 to 38), incl. 20 (0.50) 15 (0.38)
Over 11/2 to 21/2 (38 to 64), incl. 25 (0.64) 20 (0.50)
Over 21/2 (64) 30 (0.75) 25 (0.64)

GENERAL NOTES:
(a) When two base materials having different specified minimum

lateral expansion values are joined, the weld impact lateral
expansion requirements of the welding procedure qualification
(NCD-4330) shall conform to the requirements of either of the
base materials.

(b) When the weld metal tests of NCD-2400 are performed to these
requirements, the impact lateral expansion shall conform to the
requirements of either of the base materials being joined.

NOTES:
(1) See (a) through (d) below.

(a) For pumps, valves, and fittings, use the largest nominal
wall thickness of the connecting pipes.
(b) For vessels and tanks, use the nominal thickness of the

shell or head, as applicable.
(c) For nozzles or other itemswelded to vessels, use the lesser

of the vessel shell thickness to which the item is welded or the
maximum radial thickness of the item exclusive of integral shell
butt-welding projections.
(d) For flat heads, tubesheets, or flanges, use the maximum

shell thickness associated with the butt-welding hub.
(2) No test required.
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(b) A retest consists of two additional specimens taken
as near as practicable to the failed specimens. For accep-
tance of the retests, both specimens shall be equal to or
greater than the average of three requirements specified
in Table NCD-2333.1-1 or Table NCD-2333.1-2, as appli-
cable.

NCD-2352 Retests for Bolting Material

(a) For Charpy V‐notch tests required by NCD-2330,
one retest at the same temperature may be conducted,
provided the following conditions are met:

Table NCD-2333.1-2
For Class 3 Only — Required C

v
Energy Values for Pressure-Retaining Material Other Than Bolting Material

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

Specified Minimum Yield Strength
of Material, ksi (MPa)

Energy, ft-lb (J)
Average of 3
Specimens

Lowest 1 of 3
Specimens

≤5/8 (≤16) [Note (2)] ≤40 (≤275) … …
>40 to 55 (>275 to 380), incl. … …
>55 to 105 (>380 to 725), incl. … …

>5/8 to 3/4 (>16 to 19), incl. ≤40 (≤275) 13 (18) 10 (14)
>40 to 55 (>275 to 380), incl. 15 (20) 10 (14)
>55 to 105 (>380 to 725), incl. 20 (27) 15 (20)

>3/4 to 1 (>19 to 25), incl. ≤40 (≤275) 15 (20) 10 (14)
>40 to 55 (>275 to 380), incl. 20 (27) 15 (20)
>55 to 105 (>380 to 725), incl. 25 (34) 20 (27)

>1 to 11/2 (>25 to 38), incl. ≤40 (≤275) 20 (27) 15 (20)
>40 to 55 (>275 to 380), incl. 25 (34) 20 (27)
>55 to 105 (>380 to 725), incl. 30 (41) 25 (34)

>11/2 to 21/2 (>38 to 64), incl. ≤40 (≤275) 25 (34) 20 (27)
>40 to 55 (>275 to 380), incl. 35 (48) 30 (41)
>55 to 105 (>380 to 725), incl. 40 (54) 35 (48)

>21/2 (>64) ≤40 (≤275) 30 (41) 25 (34)
>40 to 55 (>275 to 380), incl. 40 (54) 35 (48)
>55 to 105 (>380 to 725), incl. 45 (61) 40 (54)

GENERAL NOTES:
(a) When two basematerials having different specifiedminimum energy values are joined, theweld impact energy requirements of thewelding

procedure qualification (NCD-4330) shall conform to the requirements of either of the base materials.
(b) When theweldmetal tests of NCD-2400 are performed to these requirements, the impact energy shall conform to the requirements of either

of the base materials being joined.

NOTES:
(1) See (a) through (d) below.

(a) For pumps, valves, and fittings, use the largest nominal wall thickness of the connecting pipes.
(b) For vessels and tanks, use the nominal thickness of the shell or head, as applicable.
(c) For nozzles or other items welded to vessels, use the lesser of the vessel shell thickness to which the item is welded or the maximum

radial thickness of the item exclusive of integral shell butt-welding projections.
(d) For flat heads, tubesheets, or flanges, use the maximum shell thickness associated with the butt-welding hub.

(2) No test required.

Table NCD-2333.2-1
For Class 3 Only — Required C

v
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 through 4
(25 through 100)

15 (0.38) 30 (41)

Over 4 (100) 20 (0.50) 35 (48)
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(1) Notmore than one specimenper test is below the
acceptance requirements.

(2) The specimen not meeting the acceptance re-
quirements is not lower than 5 ft-lb (6.8 J) or 5 mils
(0.13 mm) below the acceptance requirements.
(b) A retest consists of two additional specimens taken

as near as practicable to the failed specimens. For accep-
tance of the retests, both specimens shall meet the speci-
fied acceptance requirements.

NCD-2360 CALIBRATION OF INSTRUMENTS AND
EQUIPMENT

Calibration of temperature instruments and Cv impact
testmachines used in impact testing shall be performed at
the frequency specified in (a) or (b) below.
(a) Temperature instruments used to control test

temperature of specimens shall be calibrated and the
results recorded to meet the requirements of NCA-
4258.2 at least once in each 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).

NCD-2400 WELDING MATERIAL

NCD-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 NCD-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 [NCD-2431.1(e)] of

thematerial in either the as‐welded or heat-treated condi-
tion, or both [NCD-2431.1(c)];

(5) forClass 2only, dropweight test results formate-
rial in either the as‐welded or heat-treated condition, or
both (NCD-2332);

(6) Charpy V‐notch test results for material in either
the as-welded or heat-treated condition, or both
(NCD-2331 for Class 2 or NCD-2333 for Class 3); both

the test temperature and either the lateral expansion
or the absorbed energy shall be provided;

(7) the preheat and interpass temperatures to be
used during welding of the test coupon [NCD-2431.1(c)];

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

(9) elements for which chemical analysis is required
per the SFA specification or WPS, and NCD-2432;

(10) minimum delta ferrite (NCD-2433).

NCD-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
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) eachLotClass 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 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 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
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consumables. Tests performed on welding material in the
qualification of weld procedures will satisfy the testing
requirements for the lot, heat, or combination of heat
and batch of welding material used, provided the tests
required by Article NCD-4000 and this subarticle are
made and the results conform to the requirements of
this Article.

NCD-2430 WELD METAL TESTS

NCD-2431 Mechanical Properties Test

Tensile and impact tests shall be made in accordance
with this paragraph, of welding materials which are used
to join P‐Nos. 1, 3, 4, 5, 6, 7, 9, and 11 basematerials 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

ma te r i a l s exempted f rom impac t t e s t i ng by
NCD-2311(a)(1) through NCD-2311(a)(7) or by
NCD-2311(a)(8)(-b) for Class 2 or NCD-2311(a)(9)(-b)
for Class 3 shall also be exempted from the impact
testing required by this paragraph.

NCD-2431.1 General Test Requirements. The welding
test coupon shall be made in accordance with (a) through
(f) below, using eachprocesswithwhich theweldmaterial
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 substantially eliminate 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 time2 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 NCD-4622.1-1 or Table
NCD-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 NCD-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

when required, shall be located and prepared in accor-
dance with the requirements of SFA-5.1 or the applicable
SFA Specification. Drop weight impact test specimens,
where required, shall be oriented so that the longitudinal
axis is transverse to the weld, with the notch in the weld
face or in a plane parallel to the weld face. For impact
specimen preparation and testing, the applicable parts
of NCD-2321.1 and NCD-2321.2 shall apply. The longitu-
dinal axis of the specimen shall be at a minimum depth of
1∕4t froma surface,where t is the thickness of the testweld.
(e) One all‐weld‐metal tensile specimen shall be tested

and shall meet the specifiedminimum tensile strength re-
quirements of the basematerial specification.Where base
materials of different specifications are to be welded, the
tensile strength requirements shall conform to the speci-
fiedminimumtensile strength requirementof eitherof the
base material specifications.
(f) Impact specimens of the weld metal shall be tested

where impact tests are required for either of the base
materials of the production weld. The weld metal shall
conform to the parts of NCD-2331, NCD-2332, or
NCD-2333applicable to thebasematerial.Wheredifferent
requirements exist for the two base materials, the weld
metalmayconformtoeitherof the requirements foreither
base material.

NCD-2431.2 StandardTestRequirements. In lieu of the
use of the General Test Requirements specified in
NCD-2431.1, tensile and impact tests may be made in
accordance with this subparagraph where they are
required for mild and low alloy steel covered electrodes.
The material combinations to require weld material
testing, as listed in NCD-2431, shall apply for this
option. The limitations and testing under this option
shall be in accordance with (a) through (f) below.
(a) Testing to the requirements of this subparagraph

shall be limited to electrode classifications included in
SFA-5.1 or SFA-5.5.
(b) The assembly required by SFA-5.1 or SFA-5.5, as

applicable, shall be used for test coupon preparation,
except that it shall be increased in size to obtain the
number of impact specimens required by NCD-2331,
NCD-2332, or NCD-2333, as applicable.
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(c) The welding of the test coupon shall conform to the
requirements of the SFA specification for the classification
of electrodebeing tested. Coupons shall be tested in theas‐
welded condition and also the postweld heat-treated
condition. The postweld heat treatment temperatures
shall be in accordance with Table NCD-4622.1-1 for
the applicable P‐Number equivalent. The time at postweld
heat treatment temperature shall be 8 hr (this qualifies
postweld heat treatments of 10 hr or less).When the post-
weld heat treatment of the productionweld exceeds 10 hr
or the PWHT temperature is other than that required, the
general test of NCD-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 NCD-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 NCD-2431.1(f) shall be appli-

cable to the impact testing.

NCD-2432 Chemical Analysis Test

Chemical analysis of filler metal or weld deposits shall
bemade in accordancewith NCD-2420 and as required by
the following subparagraphs.

NCD-2432.1 Test Method. The chemical analysis test
shall be performed in accordance with this subparagraph
and Table NCD-2432.1-1, and the results shall conform to
NCD-2432.2.
(a) A‐No. 8weldingmaterial to be usedwithGTAWand

PAWprocesses and any otherweldingmaterial to be used
with any GTAW, PAW, or GMAWprocess shall have chem-
ical analysis performed either on the filler metal or on a
welddepositmadewith the fillermetal in accordancewith
(c) or (d) below.
(b) A‐No. 8weldingmaterial to be usedwith other than

the GTAWand PAWprocesses and otherweldingmaterial
to be used with other than the GTAW, PAW, or GMAW
process shall have chemical analysis performed on a
weld deposit of the material or combination of materials

being certified in accordance with (c) or (d) below. The
removal of chemical analysis samples shall be from an
undiluted weld deposit made in accordance with (c)
below. As an alternative, the deposit shall be made in
accordance with (d) below for material that will be
used for corrosion resistant overlay cladding. Where
theWelding Procedure Specification or theweldingmate-
rial specification specifies percentage composition limits
for analysis, it shall state that the specified limits apply for
the filler metal analysis, the undiluted weld deposit
analysis, or the in situ cladding deposit analysis in confor-
mance with the above required certification testing.
(c) The preparation of samples for chemical analysis of

undiluted weld deposits shall comply with the method
given in the applicable SFA specification. Where a weld
deposit method is not provided by the SFA specification,
the sample shall be removed from a weld pad, groove, or
other test weld8 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
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 aweldingmaterial which does
not have a mechanical properties test requirement, a
chemical analysis test coupon shall be prepared as
required by NCD-2431.1(c), except that heat treatment
of the coupon is not required and the weld coupon thick-
ness requirements of NCD-2431.1(c) do not apply.
(d) The alternate method provided in (b) above for the

preparation of samples for chemical analysis of welding
material to be used for corrosion resistant overlay clad-
ding shall require a test weldmade in accordancewith the
essential variables of the welding procedure specification
that will be followed when the welding material is
consumed. The test weld shall be made in conformance
with the requirements of Section IX, QW‐214.1. The
removal of chemical analysis samples shall conform
with Section IX, QW‐453 for the minimum thickness
forwhich theWeldingProcedureSpecification isqualified.

NCD-2432.2 Requirements for Chemical Analysis.The
chemical elements to be determined, the composition re-
quirements of theweldmetal, and the recording of results
of the chemical analysis shall be in accordance with (a),
(b), and (c) below.
(a) Welding material of ferrous alloy A‐No. 8 (Section

IX,TableQW-442) shall beanalyzed for theelements listed
in Table NCD-2432.2-1 and for any other elements speci-
fied either in the welding material specification refer-
enced by the Welding Procedure Specification or in the
Welding Procedure Specification.

Table NCD-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

ASME BPVC.III.1.NCD-2023

22

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.1.

NCD (A
SME BPVC Sec

tio
n I

II D
ivis

ion
 1 

Sub
se

cti
on

 N
CD) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NCD (ASME BPVC Section III Division 1 Subsection NCD) 2023.pdf


(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‐3862.1. Elements
listed in Table NCD-2432.2-1 but not specified in the
welding material specification or Welding Procedure
Specification shall be reported for information only.

NCD-2433 Delta Ferrite Determination

Adeterminationofdelta ferrite shall beperformedonA‐
No. 8 weld material (Section IX, Table QW-442) backing
filler metal (consumable inserts); bare electrode, rod, or
wire filler metal; or weld metal, except that delta ferrite
determinations are not required for SFA-5.4 Type 16‐8‐2
or A‐No. 8weld fillermetal to be used for weldmetal clad-
ding.

NCD-2433.1 Method. Delta ferrite determinations of
welding material, including consumable insert material,
shall be made using a magnetic measuring instrument
and weld deposits made in accordance with (b) below.
Alternatively, the delta ferrite determinations for
welding materials may be performed by the use of the
chemical analysis of NCD-2432 in conjunction with
Figure NCD-2433.1-1.
(a) Calibration of magnetic instruments shall conform

to AWS A4.2.
(b) The weld deposit for magnetic delta ferrite deter-

m ina t i on sha l l be made in ac co rdance w i th
NCD-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).

NCD-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 Certified
Material Test Report of NCD-2130 or NCD-4120.

NCD-2440 STORAGEANDHANDLINGOFWELDING
MATERIAL

Suitable storage and handling of electrodes, flux, and
other welding materials shall be maintained. Precautions
shall be taken to minimize absorption of moisture by
fluxes and cored, fabricated, and coated electrodes.

NCD-2500 EXAMINATION AND REPAIR OF
PRESSURE-RETAINING MATERIAL

NCD-2510 PRESSURE-RETAINING MATERIAL

Pressure-retaining material shall be examined and
repaired in accordance with the material specification
and as otherwise required by this subarticle. Pressure-
retainingmaterial for ASMEB16.34 Special Class category
valves (NCD-3513) shall be examined and repaired in
accordance with the requirements therein and as other-
wise required by this subarticle. If the examination and
repair requirements of this subarticle either duplicate or
exceed the ASME B16.34 requirements, then only the re-
quirements of this subarticle need to be met. Size exclu-
sions or quality factor pressure ratings of this subarticle
shall not be applied so as to reduce the examination re-
quirements of ASME B16.34 for Special Class category
valves.

NCD-2530 EXAMINATION AND REPAIR OF PLATE

NCD-2531 Required Examination

Plates shall be examined in accordance with the re-
quirements of the material specification.

NCD-2537 Time of Examination

Acceptance examinations shall beperformedat the time
of manufacture as required in (a) through (c) below.
(a) Examinations required by the material specifica-

tion shall be performed at the time of manufacture as
specified in the material specification.
(b) Radiographic examination of repair welds, when

required, may be performed prior to any required post-
weld heat treatment.
(c) Magnetic particle or liquid penetrant examination

of repairwelds shall beperformedafter any requiredpost-
weld heat treatment, except for P‐No. 1 material, which
may be examined before or after any required postweld
heat treatment.

NCD-2538 Elimination of Surface Defects

Surface defects shall be removed by grinding or
machining, provided the requirements of (a) and (b)
below are met:
(a) The depression, after defect elimination, is blended

uniformly into the surrounding surface.

Table NCD-2432.2-1
Welding Material Chemical Analysis

Materials Elements
Cr–Ni stainless materials C, Cr, Mo, Ni, Mn, Si, Cb
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(b) When the elimination of the defect reduces the
thickness of the section below the minimum required
by the design, thematerial shall be repaired in accordance
with NCD-2539.

NCD-2539 Repair by Welding

TheMaterial Organizationmay repair byweldingmate-
rials fromwhich defects have been removed, provided the
depth of the repair cavity does not exceed one‐third of the
nominal thickness and the requirements of the following
subparagraphs are met. Prior approval of the Certificate
Holder shall be obtained for the repair of plates to be used
in the manufacture of vessels.

NCD-2539.1 Defect Removal. The defect shall be
removed or reduced to an imperfection of acceptable
limit by suitable mechanical or thermal cutting or

gouging methods and the cavity prepared for repair
(NCD-4211.1).

NCD-2539.2 Qualification of Welding Procedures and
Welders. The welding procedure and welders or welding
operators shall be qualified in accordance with
Article NCD-4000 and Section IX.

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

NCD-2539.4 ExaminationofRepairWelds.Each repair
weld shall be examined by the magnetic particle method
(NCD-2545) or by the liquid penetrant method
(NCD-2546). In addition, when the depth of the repair
cavity exceeds the lesser of 3∕8 in. (10 mm) or 10% of
the section thickness, the repair weld shall be radio-
graphed in accordance with and to the applicable accep-
tance standards of NCD-5320. The image quality indicator

Figure NCD-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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(IQI) shall be based upon the section thickness of the
repaired area.

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

NCD-2539.6 Material Report Describing Defects and
Repair. Each defect repair that is required to be radio-
graphed shall be described in the Certified Material
Test Report. The Certified Material Test Report for
each piece shall include a chart which shows the location
and size of the prepared cavity, theweldingmaterial iden-
tification, theweldingprocedure, theheat treatment, anda
report of the results of the examinations, including radio-
graphs.

NCD-2540 EXAMINATION AND REPAIR OF
FORGINGS AND BARS

NCD-2541 Required Examinations

Forgings and bars shall be examined in accordancewith
the requirements of the material specification, except
when magnetic particle or liquid penetrant examination
is specifically required by the rules of this Subsection, in
which case the examination shall conform to the require-
ments of NCD-2545 or NCD-2546, as applicable.

NCD-2545 Magnetic Particle Examination

NCD-2545.1 Examination Procedure. The procedure
for magnetic particle examination shall be in accordance
with the methods of Section V, Article 7.

NCD-2545.2 Evaluation of Indications.

(a) Mechanical discontinuities at the surface are
revealed by the retention of the examination medium.
All indications are not necessarily defects, however,
since certain metallurgical discontinuities and magnetic
permeability variations may produce similar indications
which are not relevant.
(b) Any indication in excess of the NCD-2545.3 accep-

tance standards which is believed to be nonrelevant shall
be reexaminedby the sameor other nondestructive exam-
inationmethods toverifywhetherornot actual defects are
present. Surface conditioning may precede the reexami-
nation. Nonrelevant indications which would mask
defects are unacceptable.
(c) Relevant indications are those which result from

imperfections. Linear indications are those indications
in which the length is more than three times the
width. Rounded indications are indications which are
circular or elliptical with the length equal to or less
than three times the width. Indications resulting from
nonmetallic inclusions are not considered relevant indi-
cations.

NCD-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.

NCD-2546 Liquid Penetrant Examinations

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

NCD-2546.2 Evaluation of Indications.

(a) Mechanical discontinuities at the surface are
revealed by bleeding out of the penetrant; however, loca-
lized surface discontinuities, such as may occur from
machining marks or surface conditions, may produce
similar indications which are not relevant.
(b) Any indication in excess of the NCD-2546.3 accep-

tance standards, which is believed to be nonrelevant, shall
be reexamined to verify whether or not actual defects are
present. Surface conditioning may precede the reexami-
nation. Nonrelevant indications and broad areas of
pigmentation which would mask defects are unaccept-
able.
(c) Relevant indications are those which result from

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

NCD-2546.3 Acceptance Standards.

(a) Only imperfections producing indications with
major dimensions greater than 1∕16 in. (1.5 mm) shall
be considered relevant.
(b) Imperfections producing the following relevant

indications are unacceptable:
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(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.

NCD-2547 Time of Examination

The requirements for time of examination shall be the
same as stated in NCD-2537 except that
(a) magnetic particle or liquid penetrant examination

shall be performed in the finished condition
(b) forgedandrolledbars that are tobeboredor turned

to formtubularproductsor fittings shall beexaminedafter
boring or turning, except for threaded or drilled holes

NCD-2548 Elimination of Surface Defects

(a) Unacceptable surface defects shall be removed by
grinding or machining, provided the requirements of (1)
through (4) below are met.

(1) The remaining thickness of the section is not
reduced below that required by Article NCD-3000.

(2) The depression, after defect elimination, is
blended uniformly into the surrounding surface.

(3) After defect elimination, the area is reexamined
by the magnetic particle method in accordance with
NCD-2545 or the liquid penetrant method in accordance
with NCD-2546 to ensure that the defect has been
removed or the indication reduced to an acceptable size.

(4) 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 method.
(b) When the elimination of the defect reduces the

thickness of the section below the minimum required
to satisfy Article NCD-3000, the product shall be repaired
in accordance with NCD-2549.

NCD-2549 Repair by Welding

TheMaterial Organizationmay repair byweldingmate-
rial from which defects have been removed, provided the
requirements of NCD-2549.1 through NCD-2549.6 are
met.

NCD-2549.1 Defect Removal. The defect shall be
removed or indication reduced to an acceptable size
by suitable mechanical or thermal cutting or gouging
methods and the cavity prepared for repair (NCD-4211.1).

NCD-2549.2 Qualification of Welding Procedures and
Welders. The welding procedure and welders or welding
operators shall be qualified in accordance with
Article NCD-4000 and Section IX.

NCD-2549.3 Blending of Repaired Areas. After repair,
the surface shall be blended uniformly into the
surrounding surface.

NCD-2549.4 ExaminationofRepairWelds.Each repair
weld shall be examined by the magnetic particle method
(NCD-2545) or by the liquid penetrant method
(NCD-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 NCD-5320.
The image quality indicator (IQI) and the acceptance stan-
dards for radiographic examination of repair welds shall
be based on the section thickness at the repaired area.

NCD-2549.5 Heat Treatment After Repairs. The
product shall be heat treated after repair in accordance
with the heat treatment requirements of NCD-4620.

NCD-2549.6 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.

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

NCD-2551 Required Examination
NCD-2551.1 For Class 2 Only.

(a) All seam welds in welded (without filler metal)
tubularproducts shall be examinedbyoneof the following
methods:

(1) ultrasonic examination in accordance with
NCD-2552;

(2) radiographic examination in accordance with
NCD-2553;

(3) eddy current examination in accordance with
NCD-2554.
(b) Wrought seamless and welded (without filler

metal) tubular products and fittings, except copper
alloy and nickel alloy tubular products and fittings,
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shall comply with the requirements of NCD-2557,
NCD-2558, and NCD-2559, in addition to the basic mate-
rial specification.
(c) Copper alloy and nickel alloywrought seamless and

welded (without fillermetal) tubular products and fittings
shall comply with the requirements of NCD-2558, in addi-
tion to the basic material specification.

NCD-2551.2 For Class 3 Only. Wrought seamless and
welded (without fillermetal) tubular products and fittings
shall comply with the requirements of NCD-2557,
NCD-2558, andNCD-2559 in addition to the basicmaterial
specification.

NCD-2552 For Class 2 Only — Ultrasonic
Examination9

NCD-2552.1 Examination Procedure for Welds in Pipe
and Tubing.

(a) Circumferential Direction — 63∕4 in. (170 mm) O.D.
and Smaller. The welds in pipe and tubing shall be exam-
ined in two circumferential directions. The procedure for
ultrasonic examination of pipe and tubing in the circum-
ferential direction shall be in accordance with SE‐213,
Standard Method for Ultrasonic Examination of Pipe
and Tubing for Longitudinal Discontinuities, and the re-
quirementsof thisparagraph.Theprocedure shall provide
a sensitivity which will consistently detect defects that
produce indications equal to or greater than the indica-
tions produced by standard defects included in the refer-
ence specimens specified in NCD-2552.3.
(b) Pipe and Tubing Larger Than 63∕4 in. (170 mm) O.D.

The welds in pipe and tubing shall be examined in two
circumferential directions. The procedure for ultrasonic
examination of pipe and tubing larger than 63∕4 in. (170
mm) O.D. shall be in accordance either with the require-
ments of SA-388 for angle beam scanning in the circum-
ferential direction, or with the requirements of SE‐213.
The reference standard shall be in accordance with
NCD-2552.3.
(c) Acceptance Standard. Products with defects that

produce indications in excess of the indications produced
by the standard defects in the reference specimen are un-
acceptable unless the defects are eliminated or repaired in
accordance with NCD-2558 or NCD-2559.

NCD-2552.2 Examination Procedure for Welds in
Fittings.

(a) Procedure. The procedure for ultrasonic examina-
tion of welds in fittings shall be in accordance with the
requirements of Recommended Practice SA-388 for
anglebeamexamination in twocircumferential directions.
(b) Acceptance Standard. Fittings shall be unacceptable

if angle beam examination results show one or more
reflectors which produce indications exceeding in ampli-
tude the indications from the calibrated notch.

NCD-2552.3 Reference Specimens.

(a) The reference specimen shall be of the same
nominal diameter and thickness and of the same
nominal composition and heat-treated condition as the
product which is being examined. For circumferential
scanning, the standard defects shall be axial notches or
grooveson theoutsideand inside surfacesof the reference
specimen and shall have a length of approximately 1 in.
(25mm)or less, awidthnot toexceed 1∕16 in. (1.5mm) fora
squarenotchorU‐notch, awidthproportional to thedepth
for a V‐notch, and a depth not greater than the larger of
0.004 in. (0.10 mm) or 5% of the nominal wall thickness.
(b) The reference specimen shall be long enough to

simulate the handling of the product being examined
through the examination equipment. When more than
one standard defect is placed in a reference specimen,
the defects shall be located so that indications from
eachdefect are separateanddistinctwithoutmutual inter-
ference or amplification. All upset metal and burrs adja-
cent to the reference notches shall be removed.

NCD-2552.4 Checking and Calibration of Equipment.
The proper functioning of the examination equipment
shall be checked, and the equipment shall be calibrated
by the use of the reference specimens, as a minimum:
(a) at the beginning of each production run of a given

size and thickness of a given material;
(b) after each 4 hr or less during the production run;
(c) at the end of the production run;
(d) at any time that malfunctioning is suspected.

If, duringanycheck, it is determined that the testingequip-
ment isnot functioningproperly, all of theproduct thathas
been tested since the last valid equipment calibration shall
be reexamined.

NCD-2553 For Class 2 Only — Radiographic
Examination

(a) General . When radiographic examination is
performed as an alternative to ultrasonic examination
of the entire volume of the material, it shall apply to
the entire volume of the pipe, tube, or fitting material.
Acceptance standards specified for welds shall apply to
the entire volume of material examined.
(b) Examination Procedure. The radiographic examina-

tion shall be performed in accordance with Section V,
Article 2, as modified by NCD-5111.1.
(c) Acceptance Standard. Welds that are shown by

radiography to have any of the following types of discon-
tinuities are unacceptable:

(1) any type of crack or zone of incomplete fusion or
penetration;

(2) anyotherelongated indicationwhichhasa length
greater than:

(-a) 1∕4 in. (6 mm) for t up to 3∕4 in. (19mm), inclu-
sive
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(-b) 1∕3t for t from3∕4 in. (19mm) to21∕4 in. (57mm),
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, Mandatory
Appendix VI.

NCD-2554 For Class 2 Only — Eddy Current
Examination

This examinationmethod is restricted tomaterialswith
uniformmagnetic properties and of sizes for whichmean-
ingful results can be obtained.

NCD-2554.1 Examination Procedure. The procedure
for eddy current examination shall provide a sensitivity
that will consistently detect defects by comparison with
the standard defects included in the reference specimen
specified in NCD-2552.3. Products with defects that
produce indications in excess of the reference standards
are unacceptable unless the defects are eliminated or
repaired in accordance with NCD-2558 or NCD-2559
as applicable.

NCD-2554.2 Reference Specimens. The reference
specimenshall be of the samenominal diameter and thick-
ness and of the same nominal composition and heat-
treated condition as the product that is being examined.
The standard shall contain tangential or circumferential
notches on the outside surface plus a 1∕16 in. (1.5 mm)
diameter hole drilled through the wall. These shall be
used to establish the rejection level for the product to
be tested. The reference notches shall have a depth
not greater than the larger of 0.004 in. (0.10 mm) or
5% of the wall thickness. The width of the notch shall
not exceed 1∕16 in. (1.5 mm). The length shall be approxi-
mately 1 in. (25 mm) or less. The size of reference speci-
mens shall be as specified in NCD-2552.3.

NCD-2554.3 Checking and Calibration of Equipment.
The checking and calibration of examination equipment
shall be the same as in NCD-2552.4.

NCD-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) Magnetic particle or liquid penetrant examina-

tion of welds, including repair welds, shall be performed
after final heat treatment, except that the examination

may be performed prior to postweld heat treatment
for P‐No. 1 (Section IX of the Code) materials of 2 in.
(50 mm) and less nominal thickness.

(2) Forgingsandrolledbars that are 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.

(3) When surface examination is required, all
external surfaces and all accessible internal surfaces
shall be examined, except for bolt holes and threads.

(4) In Addition for Class 2 Only
(-a) Ultrasonic or eddy current examination,when

required, shall be performed after final heat treatment,
except postweld heat treatment.

(-b) Radiographic examination, when required,
may be performed prior to any required postweld heat
treatment.

NCD-2558 Elimination of Surface Defects

Surface defects shall be removed by grinding or
machining, provided the requirements of (a) through
(c) below are met.
(a) The depression, after defect elimination, is blended

uniformly into the surrounding surface.
(b) Afterdefect elimination, the area is examinedby the

method which originally disclosed the defect to assure
that the defect has been removed or reduced to an imper-
fection of acceptable size.
(c) If the eliminationof thedefect reduces the thickness

of the section below the minimum required to satisfy the
rules of Article NCD-3000, the product shall be repaired in
accordance with NCD-2559.

NCD-2559 Repair by Welding

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

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

NCD-2561 Required Examination
NCD-2561.1 For Class 2 Only.

(a) Welded (with fillermetal) tubular products, such as
pipemade inaccordancewithSA-358, SA-409, SA-671, SA-
672, and SA-691 and fittings made in accordance with the
WPW grades of SA-234, SA-403, and SA-420, which are
madebyweldingwith fillermetal, shall be treatedasmate-
rial. However, inspection by an Inspector and stamping
with the Certification Mark with NPT Designator shall
be inaccordancewithSection III requirements. In addition
to theCertificationMarkwithNPTDesignator, anumeral 2
shall be stamped below and outside the official Certifica-
tion Mark.

ASME BPVC.III.1.NCD-2023

28

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.1.

NCD (A
SME BPVC Sec

tio
n I

II D
ivis

ion
 1 

Sub
se

cti
on

 N
CD) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NCD (ASME BPVC Section III Division 1 Subsection NCD) 2023.pdf


(b) In addition to the requirements of the material
specification and of this Article, all welds shall be exam-
ined 100% by radiography in accordance with the basic
material specification. When radiographic examination is
not specified in the basic material specification, the welds
shall be examined in accordance with NCD-2563.
(c) Tubular products and fittings which have been

radiographed shall be marked to indicate that radio-
graphy has been performed. The radiographs and a radio-
graphic report showing exposure locations shall be
provided with the Certified Material Test Report.
(d) The Authorized Inspector shall certify by signing

the Partial Data Report FormNM-1 (see Section III Appen-
dices, Mandatory Appendix V) in accordance with NCA‐
5290.

NCD-2561.2 For Class 3 Only.

(a) Welded (with fillermetal) tubular products such as
pipe made in accordance with SA-134, SA-358, SA-409,
SA-671, SA-672, and SA-691 and fittings made in accor-
dance with the WPW grades of SA-234, SA-403, and SA-
420 that are made by welding with filler metal shall be
treated as materials. However, inspection by an Inspector
and stampingwith the CertificationMarkwith NPTDesig-
nator shall be in accordancewith Section III requirements.
In addition to the CertificationMarkwith NPTDesignator,
the numeral 3 shall be stamped below and outside the
official Certification Mark.
(b) In addition to the requirements of the material

specification, tubular products shall comply with this
Article.
(c) Weld joint efficiency factors listed in Section II, Part

D, Subpart 1, Tables 1A and 1B shall apply.
(d) Tubular products and fittings that have been radio-

graphed shall be marked to indicate that radiography has
been performed. The radiographs and a radiographic
report showing exposure locations shall be provided
with the Certified Material Test Report.
(e) The Authorized Inspector shall certify by signing

the Partial Data Report FormNM-1 (see Section III Appen-
dices, Mandatory Appendix V) in accordance with NCA-
5290.

NCD-2563 For Class 2 Only — Radiographic
Examination

The radiographic examination shall be performed in
accordance with the requirements of NCD-2553.

NCD-2567 Time of Examination

The time of examination shall be in accordancewith the
requirements of NCD-2557.

NCD-2568 Elimination of Surface Defects

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

NCD-2569 Repair by Welding

When permitted by the basic material specification,
basematerial defects shall be repairwelded in accordance
to the requirements of NCD-2559. Repair welding of weld
seam defects shall be in accordance with NCD-4450.

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

In addition to the requirements of the material speci-
fication and of this Article NCD-2000, statically and centri-
fugally cast products shall comply with the following
paragraphs.

NCD-2571 Required Examination
NCD-2571.1 For Class 2 Only.

(a) Castproducts shall beexaminedbyvolumetric and/
or surface methods, including repairs, as required for the
product form by Table NCD-2571.1-1.
(b) For cast valves furnished to ASME B16.34 Special

Class category, neither the size exclusions nor the quality
factor pressure ratings of Table NCD-2571.1-1 shall be
applied so as to reduce the required examinations of
that Standard. The required examinations by ASME
B16.34 for Special Class category valves shall be
performed in accordance with the procedures and accep-
tance standards of this Subsection.

NCD-2571.2 For Class 3 Only.

(a) Castproducts shall beexaminedbyvolumetric and/
or surface methods, including repairs, as required for the
product form by Table NCD-2571.2-1.
(b) For cast valves furnished to ASME B16.34 Special

Class category, neither the size exclusions nor the quality
factor pressure ratings of Table NCD-2571.2-1 shall be
applied so as to reduce the required examinations of
that Standard. The required examinations by ASME
B16.34 for Special Class category valves shall be
performed in accordance with the procedures and accep-
tance standards of this Subsection.

NCD-2572 Time of Nondestructive Examination

NCD-2572.1 Acceptance Examinations. Acceptance
examinations shall be performed at the time of manufac-
ture as st ipulated in the fol lowing and Table
NCD-2571.1-1 for Class 2 or Table NCD-2571.2-1 for
Class 3.
(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.

ASME BPVC.III.1.NCD-2023

29

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.1.

NCD (A
SME BPVC Sec

tio
n I

II D
ivis

ion
 1 

Sub
se

cti
on

 N
CD) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NCD (ASME BPVC Section III Division 1 Subsection NCD) 2023.pdf


Table NCD-2571.1-1
Required Examinations for Class 2 Castings

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

Cast pipe fittings, pumps, and
valves

None, except for ASME B16.34 Special Class category valves which shall be
in accordance with NCD-2571.1(b).

Cast pressure-retaining
material other than pipe
fittings, pumps, and valves

Cast pressure-retainingmaterials shall be examined by either radiographic
or ultrasonic methods, or a combination of the twomethods. Castings or
sections of castings,which have coarse grains or configurationswhich do
not yield meaningful results by ultrasonic examination, shall be
examined by radiographic methods (NCD-2575).

Repair welds in pumps and
valves of P‐No. 1 or P‐No. 8
material

None

Repair welds in cast pressure-
retaining material other than
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 liquidpenetrantmethod. Inaddition,whenradiographyof the casting
is required, repairwelds in cavities, the depthofwhich exceeds the lesser
of 3∕8 in. (10mm)or10%of the section thickness, shall be radiographed in
accordance with NCD-2575.

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

Cast pumps and valves with a
quality factor of 1.00

Magnetic particle or liquid penetrant examinationmay be performed on all
external surfaces and on all accessible internal surfaces, in lieu of
volumetric examination, except the weld ends of cast pumps and valves
shall be radiographed for a minimum distance of t (where t is the design
section thickness of the weld) from the final weld end. For ASME B16.34
Special Class category valves, see NCD-2571.1(b).

Cast pumps and valves with a
quality factor of 0.70

None

Cast pressure-retaining
material other than cast
pumps and valves

Cast pressure-retainingmaterials shall be examined by either radiographic
or ultrasonic methods, or a combination of the twomethods. Castings or
sections of castings,which have coarse grains or configurationswhich do
not yield meaningful results by ultrasonic examination, shall be
examined by radiographic methods.

Repair welds in pumps and
valves of P‐No. 1 or P‐No. 8
material with a quality factor
of 0.70

None

Repair welds in cast pressure-
retaining material other than
pumps and valves of P‐No. 1
or P‐No. 8 material with a
quality factor of 0.70

Each repair weld shall be examined by the magnetic particle method or by
the liquidpenetrantmethod. Inaddition,whenradiographyof the casting
is required, repairwelds in cavities, the depthofwhich exceeds the lesser
of 3∕8 in. (10mm)or10%of the section thickness, shall be radiographed in
accordance with NCD-2575.

Inlet piping connections over
NPS 4 (DN 100)

Cast pressure-retaining
materials

Cast pressure-retainingmaterials shall be examined by either radiographic
or ultrasonic methods, or a combination of the twomethods. Castings or
sections of castings,which have coarse grains or configurationswhich do
not yield meaningful results by ultrasonic examination, shall be
examined by radiographic methods. For ASME B16.34 Special Class
category valves, see NCD-2571.1(b).

Repair welds Each repair weld shall be examined by the magnetic particle method or by
the liquidpenetrantmethod. Inaddition,whenradiographyof the casting
is required, repairwelds in cavities, thedepthofwhich exceeds the less of
3∕8 in. (10 mm) or 10% of the section thickness, shall be radiographed in
accordance with NCD-2575.
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Table NCD-2571.2-1
Required Examinations for Class 3 Castings

Nominal Pipe Size Item Applicable Special Requirements for Class 3 Castings
Inlet piping connections of
NPS 2 (DN 50) and less

Cast Pipe fittings, pump, and
valves

None, except for ASME B16.34 special class category valves, which shall be
in accordance with NCD-2571.2(b).

Cast pressure-retaining
material with a quality factor
of 0.80, excluding pipe
fittings, pumps, and valves

Visual examination required

Cast pressure-retaining
material with a quality factor
of 0.85, excluding pipe
fittings, pumps, and valves

Magnetic particle or liquid penetrant examination shall be performedon all
external surfaces and on all accessible internal surfaces.

Cast pressure-retaining
material with a quality factor
of 1.00, excluding pipe
fittings, pumps, and valves

Radiographic or ultrasonic examination required; magnetic particle or
liquid penetrant examination optional

Repair welds (a)Whenmagnetic particle or liquidpenetrant examinationof the casting is
required, each repair shall be examined by themagnetic particlemethod
or by the liquid penetrant method.

(b)When radiographyof the casting is required, repairwelds incavities, the
depth ofwhich exceeds the lesser of 3/8 in. (10mm)or 10%of the section
thickness, shall be radiographed in accordance with NCD-2575.

(c) When partial radiography of a casting is required, repairs located in an
area of the casting which is not covered by radiography need only be
examined by the magnetic particle method or by the liquid penetrant
method.

Inlet piping connections over
NPS 2 (DN 50)

Cast valves None, except for ASME B16.34 special class category valves, which shall be
in accordance with NCD-2571.2(b).

Cast pressure-retaining
material with a quality factor
of 0.80, excluding valves

Visual examination required

Cast pressure-retaining
material with a quality factor
of 0.85, excluding valves

Magnetic particle or liquid penetrant examination shall be performedon all
external surfaces and on all accessible internal surfaces.

Cast pressure-retaining
material with a quality factor
of 1.00, excluding valves

Radiographic or ultrasonic examination required, magnetic particle or
liquid penetrant examination optional

Repair welds (a)Whenmagnetic particle or liquidpenetrant examinationof the casting is
required, each repair weld shall be examined by the magnetic particle
method or by the liquid penetrant method.

(b)When radiographyof the casting is required, repairwelds incavities, the
depth ofwhich exceeds the lesser of 3/8 in. (10mm)or 10%of the section
thickness, shall be radiographed in accordance with NCD-2575.

(c) When partial radiography of a casting is required, repairs located in an
area of the casting which is not covered by radiography need only be
examined by the magnetic particle method or by the liquid penetrant
method.
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(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 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 thicknessesover6 in. (150mm)cast-
ings shall be radiographedwithin 1∕2 in. (13mm)or15%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) 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) as applicable. As an alternative,
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
finished machine surfaces, except threaded surfaces and
small deep holes, shall also be examined by magnetic
particle or liquid penetrant methods.

NCD-2573 Provisions for Repair of Base Material
by Welding

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

NCD-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.

NCD-2573.2 Repair byWelding.TheMaterialManufac-
turer may repair castings by welding after removing the
material containingunacceptabledefects. Thedepthof the
repair is not limited. A cored hole or access hole may be
closed by the Material Manufacturer by welding in accor-
dance with the requirements of this subparagraph,
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.

NCD-2573.3 Qualification of Welding Procedures and
Welders.Eachmanufacturer is responsible for thewelding
done by its organization and shall establish the proce-
dures and conduct the tests required by Article
NCD-4000 and by Section IX of the Code in order to
qualify both thewelding procedures and the performance
of welders and welding operators who apply these proce-
dures. Each manufacturer is also responsible for the
welding performed by its subcontractors and shall
ensure that the subcontractors conduct the tests required
byArticleNCD-4000 andby Section IX of the Code in order
to qualify its welding procedures and the performance of
its welders and welding operators.

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

NCD-2573.5 Examination of Repair Welds.

(a) Each repairweld shall be examinedby themagnetic
particle method in accordance with the requirements of
NCD-2577, or by the liquid penetrant method in accor-
dance with the requirements of NCD-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

materials is not required for pumps and valves with inlet
piping connections NPS 2 (DN 50) and less.
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NCD-2573.6 Heat Treatment After Repairs. The mate-
rial shall be heat treated after repair in accordance with
theheat treatment requirementsofNCD-4620, except that
the heating and cooling rate limitations of NCD-4623 do
not apply.

NCD-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

the magnetic particle method in accordance with
NCD-2577, or the liquid penetrant method in accordance
with NCD-2576, to assure 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 NCD-2539.

NCD-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 radiographs
are specified in the order for the original casting.

NCD-2574 Ultrasonic Examinationof 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 NCD-2574 and shall make
the procedure available for approval upon request.

NCD-2574.1 Acceptance Standards.

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

(1) Quality Level 1 for thicknesses up to 2 in. (50
mm);

(2) Quality Level 3 for thicknesses 2 in. to 4 in. (50
mm to 100 mm);

(3) Quality Level 4 for thicknesses greater than 4 in.
(100 mm).
(b) In addition to theQuality Level requirements stated

in (a) above, the requirements in (1) through (5) below
shall apply for both straight beam and angle beam exam-
ination.

(1) Areasgiving indicationsexceeding theAmplitude
Reference Line with any dimension longer than those
specified in the following tabulation 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)

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

the surface area on the casting overwhich a 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 1∕2 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.

NCD-2575 Radiographic Examination

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

NCD-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 volume and, when the shape of the
casting precludes complete coverage, the coverage
shall be at least as exemplified in the typical sketches
as shown in Figure NCD-2575.2-1.

NCD-2575.3 Examination Requirements. Radio-
graphic 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 NCD-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.

NCD-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. (51 mm to
114mm)] Steel Castings, or ASTME280, Reference Radio-
graphs for HeavyWalled [41∕2 in. to 12 in. (114mm to 305
mm)] Steel Castings, as applicable for the thickness being
radiographed, except 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.

NCD-2576 Liquid Penetrant Examination

(a) Castings shall be examined, if required, on all acces-
sible surfaces by liquid penetrant 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 bleeding out of the penetrant; however, localized
surface discontinuities, as may occur from machining
marks, scale, or dents, may produce indications which
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 which result from imperfec-
tions 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 which 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) four or more indications in a line separated by
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.

NCD-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 which would
mask indications of defects are unacceptable. Surface
conditioning may precede the reexamination. Relevant
indications are those which result from imperfections
and have a major dimension greater than 1∕16 in.
(1.5 mm). Linear indications are those whose length is
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Figure NCD-2575.2-1
Typical Pressure-Retaining Parts of Pumps and Valves
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Figure NCD-2575.2-1
Typical Pressure-Retaining Parts of Pumps and Valves (Cont’d)

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 of 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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more than three times thewidth. Rounded indications are
those which 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) 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.

NCD-2580 EXAMINATION OF BOLTS, STUDS, AND
NUTS

NCD-2581 Requirements

All bolting material shall be visually examined in accor-
dance with NCD-2582.

NCD-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
toNCD-5100 or by personnel qualified in accordancewith
NCD-5500.

NCD-2600 MATERIAL ORGANIZATIONS’
QUALITY SYSTEM PROGRAMS

NCD-2610ð23Þ DOCUMENTATIONANDMAINTENANCE
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 ofNCA-1224andNCA-1225shall
bemet as required by NCD-2130. The other requirements
of NCA-3300 and NCA-4200 need not be used by Material
Organizations for small products, as defined in (c) below;
for material used in items commensurate with their
contribution to safety or risk, as defined in (d) below;
for brazing material; and for material that is allowed
by this Subsection to be furnished with a Certificate of
Compliance. For these products, the Certificate
Holder’s Quality Assurance Program (see NCA-4100)
shall include measures to provide assurance that the
material is furnished inaccordancewith thematerial spec-
ification and with the applicable requirements of this
Subsection.
(c) For the purpose of this paragraph, small products

are defined as given in (1) through (4) below:
(1) pipe, tube (except heat exchanger tube), pipe

fittings, and flanges NPS 2 (DN 50) and less;
(2) boltingmaterials, including studs, nuts, and bolts

of 1 in. (25 mm) nominal diameter and less;
(3) bars with a nominal cross‐sectional area of 1 in.2

(650 mm2) and less;
(4) material for pumps and valves with inlet pipe

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

(d) For the purpose of this paragraph, items commen-
surate with their contribution to safety or risk are defined
as given in (1) and (2) below.

(1) The Owner or the Owner’s designee has estab-
lished that the exemption is consistent with the safety
or risk significance of the item. The determination of
the safety or risk significance of the item to design and
operations is beyond the scope of this Section. Appro-
priate guidance for the safety or risk significance of
the item shall be derived from system criteria documents
for specific types of nuclear power systems and may be
found in the requirements of regulatory and enforcement
authorities having jurisdiction at the site.

(2) The Owner or the Owner’s designee has
permitted the exemption in the Design Specification
and shall specify to which items this exemption applies.

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

standards and specifications of Table NCA‐7100‐1.
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ARTICLE NCD-3000
DESIGN

NCD-3100 GENERAL DESIGN

NCD-3110 LOADING CRITERIA

NCD-3111 Loading Conditions

The loadings that shall be taken into account in
designing a component shall 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.

NCD-3112 Design Loadings

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

NCD-3112.1 Design Pressure. The specified internal
and external Design Pressures to be used in this Subsec-
t ion sha l l be es tab l i shed in accordance wi th
NCA‐2142.1(a).

NCD-3112.2 DesignTemperature.The specifiedDesign
Temperature shall beestablished inaccordancewithNCA‐
2142.1(b). It shall be used in conjunction with the Design
Pressure. If necessary, the metal temperature shall be
determined by computation using accepted heat transfer
proceduresorbymeasurement fromequipment in service
under equivalent operating conditions. In no case shall the
temperature at the surface of the metal exceed the
maximum temperature listed in the applicability
column of Section II, Part D, Subpart 1, Tables 1A, 1B,
and 3, nor exceed the maximum temperature limitations
specified elsewhere in this Subsection.

NCD-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.

NCD-3112.4 Design Allowable Stress Values.

(a) Allowable stresses for design for materials are
listed in Section II, Part D, Subpart 1, Tables 1A, 1B,
and 3. Design stress intensity values for Class 2 vessels
designed to NCD-3200 are listed in Section II, Part D,
Subpart 1, Tables 2A, 2B, and 4. The materials shall
not be used at metal and design temperatures that
exceed the temperature limit in the applicability
column for which stress or stress intensity values are
given. The values in the Tables may be interpolated for
intermediate temperatures.
(b) The maximum allowable compressive stress to be

used in the design of cylindrical shells subjected to load-
ings that produce longitudinal compressive stress in the
shell shall be the smaller of the following values:

(1) the maximum allowable tensile stress value
permitted in (a) above;

(2) the value of the factor B determined from
NCD-3133.6(b).
(c) Thewall thickness of a component computed by the

rules of this Subsection shall be determined so that the
general membrane stress due to any combination of
mechanical loadings listed in NCD-3111 which are
expected to occur simultaneously during a condition of
loading for which service Level A is designated for the
component does not exceed10 the maximum allowable
stress value permitted at the Design Temperature
unless specifically permitted in other paragraphs of
this Subsection. These allowable stress values may be
interpolated for intermediate Design Temperature.
(d) For Class 3 Items
(1) When welding or brazing is performed on

nonferrous material having increased tensile strength
produced by hot or cold working, the allowable stress
value for the material in the annealed condition shall
be used for the joint design. One piece heads and seamless
shellsmay be designed on the basis of the actual temper of
the material.

(2) When welding or brazing is performed on
nonferrous material having increased tensile strength
produced by heat treatment, the allowable stress value
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for thematerial in the annealed condition shall be used for
the joint design unless the stress values for welded
construction are given in Section II, Part D, Subpart 1,
Tables 1A and 1B or unless the finished construction is
subjected to the same heat treatment as that which
produced the temper in the as-receivedmaterial, provided
the welded joint and the base metal are similarly affected
by the heat treatment.

NCD-3113 Service Conditions

(a) Each service condition to which the components
may be subjected shall be classified in accordance with
NCA‐2142, and Service Limits [NCA‐2142.4(b)] shall be
designated in the Design Specifications in such detail
as will provide a complete basis for design in accordance
with this Article.
(b) Whenany loadings forwhichLevel B, C, orDService

Limits are designated are specified in the Design Specifi-
cations, they shall be evaluated in accordance with NCA‐
2140 and in compliance with the applicable design and
stress limits of this Article.

NCD-3115 For Class 3 Only — Casting Quality
Factors

A casting quality factor shall be applied to the allowable
stress values for cast material given in Section II, Part D,
Subpart 1, Tables 1A and 1B.

NCD-3120 SPECIAL CONSIDERATIONS

NCD-3121 Corrosion

(a) General.Materials subject to thinning by corrosion,
erosion, mechanical abrasion, or other environmental
effects shall have provision made in the Design Specifica-
tions for these effects by indicating the increase in the
thickness of the base metal over that determined by
the design equations. Other suitable methods of protec-
tion may be used. Material 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.
(b) For Class 3 Only
(1) For Class 3 items only, except as required in (3),

no additional thickness need be provided when previous
experience in like service has shown that corrosion does
not occur or is of only a superficial nature.

(2) Class 3 vessels constructed of materials listed in
Section II, Part D, Subpart 1, Tables 1A and 1B with a
required minimum thickness of less than 1∕4 in. (6 mm)
that are to be used in compressed air service, steam
service, or water service shall be provided with a corro-
sion allowance on the metal surface in contact with such
substance of not less than one‐sixth of the calculated plate
thickness.

(3) For Class 3 items only, telltale holes may be used
to provide some positive indication when the thickness
has been reduced to a minimum. When telltale holes
are provided, they shall be at least 3∕16 in. (5 mm) in
diameter and have a depth not less than 80% of the thick-
ness required for a section of like dimensions. These holes
shall be provided in the surface opposite to that where
deterioration is expected.

NCD-3122 Cladding

The rules of this paragraph apply to the design of clad
components constructed of material permitted in Section
II, Part D, Subpart 1, Tables 1A, 1B, and 3.

NCD-3122.1 Stresses. For Class 2 vessels, no structural
strength shall be attributed to cladding except as
permitted by NCD-3214.

NCD-3122.2 DesignDimensions.Thedimensionsgiven
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

outsidediametershall be takenat theouter faceof thebase
metal.

NCD-3123 Welds Between Dissimilar Metals

In satisfying the requirements of this subarticle, caution
shall be exercised in construction involving dissimilar
metals having different chemical compositions, mechan-
ical properties, and coefficients of thermal expansion in
order to avoid difficulties in service.

NCD-3124 For Class 2 Only — Ductile Behavior
Evaluation

ForClass2 items, theuseofmaterial belowthe tempera-
ture established by the methods of NCD-2331(a) may be
justified by methods equivalent to those contained in
Section III Appendices, Nonmandatory Appendix G.

NCD-3125 ð23ÞConfiguration

Accessibility topermit theexaminations requiredby the
DivisionandEditionof SectionXI as specified in theDesign
Specification for the component shall be provided in the
design of the component.

NCD-3130 GENERAL DESIGN RULES

NCD-3131 General Requirements

The design shall be such that the rules of this Article are
satisfied for all configurations and loadings, using the
maximum allowable stress values S of Section II, Part
D, Subpart 1, Tables 1A, 1B, and 3 in the various equations
and including the use of the standard products listed in
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Table NCA‐7100‐1. Use of the maximum allowable stress
values of Section II, Part D, Subpart 1, Tables 1A, 1B, and 3
does not apply to Class 2 vessels designed to the rules of
NCD-3200.

NCD-3131.1 Design Reports.

(a) The N Certificate Holder is required to provide a
Design Report as part of the responsibility for achieving
structural integrity of the component. The Design Report
shall be certified when required by NCA-3211.40(h).
(b) The Certificate Holder for construction of a Class 2

vessel conforming to the design requirements of
NCD-3200 shall provide a Design Report conforming to
the requirements of NCD-3211 and NCD-3223.2.

NCD-3131.2 Proof Test to Establish Maximum Design
Pressure.When the configuration of a component is such
that the stresses resulting from internal or external pres-
sure cannot be determinedwith adequate accuracy by the
rulesof thisArticle, themaximumDesignPressure shall be
determined by proof testing in accordance with the rules
of NCD-6900 except for piping as otherwise provided in
this Article. This procedure does not apply to Class 2
vessels designed to the requirements of NCD-3200.

NCD-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.

NCD-3133 Components Under External Pressure

NCD-3133.1 General. Rules are given in this paragraph
for determining the thickness under external pressure
loading in spherical shells, conical sections, cylindrical
shells with or without stiffening rings, formed heads,
and tubular products consisting of pipes, tubes, and
fittings. Charts for determining the stresses in shells
and hemispherical heads are given in Section II, Part
D, Subpart 3 . For Class 2 vessels designed to
NCD-3200, see NCD-3240.

NCD-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 ap-
plicable material chart in Section II, Part D,
Subpart 3. For the case of cylinders having
Do/T values less than 10, see NCD-3133.3(b).

x = 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 designmetal 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)

DL = outside diameter at large end of conical
section under consideration

Do = outside diameter of the cylindrical shell
course, head skirt, or tube under considera-
tion

Do/2ho = for Class 2 spherical shells and formed heads
only, outside diameter of the head skirt or
outside diameter of a cone head at the
point under consideration, measured perpen-
dicular to the longitudinal axis of the cone

x = for Class 3 only, ratio of themajor to theminor
axis of ellipsoidal heads, which equals the
outside diameter of the head skirt divided
by twice the outside height of the head
(see Table NCD-3332.2-1)

Ds = for Class 3 only, outside diameter at small end
of conical section under consideration

E = modulus of elasticity of material at Design
Temperature, psi (MPa) . For external pres-
sure and axial compression design in accor-
dance 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 compres-
sion design.

ho = for Class 3 only, one‐half of the length of the
outside minor axis of the ellipsoidal head, or
the outside height of the ellipsoidal head
measured from the tangent line (head‐bend
line)

I = available moment of inertia of the stiffening
ring about its neutral axis, parallel to the
axis of the shell

I′ = available moment of inertia of the combined
ring‐shell cross section about its neutral axis,
parallel to the shell. The width of the shell,
which is taken as contributing to the
combined moment 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
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considered as contributing to more than one
stiffening ring.

Is = required moment of inertia of the stiffening
ring about its neutral axis parallel to the
axis of the shell

I′s = required moment of inertia of the combined
ring‐shell section about its neutral axis
parallel to the axis of the shell

K1 = for Class 2 only, factor depending on the
e l l i p s o i d a l h e ad p r opo r t i o n s ( s e e
Table NCD-3332.2-1)

x = for Class 3 only, factor depending on the ellip-
soidal head proportions Do/2ho (see
Table NCD-3332.2-1)

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 (excluding
conical heads and sections)
(b) the distance between cone-to-cylinder

junctions for vessels with a cone or conical
head if there are no stiffening rings
(c) the greatest center‐to‐center distance

between any two adjacent stiffening rings
(d) the distance from the center of the first

stiffening ring to the head tangent line plus
one‐third of the depth of the head (excluding
conical heads and sections), all measured
parallel to the axis of the vessel
(e) the distance from the first stiffening

ring in the cylinder to the cone-to-cylinder
junction
(f) the axial length of the conical heads and

sections as given in NCD-3133.4(e), and
Section III Appendices, Mandatory Appendix
XXII

Le = equivalent length of conical section
x = (L/2)(1 + DS/DL)
Ls = one‐half of 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, both
measured parallel to the axis of the compo-
nent. A line of support is
(a) a stiffening ring thatmeets the require-

ments of this paragraph
(b) a circumferential line on a head at one‐

third the depth of the head from the head
tangent line
(c) a circumferential connection to a jacket

for a jacketed section of a cylindrical shell, or
(d) a cone-to-cylinder junction

P = external Design Pressure, psi (MPa) (gage or
absolute, as required)

Pa = allowable external pressure, psi (MPa) (gage
or absolute, as required)

R = for Class 2 only, the following:
(a) the inside radius of spherical shell, cy-

lindrical shell, or tubular product
(b) for hemispherical heads, the inside

radius in the corroded condition
(c) for ellipsoidal heads, the equivalent

inside spherical radius taken as K1Do
(d) for torispherical heads, the inside

radius of the crown portion of the head in
the corroded condition

x = for Class 3 only, the following:
(a) the inside radius of cylindrical shell or

tubular product in the corroded condition
(b) for hemispherical heads, the outside

radius in the corroded condition
(c) for ellipsoidal heads, the equivalent

outside spherical radius taken as K1Do in
the corroded condition
(d) for torispherical heads, the outside

radius of the crown portion of the head in
the corroded condition

S = the lesser of twice the allowable stress at
design metal temperature from Section II,
Part D, Subpart 1, Tables 1A, 1B, and 3 or
0.9 times the tabulated yield strength at
design metal temperature from Section II,
Part D, Subpart 1, Table Y-1, psi (MPa)

T = minimum required thickness of cylindrical
shell or tube, spherical shell, or formed
head after forming. For Class 2 applications,
this does not consider the corroded condition.
ForClass3 applications, this does consider the
corroded condition.

Te = effective thickness of conical section
x = T cos α
Tn = nominal thickness used, less corrosion allow-

ance, of a cylindrical shell or tube
α = one-half the apex angle in conical heads and

sections, deg

NCD-3133.3 Cylindrical Shells and Tubular Products.
The thickness of cylinders under external pressure shall
be determined by the procedure given in (a) or (b) below.
(a) Cylinders Having Do/T Values ≥ 10
Step 1. Assume a value forT and determine the ratios

L/Do and Do/T.
Step 2. Enter Section II, Part D, Subpart 3, Figure G at

the value of L/Do determined in Step 1. For values of L/Do
greater than 50, enter the chart at a value of L/Do =50. For
valuesofL/Do less than0.05, enter thechart at avalueofL/
Do of 0.05.
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Step 3. Move horizontally to the line for the value of
Do/T determined in Step 1. Interpolationmay bemade for
immediate values of Do/T. From this point of intersection,
move vertically downward to determine the value of
factor A.

Step 4. Using the value ofA calculated in Step 3, enter
theapplicablematerial chart inSection II, PartD, Subpart3
for thematerial under consideration.Move vertically to an
intersection with the material/temperature line for the
Design Temperature. Interpolation may be made
between lines for intermediate temperatures. In cases
where the value of A falls to the right of the end of the
material/temperature line, assume an intersection with
the horizontal projection of the upper end of the mate-
rial/temperature line. For values of A falling to the left
of the material/temperature line, see Step 7.

Step 5. From the intersection obtained in Step 4,
move horizontally to the right and read the value of B.

Step 6. Using this value ofB, calculate the value of the
maximum allowable external pressure Pa using the
following equation:

=P B
D T
4

3( )a
o

Step 7. For values of A falling to the left of the appli-
cable material/temperature line, the value of Pa can be
calculated using the following equation:

=P AE
D T
2

3( )a
o

Step 8. Compare Pa with P. If Pa is smaller than P,
select a larger value for T and repeat the design procedure
until a value of Pa is obtained that is equal to or greater
than P.
(b) Cylinders Having Do/T Values <10
Step 1. Using the same procedure as given in (a)

above, obtain the value of B. For values of Do/T less
than 4, the value of factor A can be calculated using
the following equation:

=A
D T

1.1

( )o
2

For values of A greater than 0.10, use a value of 0.10.
Step 2. Using the value of B obtained in Step 1, calcu-

late a value Pa1 using the following equation:

=
Ä

Ç
ÅÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑÑ

P
D T

B2.167
( )

0.0833a
o

1

Step 3. Calculate a value Pa2 using the following
equation:

=
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.

NCD-3133.4 Spherical Shells and Formed Heads.

(a) Spherical Shells. The minimum required thickness
of a spherical shell under external pressure, either seam-
less or of built‐up construction with butt joints, shall be
determined by the procedure given in Steps 1 through 6.

Step1. Assumeavalue forTand calculate thevalueof
factor A using the following equation:

=A
R T
0.125

( )

Step 2. Using the value ofA calculated in Step 1, enter
theapplicablematerial chart inSection II, PartD, Subpart3
for thematerial under consideration.Move vertically to an
intersection with the material/temperature line for the
Design Temperature. Interpolation may be made
between lines for intermediate temperatures. In cases
where the value at A falls to the right of the end of the
material/temperature line, assume an intersection with
the horizontal projection of the upper end of the mate-
rial/temperature line. For values of A falling to the left
of the material/temperature line, see Step 5.

Step 3. From the intersection obtained in Step 2,
move horizontally to the right and read the value of
factor B.

Step 4. Using the value of B obtained in Step 3, calcu-
late thevalueof themaximumallowable external pressure
Pa using the following equation:

=P B
R T( )a

Step 5. For values of A falling to the left of the appli-
cable material/temperature line for the Design Tempera-
ture, the value of Pa can be calculated using the following
equation:

=P E
R T

0.0625

( )
a 2

Step 6. Compare Pa obtained in Step 4 or Step 5 with
P. If Pa is smaller than P, select a larger value for T and
repeat thedesignprocedureuntil a value forPa is obtained
that is equal to or greater than P.
(b) Hemispherical Heads. The required thickness of a

hemispherical head having pressure on the convex side
shall be determined in the same manner as outlined in
(a) above for determining the thickness for a spherical
shell.
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(c) EllipsoidalHeads. The required thickness of an ellip-
soidal head having pressure on the convex side, either
seamless or of built‐up construction with butt joints,
shall not be less than that determined by the following
procedure.

Step1. Assumeavalue forT and calculate thevalueof
factor A using the following equation:

=A
R T
0.125

( )

Step2. Using thevalueofA calculated inStep1, follow
the sameprocedure as that given for spherical shells in (a)
above, Steps 2 through 6.
(d) Torispherical Heads. The required thickness of a

torispherical head having pressure on the convex side,
either seamless or of built‐up construction with butt
joints, shall not be less than that determined by the
same design procedure as is used for ellipsoidal heads
given in (c) above, using the appropriate value for R.

(e) For Class 3 Items Only
(1) The required thickness of a toriconical head

having pressure on the convex side, either seamless or
of built‐up construction with butt joints within the
head, shall not be less than that determined from
NCD-3133.7(b) with the exception that Le shall be deter-
mined as follows:

(-a) For Figure NCD-3133.4-1, sketch (c)

= + +i
k
jjjjj

y
{
zzzzzL r L D D

D
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2e
L S
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(-b) For Figure NCD-3133.4-1, sketch (d)
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(-c) For Figure NCD-3133.4-1, sketch (e)
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Figure NCD-3133.4-1
For Class 3 Only — Length L of Some Typical Conical Sections
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(2) When lap joints are used in formed head
construction or for longitudinal joints in a conical head
under external pressure, the thickness shall be deter-
mined by the rules in this paragraph, except that 2P
shall be used instead of P in the calculations for the
required thickness.

(3) The required length of skirt on heads convex to
pressure shal l comply with the provis ions of
NCD-3324.5(c), and NCD-3324.5(g)(3) for heads
concave to pressure.

(4) Openings in heads convex to pressure shall
comply with the requirements of NCD-3330.

(5) When necessary, provisions shall be made to
vessels and heads to prevent overstressing and excessive
distortion due to external loads other than pressure and
temperature (see NCD-3111).

NCD-3133.5 Stiffening Rings for Cylindrical Shells

(a) The requiredmoment of inertia of a circumferential
stiffening ring shall be not less than that determined by
one of the following two equations:

= +
I

D L T A L A( )
14s

o s s s
2

(1)

= +
I

D L T A L A( )
10.9s

o s s s
2

(2)

If the stiffeners should be so located that the maximum
permissible effective shell sections overlap on either or
both sides of a stiffener, the effective shell section for
that stiffener shall be shortened by one‐half of each
overlap. Stiffening rings shall be designed to preclude
lateral buckling.
(b) The available moment of inertia I or I′ for a stif-

fening ring shall be determined by the following proce-
dure.

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 cross‐
sectional area As. Then calculate factor B using the
following equation:

=
+

Ä

Ç
ÅÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑÑ

B
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 by
Step 1. If different materials are used for the shell and
stiffening ring, use the material chart resulting in the
larger value of 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 equation

=A
B

E
2

Step 6. Compute the value of the requiredmoment of
inertia from eqs. (1) and (2) provided in (a).

Step 7. Calculate the available moment of inertia, I or
I′, of the stiffening ring using the section corresponding to
that used in Step 6.

Step 8. If the required moment of inertia is greater
than the moment of inertia for the section selected in
Step 1, a new section with a larger moment of inertia
mustbe selected andanewmomentof inertia determined.
If the required moment of inertia is smaller than the
moment of inertia for the section selected in Step 1,
that section should be satisfactory.
(c) For fabrication and installation requirements for

stiffening rings, see NCD-4437.

NCD-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 compressive
stresses in the shell or wall shall be the lesser of the
values given in (a) or (b) below:
(a) the S value for the applicable material at design

temperature given in Section II, Part D, Subpart 1,
Tables 1A, 1B, and 3;
(b) the value of the B determined from the applicable

chart in Section II, Part D, Subpart 3. The value ofB shall be
determined from the applicable chart contained in Section
II, Part D, Subpart 3 as given in Steps 1 through 5.

Step 1. Using the selected values of T and R, calculate
the value of factor A using the following equation:

=A
R T
0.125

( )

Step 2. Using the value ofA calculated in Step 1, enter
theapplicablematerial chart inSection II, PartD, Subpart3
for thematerial under consideration.Move vertically to an
intersection with the material/temperature line for the
Design Temperature. Interpolation may be made
between lines for intermediate temperatures. In cases
where the value at A falls to the right of the end of the
material/temperature line, assume an intersection with
the horizontal projection of the upper end of the mate-
rial/temperature line. For values of A falling to the left
of the material/temperature line, see Step 4.

Step 3. From the intersection obtained in Step 2,
move horizontally to the right and read the value of
factor B. This is the maximum allowable compressive
stress for the values of T and R used in Step 1.
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Step 4. For values of A falling to the left of the appli-
cable material/temperature line, the value of B shall be
calculated using the following equation:

=B
AE
2

Step 5. Compare the value of B determined in Step 3
or Step 4 with the computed longitudinal compressive
stress in the cylindrical shell 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 T
must be selected and the design procedure repeated
until a value of B is obtained which is greater than the
compressive stress computed for the loading on the cy-
lindrical shell or tube. For Class 3 only, the joint efficiency
for butt-welded joints may be taken as unity.

NCD-3133.7 Conical Heads and Sections.

(a) For Class 2 Items Only. The required thickness of a
conical headunder external pressure shall not be less than
that determined by the rules of (1), (2), and (3) below.

(1) When one‐half of the included apex angle of the
cone is equal to or less than 221∕2 deg, the thickness of the
cone shall be the same as the required thickness of a cy-
lindrical shell, the lengthofwhichequals theaxial lengthof
the cone or the axial distance center to center of stiffening
rings, if used, and the outside diameter ofwhich is equal to
the outside diameter at the large endof the cone or section
between stiffening rings.

(2) When one‐half of the included apex angle of the
cone is greater than221∕2 deg andnotmore than60deg the
thickness of the cone shall be the same as the required
thickness of a cylindrical shell, the outside diameter of
which equals the largest inside diameter of the cone
measured perpendicularly to the cone axis, and the
length of which equals an axial length that is the lesser
of either the distance center to center of stiffening
rings, if used, or the largest inside diameter of the
section of the cone considered.

(3) When one‐half of the included apex angle of the
cone is greater than 60 deg, the thickness of the cone shall
be the same as the required thickness for a flat head under
externalpressure, thediameterofwhichequals the largest
inside diameter of the cone (NCD-3325).
(b) For Class 3 Items Only. The required thickness of a

conical head or section under pressure on the convex side,
either seamless or of built‐up construction with butt
joints, shall be determined in accordance with the
following:

(1) When α is equal to or less than 60 deg
(-a) Cones Having DL/Te Values ≥10
Step 1. Assume a value for Te and determine the

ratios Le/DL and DL/Te.

Step 2. Enter Section II, Part D, Subpart 3, Figure
G at a value of L/Do equivalent to the value of Le/DL deter-
mined in Step 1. For values of Le/DL greater than 50, enter
the chart at a value of Le/DL = 50.

Step 3. Move horizontally to the line for the
value of Do/T equivalent to the value of DL/Te determined
in Step 1. Interpolation is permitted for intermediate
values of DL/Te. From this point of intersection, move
vertically downward to determine the value of factor A.

Step 4. Using the value of A calculated in Step 3,
enter the material chart in Section II, Part D, Subpart 3 for
the material under consideration. Move vertically to an
intersection with the material/temperature line for the
design temperature (see NCD-3112.2). Interpolation
may be made between lines for intermediate tempera-
tures. In cases where the value of A falls to the right of
the endof thematerial/temperature line, assumean inter-
section with the horizontal projection of the upper end of
the material/temperature line. For values of A falling to
the left of the material/temperature line, see Step 7.

Step 5. From the intersection obtained in Step 4,
move horizontally to the right and read the value of
factor B.

Step 6. Using this value of B, calculate the value
of themaximumallowable external pressure, Pa, using the
following equation:

=P B
D T

4
3( )a

L e

Step 7. For values of A falling to the left of the
applicable material/temperature line, the value of Pa can
be calculated using the following equation:

=P AE
D T
2

3( )a
L e

Step 8. Compare the calculated value of Pa
obtained in Step 6 or Step 7 with P. If Pa is smaller
than P, select a larger value for T and repeat the
design procedure until a value of Pa is obtained that is
equal to or greater than P.

Step 9. Provide adequate reinforcement of the
cone‐to‐cylinder juncture according to Section III Appen-
dices, Mandatory Appendix XXII.

(-b) Cones Having DL/Te Values <10
Step 1. Using the sameprocedure as given in (-a)

above, obtain thevalueofB. For valuesofDL/Te less than4,
the value of factor Amay be calculated using the following
equation:

=A
D T

1.1

( )L e
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,
calculate the value Pa1 using the following equation:
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( )

0.0833a
L e

1

Step 3. Calculate the value of Pa2 using the
following equation:

=
Ä

Ç
ÅÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑÑ

P S
D T D T

2
( )

1
1

( )a
L e L e

2

Step 4. The smaller of the values of Pa1 calcu-
lated in Step 2, or Pa2 calculated in Step 3 shall be
used for the maximum allowable external pressure, Pa.
Compare the calculated value of 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.

Step 5. Provide adequate reinforcement of the
cone‐to‐cylinder juncture according to Section III Appen-
dices, Mandatory Appendix XXII.

(2) When α of the cone is greater than 60 deg, the
thickness of the cone shall be the same as the required
thickness for a flat head under external pressure, the
diameter of which equals the largest diameter of the
cone (see NCD-3325).

(3) The thickness of an eccentric cone shall be taken
as the greater of the two thicknesses obtained using both
the smallest and largest α in the calculations.

NCD-3133.8 Internal Tubes and Pipes When Used as
Tubes in Shell-and-Tube Heat Exchangers. As an alterna-
tive to NCD-3133.3, for internal tubes in shell-and-tube
heat exchangers, the required wall thickness for tubes
and pipes under external pressure may be determined
in accordance with Figure NCD-3133.8-1.

NCD-3135 Attachments

(a) Except as in (c) and (d) below, attachments and
connecting welds within the jurisdictional boundary of
the component as defined in NCD-1130 shall meet the
stress limits of the component.
(b) The design of the component shall include consid-

eration of the interaction effects and loads transmitted
through the attachment to and from the pressure-
retaining portion of the component. For Class 2 vessels
designed toNCD-3200, thermal stresses, stress concentra-
tions, and restraint of the pressure-retaining portion of
the component shall be considered.
(c) Beyond 2t from the pressure-retaining portion of

the component, where t is the nominal thickness of the
pressure-retaining material, the appropriate design
rules of Article NF‐3000 may be used as a substitute
for the design rules of Article NCD-3000 for portions
of attachments which are in the component support
load path.
(d) Nonstructural attachments shall meet the require-

ments of NCD-4435.

NCD-3200 ALTERNATIVE DESIGN RULES FOR
CLASS 2 VESSELS

NCD-3210 GENERAL REQUIREMENTS

NCD-3211 Basis for Use
NCD-3211.1 Scope.

(a) This subarticle contains design rules for Class 2
vessels which may be used as an alternative to the
design rules in NCD-3300. When these requirements
are met for design, the stress intensity values of
Section II, Part D, Subpart 1, Tables 2A, 2B, and 4 may
be used.
(b) These requirements provide specific design rules

for some commonly used vessel shapes under pressure
loadings and, within specified limits, rules for treatment
of other loadings. Simplified rules are also included for the
approximate evaluation of design cyclic service life. Rules
are not given which cover all details of design.
(c) When complete rules are not provided or when the

vessel designer chooses, a complete stress analysis of the
vessel or vessel region shall be performed considering all
the loadings of NCD-3212 and the Design Specifications.
This analysis shall be done in accordance with Section III
Appendices, Mandatory Appendix XIII for all applicable
stress categories. Alternatively, an experimental stress
analysis shall be performed in accordance with Section
III Appendices, Mandatory Appendix II.
(d) When these alternative design rules are used, the

special requirements ofNCD-4260,NCD-5250,NCD-6221,
and NCD-6222 shall be met.
(e) ADesignReport shall be prepared by the Certificate

Holder showing compliance with this subarticle. This
Design Report shal l meet the requirements of
NCA‐3211.40 for a Design Report (Section III Appendices,
Nonmandatory Appendix C).
(f) The rules of this subarticle do not apply to Class 3

vessels except under the provisions of NCA-2134(b).

NCD-3211.2 Requirements for Acceptability.

(a) The design shall be such that the requirements of
NCD-3100 and this subarticle are satisfied. In cases of
conflict, the requirements of this subarticle shall govern.
(b) The design shall be such that stress intensities do

not exceed the limits given in NCD-3216.
(c) For configurations where compressive stresses

occur, the critical buckling stress shall be taken into
account. For the special case of external pressure, the
rules of NCD-3133 shall be met.

NCD-3211.3 Materials in Combination.

(a) Avesselmaybedesigned for and constructedof any
combination of materials permitted in Section II, Part D,
Subpart 1, Tables 2A, 2B, and 4, provided the applicable
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Figure NCD-3133.8-1
Chart for Determining Wall Thickness of Tubes Under External Pressure
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GENERAL NOTE: For welded tubes or pipes, use the allowable stress for seamless material.
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rules are followed and the requirements in Section IX for
welding dissimilar metals are met.
(b) A stress analysis of a vessel region shall be made in

accordance with Section III Appendices, Mandatory
Appendix XIII unless all of the provisions of (c) or (d)
below apply. This does not obviate the need for such
analysiswhere required by other provisions of this subar-
ticle.
(c) See below.
(1) The junction is a girth seam between pressure

parts.
(2) Any taper requiredbecauseof different thickness

shall be in the material having the higher design stress
intensity, or in weld deposit appropriate for the stronger
material.

(3) No discontinuity is involved except that due to
thickness and modulus of elasticity difference.

(4) Sm2 ≤ 1.2 Sm1 (E2/E1) where subscripts 1 and 2
denote the material having the lower and higher design
stress intensity value, respectively, and Sm and E are as
defined in NCD-3216 and NCD-3219 respectively.
(d) See below.
(1) The junction is at a seam between pressure parts

other than a girth seam covered by (c) above.
(2) Any taper requiredbecauseof different thickness

is in material having the higher design stress intensity or
in weld deposit appropriate for the stronger material.

(3) Sm2 ≤ 1.1 Sm1 (E2/E1) where subscripts and
symbols are as given in (c)(4) above.

NCD-3211.4 Combination Units. When a vessel unit
consists of more than one independent chamber, oper-
ating at the sameor different pressures and temperatures,
each chamber or vessel shall be designed and constructed
towithstand themost severe condition of coincident pres-
sure and temperature expected. Chambers which come
within the scope of this subarticle may be connected
to chambers constructed to the rules of NCD-3300,
provided the connection between such chambers
meets all of the requirements of this subarticle.

NCD-3211.5 MinimumThickness of Shell or Head. The
thickness after forming and without allowance for corro-
sion of any shell or head subject to pressure shall be not
less than 1∕4 in. (6mm) for carbon and lowalloy steels or 1∕8
in. (3 mm) for stainless steel.

NCD-3211.6 Selection of Material Thickness. The
selected thickness of material shall be such that the
forming, heat treatment, and other fabrication processes
will not reduce the thickness of the material at any point
below the minimum value required by these rules.

NCD-3212 Loadings

The requirements of NCD-3111 shall apply.

NCD-3214 Cladding

The design calculations shall be based on a thickness
equal to the nominal thickness of the base plate plus
Sc/Sb times the nominal thickness of the cladding, less
any allowance provided for corrosion, provided the condi-
tions of (a), (b), and (c) below are met.
(a) The clad product conforms to one of the clad plate

products referenced in NCD-2121 or is overlay weld clad.
(b) The joints are completed by depositing corrosion

resisting weld metal over the weld in the base material
to restore the cladding.
(c) The Sm value of the weaker material is at least 70%

of the Sm value of the stronger. Where

Sb = design stress intensity value for the base material
at the Design Temperature, psi

Sc = design stress intensity value for the cladding or, for
the weld overlay, that of the wrought material
whose chemistry most closely approximates that
of the cladding, at the Design Temperature, psi

the design stress intensity value shall be that given for
base material in Section II, Part D, Subpart 1, Tables
2A, 2B, and 4. When Sc is greater than Sb, the multiplier
Sc/Sb shall be taken equal to unity.

NCD-3215 Design Basis
NCD-3215.1 Pressure and Temperature Relationships.

(a) Table NCD-3215.1(a)-1 sets forth the pressure,
temperature, and static head relationships which shall
be considered by the designer.
(b) The design for a vessel part is usually controlled by

coincident pressure and temperature at a point. The
design shall take into account the maximum difference
in fluid pressure, which exists under the specified
service conditions, between the inside and outside of
the vessel at any point or between two chambers of a
combination unit. The design thickness for pressure
shall not include any metal added as corrosion or
erosion allowance or any metal required for any combi-
nation of loadings listed in NCD-3218 which are likely to
occur coincident with the service pressure and tempera-
ture.

NCD-3215.2 Definitions.

(a) DesignPressure. TheprovisionsofNCD-3112.1shall
apply.
(b) Design Temperature. The provisions of NCD-3112.2

shall apply.
(c) Service Conditions. The provisions of NCD-3113

shall apply.
(d) Test Pressure. The test pressure is thepressure tobe

applied at the top of the vessel during the test. This pres-
sure plus any pressure due to static head at any point
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under consideration is used in the applicable equation to
check the vessel under test conditions.
(e) Safety Valve Setting. The pressure for which the

safety or safety relief valves are set to open is established
by Article NCD-7000.

NCD-3216 Design Stress Intensity Values

NCD-3216.1 Stress Tables. The design stress intensity
values Sm are given in Section II, Part D, Subpart 1, Tables
2A, 2B, and 4. Values for intermediate temperatures may
be found by interpolation. These Sm values form the basis
for the various stress limitswhich are described in Section
III Appendices, Mandatory Appendix XIII and are used in
determining the membrane stress intensity limits for the
various load combinations given in Table NCD-3217-1.

NCD-3216.2 Coefficients of Thermal Expansion and
Moduli of Elasticity. Values of the coefficients of
thermal expansion are in Section II, Part D, Subpart 2,
Tables TE, and values of the moduli of elasticity are in
Section II, Part D, Subpart 2, Tables TM.

NCD-3216.3 Special Stress Limits. The deviations
given in (a), (b), and (c) below from the basic stress
limits are provided to cover special conditions or config-
urations.
(a) Bearing Loads
(1) The average bearing stress for resistance to

crushing under the maximum design load shall be
limited to the yield strength Sy at temperature except
that, when the distance to a free edge is greater than
the distance over which the bearing load is applied, a
stress of 1.5Sy at temperature is permitted. For clad
surfaces, the yield strength of the base metal may be
used if, when calculating the bearing stress, the
bearing area is taken as the lesser of the actual contact
area or the area of the base metal supporting the
contact surface.

(2) When bearing loads are applied on parts having
freeedges, suchasat aprotruding ledge, thepossibilityof a
shear failure shall be considered. The average shear stress
shall be limited to 0.6Sm in the case of design load stress
[Section III Appendices, Mandatory Appendix XIII, XIII-
1300(m)] and to 0.5Sy in the case of design load stress

Table NCD-3215.1(a)-1
Pressure and Temperature Relationships

Condition
Pressure at Top of

Vessel
Pressure Due to Static

Head [Note (1)] Temperature Remarks
Condition 1
For vessel as a whole Design Pressure None Coincident metal Pressure and temperature to be stamped

on nameplate
At any point Coincident pressure Pressure to point under

consideration due to
static head of vessel
contents

Design coincident
temperature

Temperature at various points may vary,
in which case the maximum for these
conditions shall be used for the vessel
as a whole or coincident conditions for
specific locations shall be listed on the
Certificate Holder’s Data Report and
Stamping

Condition 2
At any point Coincident pressure Coincident pressure to

point under
consideration due to
static head

Design Temperature Higher temperature and lower pressure
combinations (than Condition 1) shall
be checked or a part may be designed
for the Maximum Design Pressure and
the Design Temperature

Condition 3
For vessel as a whole Test pressure None Test temperature …
At any point Test pressure Pressure at point under

consideration due to
static head

Test Temperature …

Condition 4
Forvessel as awholeor
any part

Coincident pressure … Minimum permissible
temperature

Minimum permissible temperature is
used together with impact testing to
determine suitability of material at
service temperature

Safety value setting … … Usually set above the service pressure
but not over the limits set in
Article NCD-7000

NOTE: (1) Similar applications shall be made for other sources of pressure variation such as that resulting from flow.
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plus secondary stress [Section III Appendices, Mandatory
Appendix XIII, XIII-1300(ab)]. For clad surfaces, if the
configuration or thickness is such that a shear failure
couldoccurentirelywithin thecladmaterial, theallowable
shear stress for the cladding shall be determined from the
properties of the equivalent wrought material. If the
configuration is such that a shear failure could occur
across a path that is partially base metal and partially
clad material, the allowable shear stresses for each mate-
rial shall be used when evaluating the combined resis-
tance to this type of failure.

(3) When considering bearing stresses in pins and
similarmembers, theSyvalueat temperature is applicable,
except that a value of 1.5Symaybeused if no credit is given
to bearing areawithin one pin diameter from a plate edge.
(b) PureShear. Theaverageprimaryshearstressacross

a section under Design Loadings in pure shear, for
example, keys, shear rings, and screw threads, shall be
limited to 0.6Sm. The maximum primary shear under
Design Loadings, exclusive of stress concentration at
the periphery of a solid circular section in torsion,
shall be limited to 0.8Sm.
(c) Progressive Distortion of Nonintegral Connections.

Screwed‐on caps, screwed‐in plugs, shear ring closures,
and breech lock closures are examples of nonintegral
connections which are subject to failure by bell mouthing
or other types of progressive deformation. If any combi-
nation of applied loads produces yielding, such joints are
subject to ratcheting because the mating members may
become loose at the end of each complete operating
cycle and start the next cycle in a new relationship
with each other, with or without manual manipulation.
Additional distortionmayoccur in each cycle so that inter-
locking parts, such as threads, can eventually lose engage-
ment. Therefore, primary plus secondary stress
intensities (Section III Appendices, Mandatory Appendix
XIII, XIII-3420),which result in slippagebetween theparts
of a nonintegral connection inwhichdisengagement could
occur as a result of progressive distortion, shall be limited
to the value Sy given in Section II, Part D, Subpart 1,
Table Y-1.

NCD-3217 Design Criteria

These design requirements provide specific design
rules for certain commonly used pressure vessel
shapes under pressure loading and, within prescribed
limits, rules for the treatment of other loadings. Simplified
criteria are included for determining whether an analysis
for cyclic operation shall be made. The thickness of the
vessel parts and attached supports covered by these
rules shall be determined by the applicable equation
using the most severe combination of loadings and
design stress intensities kSm expected to occur simulta-
neously during design and service conditions. The
basis for these equations is given in (a) through (d)

below. Table NCD-3217-1 lists values of k that are appro-
priate for various load combinations.
(a) The theory of failure used in this subarticle is the

maximum shear stress theory, except in the case of some
specifically designated configurations, shapes, or design
rules includedasapartof this subarticle. Stress intensity is
defined as two times the maximum shear stress.
(b) The average value of the general primary

membrane stress intensity across the thickness of the
section under consideration Pm, due to any combination
of pressure and mechanical loadings expected to occur
simultaneously, should not exceed the design stress inten-
sity value kSm.
(c) The local primarymembrane stress intensityPLdue

to any combination of pressure and mechanical loadings
expected to occur simultaneously is limited to 1.5kSm. The
distance over which the stress intensity exceeds 1.1kSm
shall not extend in the meridional direction more than

Rt1.0 , where R is the mean radius at the midsurface
of the shell or head and t is the nominal thickness of
the shell or head at the point under consideration. Exam-
ples of local primary membrane stress include

(1) membrane stress ina shell produced locallybyan
external load

(2) membrane stress in a shell at a permanent
support or nozzle connection

(3) circumferential membrane stress at the intersec-
tionof a cylindrical shellwitha conical shell due to internal
pressure, as illustrated in Figure NCD-3217-1
(d) The general or local primary membrane plus

bending stress intensity (Pm or PL) + Pb due to any combi-
nation of pressure and mechanical loadings expected to
occur simultaneously shall not exceed 1.5 kSm. When the
design of vessels involves combinations of calculated

Table NCD-3217-1
Stress Intensity k Factors for Design and Service Load

Combinations

Service Limits [Note (1)] k [Note (2)]
Design 1.0
Level A [Note (3)] 1.0
Level B [Note (3)] 1.1
Level C 1.2
Level D [Note (4)] 2.0

NOTES:
(1) For Design Limits, use Design Pressure at design metal tempera-

ture; for Service Limits, use service pressure at service metal
temperature.

(2) The conditionof structural instability orbucklingmust be consid-
ered.

(3) See NCD-3219 and Section III Appendices, Mandatory Appendix
XIII.

(4) When a complete analysis is performed in accordance with
NCD-3211.1(c), Section III Appendices, Mandatory Appendix
XXVII may be applied.
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Figure NCD-3217-1
ð23ÞExample of Acceptable Local Primary Membrane Stress Due to Pressure

P

CL

V2

Pressure shell meridian

V1

t R

PL

Pm

SImax

Allowable Stress
Intensity Limits

1.5kSm [maximum allowable, Note (1)]

1.1kSm [Note (1)]

1.0kSm

S
tr

es
s 

In
te

n
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ty
 (

P m
 , 

P L
)

Local primary
  membrane stress
 (PL) region

Meridional Distance

Legend:
P = pressure
R = minimum midsurface radius curvature
t = minimum thickness in stressed region considered

PL = local primary membrane stress intensity limit applies within local region
Pm = general primary membrane stress intensity limit applies outside the local region

SImax = maximum stress intensity
kSm = allowable stress intensity for the material at service temperature, see NCD-3216.1; for values of stress intensity k factor, see

Table NCD-3217-1
V1 andV2 = meridional forces

NOTE: (1) See NCD-3217(c) for limits.

ASME BPVC.III.1.NCD-2023

51

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.1.

NCD (A
SME BPVC Sec

tio
n I

II D
ivis

ion
 1 

Sub
se

cti
on

 N
CD) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NCD (ASME BPVC Section III Division 1 Subsection NCD) 2023.pdf


stresses, the provisions of Section III Appendices, Manda-
tory Appendix XIII apply.

NCD-3217.1 Secondary Stresses. Secondary stresses
mayexist in vessels designedand fabricated in accordance
with the rules of this subarticle, but limitations are
provided to restrict such stresses to levels consistent
with the rules in Section III Appendices, Mandatory
Appendix XIII. Where details are not covered or where
design conditions exceed the equation limitations, a
detailed stress analysis in accordance with the rules of
Section III Appendices, Mandatory Appendix XIII shall
be made. Secondary stresses need be evaluated only
for Level A and Level B Limits.

NCD-3217.2 Definitions.

Pb = primary bending stress intensity, psi (MPa). This
stress intensity is the component of primary stress
proportional to the distance from the centroid of
the solid section. It excludes discontinuities and
concentrations and is produced only by pressure
and other mechanical loads.

PL = local primary membrane stress intensity, psi
(MPa). This stress intensity is derived from the
average value across the solid section under
consideration. It considers discontinuities but
not concentrations.

Pm = general primary membrane stress intensity, psi
(MPa). This stress intensity is derived from the
average value across the solid section under
consideration. It excludes discontinuities and
concentrations and is produced only by pressure
and other mechanical loads.

Sm = design stress intensity values given in Section II,
Part D, Subpart 1, Tables 2A, 2B, and 4, psi (MPa)

Sy = yield strength values given in Section II, Part D,
Subpart 1, Table Y-1, psi (MPa)

NCD-3218 Upper Limits of Test Pressure

The evaluation of pressure test loadings shall be in
accordance with (a) through (d) below.
(a) Test Pressure Limit. If the calculated pressure at any

point in a vessel, including static head, exceeds the
required test pressure defined in NCD-6221 or
NCD-6321 by more than 6%, the resulting stresses
shall be calculated using all the loadings that may exist
during the test. The stress allowables for this situation
are given in (b) and (c) below.
(b) Hydrostatically Tested Vessels. The hydrostatic test

pressure of a completed vessel shall not exceed that value
which results in the following stress intensity limits:

(1) a calculated primary membrane stress intensity
Pm of 90% of the tabulated yield strength Sy at test
temperature as given in Section II, Part D, Subpart 1,
Table Y-1.

(2) a calculated primary membrane plus primary
bending stress intensity Pm + Pb shall not exceed the ap-
plicable limits given in (-a) or (-b) below:

(-a) Pm + Pb ≤ 1.35Sy for Pm ≤ 0.67Sy
(-b) Pm + Pb ≤ (2.15Sy − 1.2Pm) for 0.67Sy

< Pm ≤ 0.90Sy
where Sy is the tabulated yield strength at test

temperature. For other than rectangular sections,
Pm + Pb shall not exceed a value of α times 0.9Sy,
where the factor α is defined as the ratio of the load
set producing a fully plastic section divided by the
load set producing initial yielding in the extreme fibers
of the section.
(c) Pneumatically Tested Vessels. The limits given in (b)

above shall apply to pneumatically tested vessels, except
that the calculated membrane stress intensity shall be
limited to 80% of the yield strength at the test tempera-
ture. For other than rectangular sections, Pm + Pb shall not
exceed a value of α times 0.8Sy, where the factor α is
defined in (b)(2) above.
(d) Multichamber Vessels. In the case of multichamber

vessels, pressure may be applied simultaneously to the
appropriate adjacent chamber to maintain the stress
intensity limits given in (b) and (c) above (NCD-6600).

NCD-3219 Fatigue Evaluation

When determining whether or not a fatigue analysis
shall be specified, the Owner may consider experience
with comparable vessels under similar conditions in
accordance with the provisions of NCD-3219.1. When
not based upon significant applicable service experience,
the need for a fatigue analysis shall be determined in
accordance with the provisions of NCD-3219.2 and
NCD-3219.3.

NCD-3219.1 Service Experience. When the Owner is
considering experience with comparable vessels under
similar service conditions as related to the design and
service contemplated, particular attention shall be
given to the possible deleterious effects of the design
features of (a) through (e) below:
(a) nonintegral construction, such as the use of pad

type reinforcements or of fillet welded attachments, as
opposed to integral construction;
(b) use of pipe threaded connections, particularly for

diameters in excess of 23∕4 in. (70 mm);
(c) stud bolted attachments;
(d) partial penetration welds;
(e) major thickness changes between adjacent

members.

NCD-3219.2 Rules to Determine Need for Fatigue
Analysis of Integral Parts of Vessels. A fatigue analysis
need not be made, provided all of Condition A or all of
Condition B is met. If neither Condition A nor B is met,
a detailed fatigue analysis shall be made in accordance
with the rules of Section III Appendices, Mandatory
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Appendices XIII for those parts which do not satisfy the
conditions. The rules of Condition A or Condition B are
applicable to all integral parts of the vessel, including inte-
grally reinforced typenozzles. Forvesselshavingpad‐type
nozzles or nonintegral attachments, the requirements of
NCD-3219.3 apply.

NCD-3219.2.1 Condition A. Fatigue analysis is not
mandatory for materials having a specified minimum
tensile strength not exceeding 80.0 ksi (550 MPa)
when the total of the expected number of cycles of
types (a) plus (b) plus (c) plus (d), defined below,
does not exceed 1,000 cycles:
(a) is the expected design number of full range pressure

cycles including startup and shutdown;
(b) is the expected number of service pressure cycles in

which the range of pressure variation exceeds 20% of the
Design Pressure. Cycles in which the pressure variation
does not exceed 20% of the Design Pressure are not
limited in number. Pressure cycles caused by fluctuations
in atmospheric conditions need not be considered;
(c) is the effective number of changes in metal tempera-

ture11 between any two adjacent points in the pressure
vessel, including nozzles. The effective number of such
changes is determined by multiplying the number of
changes in metal temperature of a certain magnitude
by the factor given in the following table, and by
adding the resulting numbers. The factors are as follows:

Metal Temperature Differential, °F (°C) Factor
50 (28) or less 0
51 to 100 (29 to 56) 1
101 to 150 (57 to 83) 2
151 to 250 (84 to 139) 4
251 to 350 (140 to 194) 8
351 to 450 (195 to 250) 12
Excess of 450 (250) 20

(For example: Consider a design subjected to metal
temperature differentials for the following number of
times:

ΔT, °F (°C) Cycles
40 (22) 1,000
90 (50) 250
400 (220) 5

The effective number of changes in metal temperature is
+ + =1,000(0) 250(1) 5(12) 310

The number used as type (c) in performing the compar-
isonwith 1,000 is then310. Temperature cycles caused by
fluctuations inatmospheric conditionsneednotbeconsid-
ered.)
NOTE: Adjacent points are defined in (a) and (b) below.

(a) For surface temperature differences:
(1) on surfaces of revolution, in themeridional direction,

adjacent points are defined as points that are less than the
distance Rt2 , where R is the radius measured normal to the
surface from the axis of rotation to the midjoint wall, and t
is the thickness of the part at the point under consideration;
if the product of Rt varies, the average value of the points
shall be used;

(2) on surfaces of revolution, in the circumferential
direction and on flat parts (such as flanges and flat heads) adja-
cent points are defined as any two points on the same surface.

(b) For through‐thickness temperature differences, adja-
cent points are defined as any two points on a line normal to
any surface.

(d) for vessels with welds between materials having
different coefficients of expansion, is the number of
temperature cycles which causes the value of (α1 − α2)
ΔT to exceed 0.00034 where α1 and α2 are the mean coef-
ficients of thermal expansion, 1/°F (1/°C) (Section II, Part
D, Subpart 2, Tables TE), and ΔT is the operating tempera-
ture range, °F (°C). This does not apply to cladding.

NCD-3219.2.2 Condition B. Fatigue analysis is not
mandatorywhen all of the conditions of Section III Appen-
dices, Mandatory Appendix XIII, XIII-3510 are met.

NCD-3219.3 Rules to Determine Need for Fatigue
Analysis of Nozzles With Separate Reinforcement and
Nonintegral Attachments. A fatigue analysis of pad‐
type nozzles and nonintegral attachments need not be
made, provided all of Condition AP or all of Condition
BP is met. If neither Condition AP nor BP is met, a detailed
fatigueanalysismustbemade inaccordancewith the rules
of Section III Appendices, Mandatory Appendix XIII.
NCD-3237 gives further limitations on pad‐type nozzles.

NCD-3219.3.1 Condition AP. Fatigue analysis of
pad‐type nozzles and nonintegral attachments is notman-
datory for materials having specified minimum tensile
strength not exceeding 80.0 ksi (550 MPa) when the
total of the expected number of cycles of types (a) plus
(b) plus (c) plus (d), defined below, does not exceed 400:
(a) is the expected design number of full range pressure

cycles including startup and shutdown;
(b) is the expected number of service pressure cycles in

which the range of pressure variation exceeds 15% of the
Design Pressure. Cycles in which the pressure variation
does not exceed 15% of the Design Pressure are not
limited in number. Pressure cycles caused by fluctuations
in atmospheric conditions need not be considered.
(c) is the effective number of changes in metal tempera-

ture11 between any two adjacent points in the pressure
vessel, including nozzles. In calculating the temperature
difference between adjacent points, conductive heat
transfer shall be considered only through welded or inte-
gral cross sections with no allowance for conductive heat
transfer across unwelded contact surfaces. The effective
number of changes is determined by multiplying the
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number of changes in metal temperature of a certain
magnitude by the factor, given in the following table,
and by adding the resulting numbers. The factors are
as follows:

Metal Temperature Differential,°F (°C) Factor
50 (28) or less 0
51 to 100 (29 to 56) 1
101 to 150 (57 to 83) 2
151 to 250 (84 to 139) 4
251 to 350 (140 to 194) 8
351 to 450 (195 to 250) 12
Excess of 450 (250) 20

(For example: Consider a design subjected to metal
temperature differentials for the following number of
times:

ΔT, °F (°C) Cycles
50 (28) 1,000
90 (50) 250
400 (220) 5

The effective number of changes in metal temperature is
+ + =1,000(0) 250(1) 5(12) 310

The number used as type (c) in performing the compar-
isonwith 1,000 is then 310. Temperature cycles caused by
fluctuations inatmospheric conditionsneednotbeconsid-
ered.)
Adjacentpointsaredefinedaspoints that are spaced less

than the distance Rt2 from each other, where R and t are
the mean radius and thickness, respectively, of the vessel,
nozzle, flange, orotherpart inwhich thepointsare located.
(d) for vessels with welds between materials having

different coefficients of expansion, is the number of
temperature cycles which causes the value of (α1 − α2)
ΔT to exceed 0.00034, where α1 and α2 are themean coef-
ficients of thermal expansion, 1/°F (1/°C) (Section II, Part
D, Subpart 2, TablesTE), andΔT is the service temperature
range, °F (°C). This does not apply to cladding.

NCD-3219.3.2 Condition BP All of the require-
ments of NCD-3219.2.2, Condition B, are met using the
adjusted values in (a) through (c) below.
(a) Use a value of 4 instead of 3 in Section III Appen-

dices, Mandatory Appendix XIII, XIII-3510(a).
(b) Use a value of one‐quarter instead of one‐third in

Section III Appendices, Mandatory Appendix XIII, XIII-
3510(b).
(c) Use a value of 2.7 instead of 2 in the denominator of

Section III Appendices, Mandatory Appendix XIII, XIII-
3510(c), XIII-3510(d), and XIII-3510(e).

NCD-3220 DESIGN CONSIDERATIONS

NCD-3221 Design Loadings

The provisions of NCD-3210 apply.

NCD-3222 Special Considerations

The provisions of NCD-3121 and NCD-3214 apply.

NCD-3223 General Design Rules

NCD-3223.1 General Requirements. The design shall
be such that the design rules of NCD-3200 are satisfied
for all configurations and loadings, using the design
stress intensity values Sm of Section II, Part D, Subpart
1, Tables 2A, 2B, and 4 in the various equations.

NCD-3223.2 Design Reports. The Certificate Holder
shall provide a Design Report conforming to the require-
ments of NCD-3211.1(e).

NCD-3224 Vessels and Parts Under Internal
Pressure

NCD-3224.1 General Requirements. The thickness of
vessels and parts under internal pressure shall be not
less than that computed by the equations in the following
paragraphs. In addition, provision shall be made for the
applicable load combinations listed in NCD-3218 in estab-
lishing the value of F as defined below.

NCD-3224.2 Nomenclature. The symbols used are
defined below. Except for test conditions, dimensions
used or calculated shall be in the corroded condition.

D = inside diameter of a head skirt or inside length of
the major axis of an ellipsoidal head or inside
diameter of a conical head at the point under
consideration measured perpendicular to the
axis of revolution.

F = meridional membrane force in the shell wall at the
point under consideration resulting from primary
loadings other than internal pressure, lb/in. (N/
mm) length of circumference. If this force is not
uniform, as when resulting from wind or earth-
quake moment loading, the loading requiring
the greatest shell thickness shall be used where
the tensile load is positive.

h = one‐half the length of the minor axis of an ellip-
soidal head or the inside depth of an ellipsoidal
head, measured from the tangent line

k = stress intensity factor for design, service, and test
load combination from Table NCD-3217-1

L = inside spherical or crown radius of torispherical
and hemispherical heads

P = internal pressure at the top of vessel plus any pres-
sure due to the static head of the fluid, at any point
under consideration, psi (MPa)
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Q = a factor in the equations for cone to cylinder junc-
tions depending on P/S and α

R = inside radius of the shell under consideration. This
radius is measured normal to the surface from the
of revolution

RL = radius of a cylinder at the large end of a cone to
cylinder junction

Rs = radius of a cylinder at the small end of a cone to
cylinder junction

r = inside knuckle radius of torispherical and torico-
nical heads

S = membrane stress intensity limit from Section II,
Part D, Subpart 1, Tables 2A, 2B, and 4 multiplied
by the stress intensity factor in Table NCD-3217-1

x = kSm, psi (MPa)
t = minimum required thickness of shell
tr = Q times the required thickness of a cylinder calcu-

lated in accordance with NCD-3224.13(b)(6)(-b)
α = one‐half of theapexangleof a cone to cylinder junc-

tion

NCD-3224.3 MinimumThicknessofCylindricalShells.
The minimum thickness of cylindrical shells shall be the
greatest of the thicknesses determined by (a), (b), and (c)
below.
(a)

=t PR
S P0.5

If P > 0.4S, the following equation must be used:
+ =R t
R

P
S

ln
( )

where ln is the natural log.
(b) If F is positive and exceeds 0.5PR,

= +t PR F
S P

0.5
0.5

(c) If F is negative, the condition of axial structural
instability or buckling shall be considered separately
(see NCD-3245).

NCD-3224.4 Minimum Thickness of Spherical Shells.
The minimum thickness of spherical shells shall be the
greatest of the thicknesses determined by (a), (b), and
(c) below.

(a)

=t PR
S P

0.5
0.25

If P > 0.4S, the following equation may be used:
+ =R t
R

P
S

ln
( ) 0.5

(b) If F is positive,

= +t PR F
S P
0.5

0.25

(c) If F is negative, the condition of instability shall be
considered. NCD-3245 for cylinders may be used for
spheres, provided biaxial compression does not exist.

NCD-3224.5 Minimum Thickness of Formed Heads.
The minimum thickness at the thinnest point after
forming of ellipsoidal, torispherical, and hemispherical
heads under pressure acting against the concave
surface shall be determined by the appropriate rule or
equation in the following subparagraphs.

NCD-3224.6 Minimum Thickness of Ellipsoidal
Heads12. The minimum thickness of a 2:1 ellipsoidal
head shall be established using the procedures given
in NCD-3224.8 and the curve of Figure NCD-3224.6-1
which is labeled “2:1 ellipsoidal head.” Ellipsoidal head
designs which have D/2h values different from 2 shall
beanalyzedasequivalent torispherical headsoraccording
to Section III Appendices, Mandatory Appendix II, orMan-
datory Appendix XIII. The cylindrical shell to which the
head is attached shall be equal to or greater in thickness
than the required head thickness for a distance, measured
from the tangent line along the cylinder, of not less than

Rt . Transition joints to shells of thickness less than the
required head thickness shall not be located within the
minimum distance. Transition joints to shells of thickness
greater than the required head thickness may be located
within this minimum distance and shall be in accordance
with NCD-3361 and Figure NCD-3358.1(a)-1. Heads
having D/2h = 2 have equivalent torispherical properties
of a torisphere of L/D = 0.90 and r/D = 0.17.

NCD-3224.7 Minimum Thickness of Hemispherical
Heads. For hemispherical heads, the thickness shall be
as required for spherical shells, NCD-3224.4. The require-
ments for the transition to cylindrical shells of different
thickness, given in NCD-3361 and Figure NCD-3361.1-1,
shall be met.

NCD-3224.8 Minimum Thickness of Torispherical
Heads. The minimum thickness of a torispherical head
having t/L ≥ 0.002 up to a t/Lwhere P/S ≤ 0.08 (approxi-
mately t/L =0.04 to 0.05) shall be established byusing the
curves in FigureNCD-3224.6-1. Interpolationmaybeused
for r/D values which fall within the range of the curves;
however, no extrapolation of the curves is permitted. For
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Figure NCD-3224.6-1
Design Curves for Torispherical Heads and 2:1 Ellipsoidal Heads for Use With NCD-3224.8 and NCD-3224.6
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L
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designswhereP/S >0.08,which is above theupper limitof
Figure NCD-3224.6-1 the thickness shall be set by the
following equation:

= ( )t
D

e
2

1P S

Where t/L < 0.002, which is below the lower limit of
Figure NCD-3224.6-1, the head design must be analyzed
according to Section III Appendices, Mandatory Appendix
II, or Mandatory Appendix XIII. The cylindrical shell to
which the head is attached shall be equal to or greater
in thickness than the required head thickness for a
distance, measured from the tangent line along the cylin-
der, of not less than Rt . Transition joints to shells of thick-
ness less than the required head thickness shall not be
located within this minimum distance. Transition joints
to shells of thickness greater than the required head thick-
ness may be located within this minimum distance and
shall be in accordance with NCD-3361 and Figure
NCD-3358.1(a)-1. Heads havingD/2h = 2 have equivalent
torispherical properties of a torisphere of L/D = 0.90 and
r/D = 0.17.

NCD-3224.8.1 Crown and Knuckle Radii. In
connection with the design procedures of NCD-3224.8
and Figure NCD-3224.6-1 the inside crown radius to
which an unstayed head is formed shall not be greater
than the inside diameter of the skirt of the head. The
inside knuckle radius of a torispherical head shall not
be less than 6% of the outside diameter of the skirt
nor less than three times the head thickness.

NCD-3224.9 Minimum Thickness of Integral Head
Skirts. In addition to the requirements of NCD-3224.8
or NCD-3224.6 when an integral head skirt is provided,
theskirt thickness shall notbe less than the required thick-
nessof a seamless shell of the samediameter.All transition
joints shall be in accordance with NCD-3361 and Figure
NCD-3358.1(a)-1.

NCD-3224.10 Composite Head Shapes.A head for a cy-
lindrical shell may be built up of several head shapes, the
thicknesses of which satisfy the requirements of the
appropriate equations above. The adjoining shapes
mustbe so formed that theyhavea common tangent trans-
verse to the joint. Any taper at a joint shall be within the
boundary of the shape having the thinner wall
(Figure NCD-3361.1-1).

NCD-3224.11 Loadings onHeadsOther ThanPressure.
Provision shall be made for other loadings given in
NCD-3212. For torispherical and ellipsoidal heads, the
effect of other loadingsmust be determined in accordance
with Section III Appendices, Mandatory Appendix II, or
Mandatory Appendix XIII. For the conical or spherical
portions of heads, the effect of composite loading may
be treated as in NCD-3224.3, NCD-3224.4, and
NCD-3224.13(a)(4).

NCD-3224.12 Toriconical Heads. (In preparation.)

NCD-3224.13 Reducer Sections.

(a) General Requirements
(1) Applicable Equations andRules. These rules apply

to concentric reducer sections when all the longitudinal
loads are transmitted wholly through the shell of the
reducer. When loads are transmitted in part or as a
whole by other elements, such as inner shells, stays, or
tubes, these rules do not apply.

(2) Minimum Thickness of Reducer Elements. The
thicknessof eachelementof a reducerunder internalpres-
sure shall not be less than that computed by the applicable
equation. In addition, provisions shall be made for any of
the other loadings listed in NCD-3212.

(3) Transition Section Reducers Joining Two Cylin-
drical Shells. A transition section reducer consisting of
one or more elements may be used to join two cylindrical
shell sections of different diameters but with a common
axis, provided these requirements are met.

(4) Minimum Thickness of Conical Shells . The
minimum thickness of conical shells shall be determined
by the sameequations as for cylindrical shells inwhichR is
the radius measured normal to the wall surface at the
point under consideration. Subparagraphs (b) and (c)
give rules for cone to cylinder junctions of the large
and small end, respectively.

(-a)

=t PR
S P0.5

If P > 0.4S,
+ =R t
R

P
S

ln
( )

(-b) If F is positive and exceeds 0.5 PR,

= +t PR F
S P

0.5
0.5

(-c) IfF is negative, the conditionof axial structural
instability or buckling must be considered separately.
NCD-3245 for cylinders may be used for conical sections.

(5) Knuckle Tangent to the Larger Cylinder. When a
knuckle is usedat the large endof a reducer section, it shall
have a shape that is a portion of an ellipsoidal, hemisphe-
rical, toriconical, or torispherical head. The thickness and
other dimensions shall satisfy the requirements of
NCD-3224.5.

(6) Combination of Elements to Form a Reducer.
When elements having different thicknesses are
combined to form a reducer, the joints including the
plate taper shall lie entirely within the limits of the
thinner element being joined.

(7) Combination of Shapes to Form a Toriconical
Reducer. A toriconical reducer may be shaped as a
portion of a toriconical head or a portion of an ellipsoidal
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head plus a conical section, provided the design of the
small end of the reducer element satisfies the require-
ments of (c).
(b) Supplementary Requirements for Reducer Sections

and Conical Heads, Large End. These rules apply, provided
the requirements of (1) through (6) below are met:

(1) the two parts to be joined have the same rota-
tional axis

(2) the load is internal pressure (see NCD-3224.11)
(3) the joint is a butt weld having its surfaces merge

smoothly, both inside and outside, with the adjacent cone
and cylinder surfaces without reducing the thickness

(4) the weld at the junction is radiographed and
meets the requirements of NCD-5250

(5) the junction is not closer than ×R t4 L r to
another junction or major discontinuity

(6) Reinforcement Requirements
(-a) When InherentReinforcement IsAdequate. The

thicknessof the coneandcylinder forminga junctionat the
large end for half apex angles up to 30 deg need not be
thicker than required by NCD-3224.3 or (a)(4)(-a) if the
point representing the junction lies in theAdequate region
of Figure NCD-3224.13(b)(6)(-a)-1.

(-b) Requirements for Integral Reinforcement.
When the half‐apex angle exceeds the maximum
permitted by Figure NCD-3224.13(b)(6)(-a)-1, the cone
and cylinder must be reinforced in the area adjacent to
the junction. Figure NCD-3224.13(b)(6)(-b)-1 gives Q
values for ratios of Design Pressure P to S and values
of α up to 30 deg. The junction may be reinforced by
making both the cylinder and cone thickness equal to
tr and provided that the requirements of (-1) through
(-3) below are met.

(-1) The increased cylinder thickness extends a
minimumdistanceof R t2.0 L r from the junction,whereRL
is the radius of the cylinder at the large end of the cone.

(-2) The increased cone thickness extends a
minimum distance of R t2.0 cosL r from the junction.

(-3) In no case shall t be less than the thickness
required for the cone in accordance with NCD-3224.3.
(c) Supplementary Requirements for Reducer Section’s

Small End. These rules apply, provided the requirements
of (1) through (6) below are met:

(1) the two parts to be joined have the same rota-
tional axis

Figure NCD-3224.13(b)(6)(-a)-1
Inherent Reinforcement for Large End of Cone–Cylinder Junction

0.005

0.006

0.008

0.010

0.02

0.012

0.004

0.003

0.002

0.001

Maximum Angle,    , dega

P/
S

10 15 20 3025 35

Adequate

Increase thickness

Not permitted

GENERAL NOTE: Curve governed by maximum stress intensity at surface primarily due to axial bending stress, limited to 3S.
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(2) the load is internal pressure (NCD-3224.11)
(3) the joint is a butt weld having its surfaces merge

smoothly, both inside and outside, with the adjacent cone
and cylinder surfaces without reducing the thickness

(4) the weld at the junction is radiographed and
meets the requirements of NCD-5250

(5) the junction is not closer than R t2.8 s r to another
junction or discontinuity, where Rs is the radius of the
cylinder at the small end of the cone

(6) Reinforcement Requirements:
(-a) When InherentReinforcement IsAdequate. The

thicknessof theconeandcylinder forminga junctionat the
small end of half apex angles up to 30 deg need not be
thicker than required by NCD-3224.3 if the point repre-
senting the junction lies in the Adequate region of Figure
NCD-3224.13(c)(6)(-a)-1.

(-b) Requirements for Integral Reinforcement.
When thehalf apex angle exceeds themaximumpermitted
by Figure NCD-3224.13(c)(6)(-a)-1, the cone and cylinder

must be reinforced in the area adjacent to the junction.
Figure NCD-3224.13(c)(6)(-b)-1 gives Q values for
ratios of Design Pressure P to S and values of α up to
30 deg. The junction may be reinforced by making
both the cylinder and cone thickness equal to tr and
provided that the requirements of (-1) through (-3)
below are met.

(-1) The increased cylinder thickness tr extends
a minimum distance R t1.4 s r from the junction.

(-2) The increased cone thickness tr extends a
minimum distance R t1.4 coss r from the junction.

(-3) In no case shall tr be less than the thickness
required for the cone in accordance with NCD-3224.3 at a
distance R t1.4 coss r from the junction.
(d) Supplementary Requirements for Reducer Sections,

Small End, Treated As Openings. Cone to cylinder junctions
at the small ends of reducers as shown in Figure
NCD-3224.13(d)-1 may be treated as openings in

Figure NCD-3224.13(b)(6)(-b)-1
Values for Q for Large End of Cone–Cylinder Junction
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3
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GENERAL NOTE: Curves governed by maximum stress intensity at surface primarily due to axial bending stress limited to 3Sm.
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Figure NCD-3224.13(c)(6)(-a)-1
Inherent Reinforcement for Small End of Cone–Cylinder Junction
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GENERAL NOTE: Curve governed by membrane stress intensity due to average circumferential tension stress and average radial compression
stress limited by 1.1Sm at × t0.5 radius either side of junction, where radius =Rs + tr/2 on the cylinder side and (Rs + tr/2)/cos α on the cone side.
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Figure NCD-3224.13(c)(6)(-b)-1
Values for Q for Small End of Cone–Cylinder Junction
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GENERAL NOTE: Curves governed by membrane stress intensity due to average circumferential tension stress and average radial compression
stress limited by 1.1Sm at × t0.5 radius either side of junction, where radius =Rs + tr/2 on the cylinder side and (Rs + tr/2)/cos α on the cone side.
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conical heads provided the requirements of (1) through
(4) below are met.

(1) The diameter d of the small end is not more than
one‐half the diameter of the large end.

(2) The half apex angle α is greater than 30 deg but
not greater than 60 deg.

(3) The reinforcement meets the requirements of
NCD-3232 and NCD-3234.1 except that the total cross‐
sectional area of reinforcement A required at the junction
in any plane for a vessel under internal pressure shall not
be less than A = dt tan α/2 and two‐thirds of this area shall
be providedwithin a limit of dt0.5 2 measured along the

cylinder and dt0.5 2 cos2 measured along the cone.
(4) Reinforcement shall be integral with cone or cyl-

inder and all other applicable requirements of NCD-3230
are met.

NCD-3224.14 Minimum Thickness of Nozzle Necks
and Other Connections. The wall thickness of a nozzle
neck or other connection shall not be less than the thick-
ness computed for the applicable loadings plus the thick-

ness added for corrosion and erosion allowance and,
except for access openings and openings for inspection
only, not less than the smaller of (a) and (b) below:
(a) the required thickness of the shell or head to which

the connection is attached plus the corrosion allowance
provided in the shell or head adjacent to the connection;
(b) the minimum thickness of standard wall pipe plus

thecorrosionallowanceon theconnections.Theminimum
thickness for all pipe materials is the nominal thickness
listed in Table 2 of ASME B36.10M less 121∕2%. For
diameters other than those listed in the table, the
minimum thickness shall be that of the next larger
pipe size.

NCD-3224.15 Other Loadings. When necessary,
vessels shall be provided with stiffeners or other addi-
tional means of support to prevent overstress or large
distortions under the external loadings listed in
NCD-3111 other than pressure and temperature.

Figure NCD-3224.13(d)-1
Cone–Cylinder Junction at Small End Treated as Opening

(a) (b)

30 deg ,    < 60 deg

See Figure NCD-3259.3-1
for attachment

weld requirements

1

3

A3

A3

A1

t

d

t

2

A1

A2
A2 5 0

a
a

a

d
2

1

1

3

3

+ +A A A A1 2 3

where

A1 = reinforcement area integral with cone
A2 = reinforcement area integral with cylinder
A3 = area of fillet weld
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NCD-3225 Flat Heads and Covers

The minimum thickness of unstayed flat heads, cover
plates, and blind flanges shall conform to the require-
ments given in this paragraph. Some acceptable types
of f lat heads and covers are shown in Figure
NCD-3225-2. The dimensions are exclusive of extra
metal added for corrosion allowance.

NCD-3225.1 Nomenclature. The notations used are
defined as follows:

C = a factor depending upon themethod of attachment
of head, shell dimensions, and other items as listed
in NCD-3225 .2 , d imens ion less (F igures
NCD-3225-1 through NCD-3225-3)

D = bolt circle diameter
d = diameter
hG = gasket moment arm, equal to the radial distance

from the center line of the bolts to the line of
the gasket reaction (Figure NCD-3225-2)

L = distance from center line of head to shell weld to
tangent line on formed heads, as indicated in
Figure NCD-3225-2 sketch (a)

m = the ratio tr/ts, dimensionless
P = Design Pressure, psi (MPa)
r = inside corner radius on a head formed by flanging

or forging
S = design stress intensity Sm from Section II, Part D,

Subpart 1, Tables 2A, 2B, and 4multiplied by tabu-
lated stress intensities, psi (MPa)

T = minimum required thickness of flat head, cover, or
flange, exclusive of corrosion allowance

tf = actual thickness of the flange on a formed head, at
the large end, exclusive of corrosion allowance

tp = the smallest dimension from the face of the head to
the edge of the weld preparation

tr = required thickness of shell or nozzle for pressure
ts = actual thickness of shell or nozzle
W = total bolt load

NCD-3225.2 Equations for Minimum Thickness13.

(a) The thickness of flat heads, as shown in Figures
NCD-3225-1 through NCD-3225-3, shall be not less
than that calculated by the following equation:

=T d CP S

(b) The thickness of cover plates and blind flanges
attached by bolts causing an edge moment as shown in
Figure NCD-3225-2 shall be not less than that calculated
by the following equation:

= +T d CP S Wh Sd1.27 G
3

NOTE: In some cases, the initial bolt load required to seat the
gasket is larger than the service bolt load. The thickness should
be checked for both the service condition and the initial bolt load
required to seat the gasket.

NCD-3227 Quick Actuating Closures

The requirements for quick actuating closures are given
in NCD-3327.

NCD-3230 OPENINGS AND THEIR
REINFORCEMENT

NCD-3231 General Requirements

The rules contained in this subarticle provide for a satis-
factory design in the vicinity of openings in the pressure
shell, under pressure loading only, on the basis of its
opening shape, area replacement, and distribution,
provided a fatigue analysis is not required. These rules
do not include design requirements for piping loads
that may be imposed on the nozzle or shell portion or
both and that may be added to the pressure loadings.
Such additional loadings shall be considered by the
designer.

NCD-3231.1 Dimensions and Shape of Openings.

(a) Openings, except as permitted under (b), shall be
circular, elliptical, orof anyother shapewhich results from
the intersection of a circular or elliptical cylinder with
vessels of the shapes for which equations are given in
NCD-3220, provided the requirements of (1) through
(4) below are met.

(1) The ratio of the diameter along the major axis to
the diameter along the minor axis of the finished opening
is 1.5 or less.

(2) The ratio d/D ≤ 0.50where d is the largest inside
diameter of the intersecting nozzle and D is the inside
diameter of the vessel.

(3) 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 for openings in a head or for openings
along the longitudinal axis of a shell and is not less
than two times the sum of their inside radii for openings
along the circumference of a cylindrical shell. When two
nozzles in a cylindrical shell are neither in a longitudinal
line nor in a circumferential arc, their center line distance
along the inside surface of the shell shall be such that
[(Lc/2)2 + (Ll/3)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 longitu-
dinal direction.
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Figure NCD-3225-1
Typical Flat Heads and Supported and Unsupported Tubesheets With Hubs

For unstayed
 flat heads: C = 0.33m
 but not less than 0.20,
 when r is not less
 than 1.5ts
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 r is not less than 3tf 
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Figure NCD-3225-2
Some Acceptable Types of Unstayed Flat Heads and Covers

d 

T 

T 

L 
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C 5 0.33m but not less than 0.20

Min. r
5 3T
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5 3tf
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Taper 

Center of weld 

(a) (b) 
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T 
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GENERAL NOTE: All these illustrations are diagrammatic only. Other designs that meet the requirements of NCD-3225.2 are acceptable.
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Figure NCD-3225-3
Attachment of Pressure Parts to Plates to Form a Corner Joint
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(4) Reinforcement isprovidedaround theedgeof the
opening in amount and distribution such that the area
requirements for reinforcement are satisfied for all
planes through the center of the opening and normal
to the vessel surface as stipulated in NCD-3232.2.
(b) Openings of other shapes or dimensions may be

usedsubject to therequirementsof Section IIIAppendices,
Mandatory Appendix XIII or Mandatory Appendix XIII.
(c) Any type of opening permitted by these rules may

be located in a butt welded joint.

NCD-3232 Reinforcement Requirements for
Openings in Shells and Formed Heads

NCD-3232.1ð23Þ Circular Openings Not Requiring Rein-
forcement. Circular openings need not be provided
with reinforcement if all the requirements in (a), (b),
and (c) below are satisfied.
(a) A single opening has a diameter not exceeding

Rt0.2 , or if there are two or more openings within
any circle of diameter, Rt2.5 , then the sum of the
diameters of such unreinforced openings shall not
exceed Rt0.25 .
(b) No two unreinforced openings shall have their

centers closer to each other, measured on the inside of
the 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
shellwhereR is themean radius and t is the nominal thick-
ness of the vessel shell or head at the location of the open-
ings andwhere locally stressed areameans any area in the
shell where the local primary membrane stress exceeds
1.1kSm, but excluding those areas where such local
primary membrane stress is due to an unreinforced
opening.

NCD-3232.2 Required Area of Reinforcement.

(a) The total cross‐sectional area of reinforcement A
required in any given plane for a vessel under internal
pressure shall be not 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 = 1.00 when the plane under consideration is in the
spherical portion of a head or when the given plane
contains the longitudinal axis of a cylindrical shell.
For other planes through a shell, use the value of F
determined from Figure NCD-3332.2-1 except that,
for reinforcing pads, F = 1.

tr = the thickness which meets the requirements of
NCD-3220 in the absence of the opening

(b) Not less thanone‐half the requiredmaterial shall be
on each side of the center l ine of the opening
[NCD-3234.1(b)].

NCD-3233 Required Reinforcement for Openings
in Flat Heads

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

=A dt0.5 r

where

d = the diameter of the finished opening in its corroded
condition

tr = the thickness that meets the requirements of
NCD-3225.2 in the absence of the opening

(b) Flat heads that have an opening with a diameter
that exceeds one‐half of the head diameter shall be
designed according to Section III Appendices, Mandatory
Appendix XIX.

NCD-3234 Limits of Reinforcement

The boundaries of the cross‐sectional area in any plane
normal to thevesselwall andpassing through thecenterof
theopeningwithinwhichmetal shall be located inorder to
have value as reinforcement aredesignated as the limits of
reinforcement for that plane and are as described in the
following subparagraphs.

NCD-3234.1 Limit of Reinforcement Along the Vessel
Wall. The limits of reinforcement, measured along the
midsurface of the nominal wall thickness of the vessel,
shall meet the following:
(a) 100%of the required reinforcement shall bewithin

a distance on each side of the axis of the opening equal to
the greater of the following:

(1) the diameter of the finished opening in the
corroded condition;

(2) the radius of the finishedopening in the corroded
conditionplus the sumof the thicknessesof 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, 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.

NCD-3234.2 Limit of Reinforcement Normal to Vessel
Wall.The limits of reinforcement,measurednormal to the
vesselwall, shall conform to the contour of the surface at a
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distance from each surface equal to the limits given in (a),
(b), and (c) below.
(a) For Figure NCD-3234.2(a)-1 sketches (a) and (b),

the limit is the larger of +r t k(0.5 )m n or (1.73x + 2.5tp
+ k), but not to exceed either 2.5t or (L + 2.5tp), where

k = 0.73r2 when a transition radius (r2) is used
x = the smaller of two legs of the fillet when a fillet

transition is used
L = length along nozzle with thickness of tn plus tran-

sition length
r = inside radius of nozzle
r2 = transition radius between nozzle and wall
rm = mean nozzle radius = r + 0.5tn
t = nominal vessel wall thickness
tn = nominal nozzle thickness
tp = nominal thickness of connecting pipe
x = tn − tp

(b) For Figure NCD-3234.2(a)-1 sketch (c), when
45 ≥ θ ≥ 30 deg, the limit is the larger of ( r t0.5 m n)
or (L′ + 2.5tp), but not to exceed 2.5t; when θ < 30
deg, the limit is the larger r t(0.5 )m n or (1.73x + 2.5tp),
but not to exceed 2.5t, where

L′ = length of tapered section along nozzle
rm = r + 0.5tn′
tn′ = tp + 0.667x
x = slope offset distance
θ = angle between vertical and slope

Other terms are defined in (a) above.
(c) For Figure NCD-3234.2(a)-1 sketch (d), when rein-

forcingpadsor insert plates areused, the limit is the larger
of +r t t(0.5 )m n e or (2.5tn + te), but not to exceed 2.5t. In
no case can the thickness te, used to establish the limit
normal to the shell, exceed 1.5t or 1.73W, where

te = thickness of added reinforcing element
W = width of added reinforcing element

Other terms are defined in (a) above.

NCD-3234.3 Nozzle Piping Transitions. The stress
limits of NCD-3200 shall apply to all portions of
nozzles which lie within the limits of reinforcement
given in NCD-3234, except as noted in NCD-3234.4.
Stresses in the extension of any nozzle beyond the
limits of reinforcement shall meet the stress limits of
NCD-3600.

NCD-3234.4 Consideration of Standard Reinforce-
ment. Where a nozzle‐to‐shell juncture is reinforced in
accordance with the rules of NCD-3234, the stresses in
this region due to internal pressure may be considered
to satisfy the limits of NCD-3217. Under these conditions,
no analysis is required to demonstrate compliance for

pressure-induced stresses in the nozzle region. Where
external piping loads are to be designed for, membrane
plus bending stresses shall be calculated in the nozzle, and
membrane stresses shall be calculated in the local nozzle‐
to‐shell region. These stresses, in conjunction with
pressure-induced stresses, shall meet the limits of
NCD-3217 for (Pm or PL) + Pb. In this case, the pres-
sure-induced stresses in the (Pm or PL) + Pb category
may be assumed to be no greater than the limit specified
for Pm in NCD-3217 for a given condition.

NCD-3235 Metal Available for Reinforcement

Metal may be counted as contributing to the area of
reinforcement called for in NCD-3232.2 and NCD-3233
provided it lies within the area of reinforcement specified
in NCD-3234 and shall be limited to material whichmeets
the requirements of (a) through (e) below:
(a) metal forming a part of the vessel wall which is in

excess of that required on the basis of primary stress
in tens i ty (NCD-3221 through NCD-3224 and
NCD-3225.2) 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) weldmetalwhich is fully continuouswith the vessel

wall;
(d) metal not fully continuous with the shell, such as a

pad continuously welded around its periphery, may be
counted as reinforcement, provided the requirements
of NCD-3237 are met;
(e) the mean coefficient of thermal expansion of metal

to be included as reinforcement under (b), (c), and (d)
above shall be within 15% of the value for the metal
in the vessel wall.

NCD-3235.1 Metal Not Available for Reinforcement.
Metal not fully continuous with the shell, as that in
nozzles attached by partial penetration welds, shall not
be counted as reinforcement.

NCD-3235.2 Reinforcement Metal Limited to One
Opening. Metal available for reinforcement shall not be
considered as applying to more than one opening.

NCD-3236 Strength of Reinforcement Material

Material used for reinforcement shall preferably have
the same design stress intensity value as that of the vessel
wall. In no case shall material with an allowable design
stress intensity value less than 80% of the value of the
vessel wall material at the Design Temperature be
used in determining area available for reinforcement.
If the material of the nozzle wall or reinforcement has
a lower design stress intensity value Sm than that for
the vessel material, the amount of area provided by
the nozzle wall or reinforcement in satisfying the require-
ments of NCD-3232 shall be taken as the actual area
provided multiplied by the ratio of the nozzle or
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Figure NCD-3234.2(a)-1
Nozzle Nomenclature and Dimensions
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reinforcement design stress intensity value to the vessel
material design stress intensity value. No reduction in the
reinforcement requirement may be made if the reinfor-
cing material or weld metal has a design stress intensity
value higher than that of the material of the vessel wall.
The strength of the material at the point under considera-
tion shall be used in fatigue analyses.

NCD-3237 Requirements for Nozzles With
Separate Reinforcing Plates

Except for nozzles at small ends of cones reinforced in
accordance with the requirements of NCD-3224.13(d),
added reinforcement in the form of separate reinforcing
plates may be used, provided the vessel and the nozzles
meet all the conditions of (a) through (d) below.
(a) The specified minimum tensile strengths of the

materials do not exceed 80 ksi (550 MPa).
(b) Theminimumelongationofmaterials is 12%in2 in.

(50 mm).
(c) The thickness of the added reinforcement does not

exceed 11∕2 times the shell thickness.
(d) The requirements of NCD-3219 for pads in cyclic

service are met.

NCD-3239 Alternative Rules for Opening
Reinforcement

The requirements of this paragraph constitute an ac-
ceptable alternative to the rules of NCD-3231 through
NCD-3237.

NCD-3239.1 Limitations. These rules are applicable
only to openings utilizing nozzles in vessels within the
limitations of (a) through (f) below.
(a) The nozzle is circular in cross section and its axis is

perpendicular to the vessel or head.
(b) The nozzle and required reinforcing are welded

integrally into the vessel with full penetration welds
between all parts. Details such as those shown in
Figures NCD-4266(a)-1; NCD-4266(b)-1 sketches (a),
(b), and (c); and NCD-4266(c)-1 are acceptable.
However, fillet welds must be ground to a radius in accor-
dance with Figure NCD-3239.1(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.

Figure NCD-3239.1(b)-1
ð23Þ Examples of Acceptable Transition Details
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(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) and Rt2.5 r , but in any case, not
less than 1.0 (d1 + d2), where d1 and d2 are the inside
diameters of the openings.
(e) Thematerials used in the nozzle reinforcement and

vesselwall adjacent to the nozzle shall have a ratio ofUTS/
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 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. …

NCD-3239.2 Nomenclature.

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 of the nozzle in its corroded condi-

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

vessel, spherical vessel, or spherical head
r = inside radiusof thenozzle in its corrodedcondition
t = nominal wall thickness of vessel or head, less

corrosion allowance
tn = nominal wall thickness of nozzle, less corrosion

allowance

tr = wall thickness of vessel or head, computed by the
equation given in NCD-3224.3 for cylindrical
vessels; by NCD-3224.4 for spherical vessels or
spherical heads

trn = wall thickness of nozzle, computed by the equation
given in NCD-3224.3

See FigureNCD-3239.1(b)-1 for r1, r2, r3, r4, r5, θ, and θ1.
SeeFigureNCD-3239.4-1 forLcandLn. SeeNCD-3239.7 for
S, σt, σn, σr, and σ.

NCD-3239.3 Required Reinforcement Area.

(a) The required minimum reinforcing area is related
to the value of d Rtr shown in Table NCD-3239.3(a)-1.
(b) The required minimum reinforcing area shall be

provided in all planes containing the nozzle axis.

NCD-3239.4 Limits of Reinforcing Zone. Reinforcing
metal included in meeting the minimum reinforcing
area specified in NCD-3239.3 must be located within
the reinforcing zone boundary shown in Figure
NCD-3239.4-1.

NCD-3239.5 StrengthofReinforcingMaterialRequire-
ments. Material in the nozzle wall used for reinforcing
should 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 vesselwallmaterial.
No reduction in the reinforcing area requirement may be
taken for the increased strength of nozzlematerial orweld
metal which has a higher design stress value than that of
thematerial of the vesselwall. The strength of thematerial
at the point under consideration shall be used in fatigue
analyses. The mean coefficient of thermal expansion of
metal to be included as reinforcement shall be within
15% of the value for the metal of the vessel wall.

NCD-3239.6 Transition Details. Examples of accept-
able transit ion tapers and radi i are shown in
Figure NCD-3239.1(b)-1. Other configurations which
meet the reinforcing area requirements of NCD-3239.3
and with equivalent or less severe transitions are also ac-
ceptable, such as larger radius–thickness ratios.

NCD-3239.7 Stress Indices.

(a) The term stress index is defined as the numerical
ratio of the stress components σt, σn, and σr under consid-
eration to the computed stress S. The symbols for the
stress components are shown in Figure NB-3338.2(a)-1
and are defined as follows:

P = service pressure, psi (MPa)

Table NCD-3239.3(a)-1
Required Minimum Reinforcing Area, Ar

Value of d Rtr

Required Minimum Reinforcing Area, Ar

Nozzles in
Cylinders

Nozzles in SphericalVessels
or Heads

Less than 0.20 None [Note (1)] None [Note (1)]
Greater than
0.20 and less
than 0.40

{4.05

[ ]d Rtr
1 2

−1.81} dtr

{5.40 [ ]d Rtr
1 2

−2.41} dtr

Greater than 0.40 0.75 dtr dtr cos Φ
Φ = sin−1 (d/D)

NOTE: (1) The transition radius r2 shown in Figure NCD-3239.1(b)-1
or equivalent, is required.
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S = P(2R + t)/2t for nozzles in cylindrical vessels, psi
(MPa)

x = P(2R + t)/4t for nozzles in spherical vessels or
heads, psi (MPa)

σ = the stress intensity, combined stress, at the point
under consideration, psi (MPa)

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

σr = the stress component normal to the boundary of
the section, psi (MPa)

σt = the stress component in the plane of the section
under consideration and parallel to the boundary
of the section, psi (MPa)

(b) When the conditions of NCD-3239.1 through
NCD-3239.6 are satisfied, the stress indices given in
Table NCD-3239.7-1 may be used. These stress indices
deal only with the maximum stresses, at certain
general locations, due to internal pressure. In the evalua-
tion 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 givenpointmaybedeter-
mined by superposition. In the case of combined stresses
due to internal pressure and nozzle loading, themaximum
stresses should 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.

Figure NCD-3239.4-1
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
tr n

d
2

t

Lc

Lc or Ln

CL

Zone
 boundary

tn d
2

D

D

t

tr

tr n

tr

GENERAL NOTES:
(a) Reinforcing Zone Limit

(1) Lc = 0.75 (tr/D)2/3D for nozzles in cylindrical shells.
(2) Ln = (tr/D)2/3(d/D + 0.5)D for nozzles in heads.
(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 constructions where 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 formedby the intersectionof thebasic shells, shall beconsid-
ered 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 centerline and in every
plane containing the nozzle axis.

Table NCD-3239.7-1
Stress Indices for Internal Pressure Loading

Nozzles in Spherical Shells and Spherical Heads
Stress Inside Outside
σn 2.0 − (r/R) 2.0 − (r/R)
σt −0.2 2.0 − (r/R)
σr −4tr/(2R + tr) 0
σ larger of: 2.2 − (r/R) or

2.0 + [4tr/(2R + tr)] − (r/R)
2.0 − (r/R)

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 −2tr/(2R + tr) 0 −2tr/(2R + tr) 0
σ 3.3 1.2 1.2 2.6
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NCD-3240 VESSELSUNDEREXTERNALPRESSURE

NCD-3241 General Requirements

These rules are applicable to spherical and cylindrical
shellswith orwithout stiffening rings and to formedheads
and to tubular products (NCD-4221.2). Charts for use in
determining the thicknesses of these components are
given in Section II, Part D, Subpart 3.

NCD-3241.1 Nomenclature. The symbols used in this
Article are defined below. Except for the test condition,
dimensions used or calculated shall be in the corroded
condition.

A = factor determined from the appropriate chart in
Section II, Part D, Subpart 3 for the material
used in the stiffening ring, corresponding to the
factor B and the Design Temperature for the
shell under consideration

As = cross‐sectional area of the stiffening ring
B = factor from the charts in Section II, Part D, Subpart

3, psi (MPa)
Do = outside diameter of the cylindrical shell course

under consideration
Is = required moment of inertia of the combined ring

shell section about its neutral axis parallel to the
axis of the shell. The width of shell that is taken as
contributing to the combined moment of inertia
shall not be greater than D T1.10 o and shall
be taken as lying done‐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.

L = design length of a vessel section, using the appli-
cable definition as follows: the distance between
head bend lines plus one‐third of the depth of each
head if there are no stiffening rings; the greatest
center to center distance between any two adja-
cent stiffening rings; or the distance from the
center of the first stiffening ring to the head
bend line plus one‐third of the depth of the
head, allmeasured parallel to the axis of the vessel.

Ls = one‐half of the distance from the center line of the
stiffening ring to the next line of support on one
side, plus one‐half of the centerline distance to the
next line of support, if any, on the other side of the
stiffening ring, bothmeasuredparallel to theaxisof
the vessel. (A line of support is a stiffening ring that
meets the requirements of this paragraph; a
circumferential line on a head at one‐third the
depth of the head from the head bend line; a
circumferential connection to a jacket.)

P = external Design Pressure, psi (MPa)
R = inside radius of spherical shells

T = minimum required thickness of the cylindrical or
spherical shell or tubular product, exclusive of
corrosion allowance

NCD-3242 Cylindrical Shells

NCD-3242.1 For Do/T ≥ 10. The minimum thickness of
pipes or shell under external pressure having Do/T values
equal to or greater than 10 shall be determined by the
procedure given in NCD-3133.3.
When axial compressive loadings occur in addition to

the external pressure, the combined axial loading shall
meet the requirements of NCD-3245.

NCD-3242.2 For Do/T < 10. The minimum thickness of
pipes or tubesunder external pressurehavingDo/T values
less than 10 shall be determined by the procedure given in
Steps 1 through 4 below:
Step 1. Compute a value for factor A from the equation

=A D T1.1 ( )o
2

Step 2. Enter the appropriate chart with the calculated
value of A and move vertically to the material line for the
Design Temperature or to the horizontal projection of the
upper end of this material line where A falls to the right of
the end of the material line. From this intersection, move
horizontally to the right and read the value of B.
Step 3. Using this value of B, calculate the maximum

allowable pressure by the following equation:

=
Ä

Ç
ÅÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑÑ

P
D T

B2.167
0.0833a

o

Step 4. If Pa is less than the external Design Pressure P,
repeat the procedure using a larger value for T.

NCD-3243 Spherical Shells

The minimum thickness of a spherical shell under
external pressure shall be determined by the procedure
given in NCD-3133.4.

NCD-3244 Stiffening Rings for Cylindrical Shells

NCD-3244.1 Required Moment of Inertia for Circum-
ferential Stiffening Rings. 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 moment of inertia for a stiffening ring shall be
determined by the procedure given in Step 1 through
Step 6 below.
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Step 1. Assuming that the shell has been designed and
Do, Ls, and T are known, select amember to be used for the
stiffening ring anddetermine its areaAs and the value of Is..
Calculate B by the equation:

=
+

Ä

Ç
ÅÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑÑ

B
PD

T A L
3
4

o

s s

Step 2. Enter the right hand side of the chart in Section
II, PartD, Subpart3 for thematerial under considerationat
the value of B determined in Step 1.
Step 3. Move horizontally to the material line for the

Design Temperature.
Step 4. From this intersection move vertically to the

bottom of the chart and read the value of A.
Step 5. Compute the value of the required moment of

inertia Is from the equation given above.
Step 6. If the required Is is greater than the computed

moment of inertia 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 less than the computed moment of
inertia for the section selected in Step 1, that section
should be satisfactory.

NCD-3244.2 Permissible Methods of Attaching Stif-
fening Rings. Stiffening rings shall be attached to
either the outside or the inside of the vessel in accordance
with NCD-4267.

NCD-3245 Cylinders Under Axial Compression

The maximum allowable compressive stress in cylin-
drical shells subjected to loadings that produce longitu-
dinal compressive stresses shall be the smaller of the
values determined by (a) and (b) below:
(a) the Sm value for the applicable material at Design

Temperature given in Section II, Part D, Subpart 1, Tables
2A, 2B, and 4;
(b) the value of the factor B determined in accordance

with NCD-3133.6(b).

NCD-3250 WELDED JOINTS

NCD-3251 Welded Joint Categories

Welded joint categories are defined in NCD-3351.

NCD-3252 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 NCD-3352-1 shows typical butt
welds for each category joint.

NCD-3252.1 Joints of Category A. All welded joints of
Category A shall meet the fabrication requirements of
NCD-4263 and shall be capable of being examined in
accordance with NCD-5251.

NCD-3252.2 Joints of Category B. All welded joints of
Category B shall meet the fabrication requirements of
NCD-4264 and shall be capable of being examined in
accordance with NCD-5252. When fatigue analysis of
Type 2 joints is required and backing strips are not
removed, stress concentration factors of 2.0 for
membrane stresses and of 2.5 for bending stresses
shall be applied in the design of the joints.

NCD-3252.3 Joints of Category C. All welded joints of
Category C shall meet the fabrication requirements of
NCD-4265 and shall be capable of being examined in
accordance with NCD-5253. Minimum dimensions shall
be as specified in NCD-3258.3 and NCD-3258.4.

NCD-3252.4 Joints of Category D. All welded joints of
Category D shall be in accordance with the requirements
of NCD-3259 and one of (a) through (d) below.
(a) Butt Welded Nozzles. Nozzles shall meet the fabri-

cation requirements of NCD-4266(a) and shall be capable
of being examined in accordance with NCD-5254. The
minimum dimensions and geometrical requirements of
Figure NCD-4266(a)-1 shall be met where

r1 = 1∕4t or 3∕4 in. (19 mm) whichever is less
r2 = 1∕4 in. (6 mm) min.
t = nominal thickness of part penetrated
tn = nominal thickness of penetrating part

(b) Full Penetration Corner Welded Nozzles. Nozzles
sha l l mee t t he f ab r i c a t i on r equ i r emen t s o f
NCD-4266(b) and shall be capable of being examined
as required in NCD-5254. The minimum dimensions of
Figure NCD-4266(b)-1 shall be met where

r1 = 1∕4t or 3∕4 in. (19 mm) whichever is less
r2 = 1∕4 in. (6 mm) min.
r3 = 1∕4tn or 3∕8 in. (10mm)whichever is less, or chamfer

at 45 deg to at least 5∕16 in. (8 mm).
t = thickness of part penetrated
tc = 0.7tn or 1∕4 in. (6 mm), whichever is less
tn = thickness of penetrating part

(c) Pad and Screwed Fitting Types of Welded Nozzles.
Nozzles and fittings shall meet the fabrication require-
ments of NCD-4266(c) and shall be capable of being exam-
ined in accordance with NCD-5254. The minimum
dimensions and geometrical requirements of Figure
NCD-4266(c)-1 shall be met, where

c = smaller of 0.7te or 0.7t
r1 = 1∕4tn or 3∕8 in. (10 mm) whichever is less
r3 = 1∕4tn or 3∕8 in. (10mm)whichever is less, or chamfer

at 45 deg to at least 5∕16 in. (8 mm)
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t = nominal thickness of shell
tc = 0.7tn or 1∕4 in. (6 mm), whichever is less
te = thickness of reinforcement element
tn = nominal thickness of neck

(d) Attachment of Nozzles Using Partial Penetration
Welds. Partial penetrationwelds shallmeet the fabrication
requirements of NCD-4266(d) and shall be capable of
being examined in accordance with NCD-5254. They
shall be used only for attachments such as instrumenta-
tion openings and inspection openings, which are
subjected to essentially no external mechanical loadings
and on which there will be no thermal stresses greater
than in the vessel itself. Such attachments shall satisfy
the rules for reinforcement of openings, except that no
material in the neck shall be used for reinforcement in
the attachment. The inside diameter of such openings
shall not exceed4 in. (100mm). Theminimumdimensions
of Figure NCD-4266(d)-1 shall be met where

C = maximumdiametral clearance between nozzle and
vessel penetration, in. (mm)

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

< d ≤ 100 mm)
x = 0.030 in. for d > 4 in. (0.75 mm for d > 100 mm),

except that the above limits onmaximumclearance
need not be met for the full length of the opening,
provided there is a region at the weld preparation
and a region near the end of the opening opposite
the weld that does meet the above limit on
maximum clearance and the latter region is exten-
sive enough (not necessarily continuous) to
provide a positive stop for nozzle deflection.

d = outside diameter of nozzle
r1 = 1∕4tn or 3∕4 in. (19 mm) whichever is less
t = nominal thickness of vessel
tc = 0.7t or 1∕4 in. (6 mm), whichever is less
tn = nominal thickness of neck
tw = depth of weld penetration, not less than 11∕4tn, in.

(mm)

NCD-3254 Structural Attachment Welds

Welds for structural attachments shall meet the re-
quirements of NCD-4267.

NCD-3255 Welding Grooves

Thedimensionsand shapeof the edges tobe joined shall
be such as to permit complete fusion and complete joint
penetration, except as otherwise permitted in
NCD-3252.4.

NCD-3257 Welded Joints Subject toBending Stress

The requirements of NCD-3357 shall be met.

NCD-3258 Design Requirements for Head
Attachments

NCD-3258.1 Skirt Length of Formed Heads.

(a) Ellipsoidal and other types of formed heads,
concave or convex to the pressure, shall have a skirt
l e n g t h no t l e s s t h an t h a t s h own i n F i g u r e
NCD-3358.1(a)-1.
(b) A tapered transition having a length not less than

three times the offset between the adjacent surfaces of
abutting sections as shown in Figure NCD-3358.1(a)-1
shall be provided at joints between formed heads and
shells that differ in thickness by more than one‐fourth
the thickness of the thinner section or by more than 1∕8
in., whichever is less. When a taper is required on any
formed head thicker than the shell and intended for
butt welded attachment [Figure NCD-3358.1(a)-1], the
skirt shall be long enough so that the required length
of taper does not extend beyond the tangent line.

NCD-3258.2 UnstayedFlatHeadWeldedtoShells.The
requirements of welded unstayed flat heads to shells are
given in NCD-3225, NCD-3258.3, and NCD-3258.4.

NCD-3258.3 Head Attachments Using Corner Joints.
When shells, heads, or other pressure parts are welded
to a forged or rolled plate to form a corner joint, the
welds shall meet the requirements given in (a)
through (e) below.
(a) On the cross section through the welded joint, the

line between theweldmetal and the forged or rolled plate
beingattachedshall beprojectedonplanesbothparallel to
and perpendicular to the surface of the plate being
attached, in order to determine the dimensions a and
b, respectively.
(b) For flange rings of bolted flanged connections and

for flat heads and supported and unsupported tube sheets
with a projection for a bolted connection, the sum of a and
b shall be not less than three times the nominal wall thick-
ness of the abutting pressure parts.
(c) For other parts, the sum of a and b shall be not less

than two times the nominal wall thickness of the abutting
pressure parts. Examples of such parts are flat heads and
supported and unsupported tubesheets without a projec-
tion for a bolted connection and the side plates of a rectan-
gular vessel.
(d) Joint details that have adimension through the joint

less than the thickness of the shell, head, or other pressure
part or that provide eccentric attachment are not
permitted.
(e) The minimum dimensions in Figures NCD-4265-1

and NCD-4265-2 are as follows:
(1) Figure NCD-4265-1
Sketch (a)
a + b not less than 2ts
b + c not less than ts
tp not less than ts
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Sketch (b)
a + b not less than 2ts
Sketch (c)
a + b not less that 3ts
b + c not less than ts
Sketches (d) and (e)
(-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:

b = the lesser of ts/2 or T/4
c = 0.7ts or 1∕4 in. (6 mm), whichever is less

T, ts = nominal thickness of welded parts

(-b) For all other material forms and for forged
tubesheets, forged flat heads, and forged flanges with
the weld preparation bevel angle greater than 45 deg
measured from the face:

b = the lesser of ts or T/2
c = 0.7ts or 1∕4 in. (6 mm), whichever is less

T, ts = nominal thickness of welded parts sketches (f)
and (g)

(2) Figure NCD-4265-2
Sketch (a)
(-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 thickness of welded parts
tc = 0.7tn or 1∕4 in. (6 mm), whichever is less
tw = the lesser of tn/2 or t/4

(-b) For all other material forms and for forged
tubesheets, 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 = the lesser of tn or t/2

Sketch (b)
t and tn = nominal thickness of welded parts
h or g1 = 0.25tn but not less than 1∕4 in. (6 mm)
Sketch (c)

tn = nominal thickness of neck
a + b not less than 3tn
c not less than tn

NCD-3258.4 Head Attachments Using Butt Welds.
When flat heads are attached using butt welds, as
shown in Figure NCD-4243.3-1, theminimum dimensions
are as follows:

Sketch (a)
r not less than 1.5ts

Sketch (b)
r not less than 1.5ts
e not less than ts

Sketch (c)
h not less than 1.5ts

Sketch (d)
tf not less than 2ts
r not less than 3tf

Sketch (e)
tf not less than 2ts
r not less than 3tf
e not less than tf

NCD-3259 Design Requirements for Nozzle
Attachment Welds and Other
Connections

The minimum design requirements for nozzle attach-
ment welds and other connections are set forth in (a)
through (c) below.
(a) Permitted Types of Nozzles and Other Connections.

Nozzles and other connectionsmay be any of the types for
which rules are given in this subarticle, provided the re-
quirements of (1) through (7) below are met.

(1) Nozzles shall meet requirements regarding loca-
tion.

(2) The attachment weld shall meet the require-
ments of NCD-3252.4.

(3) The requirements of NCD-3230 shall be met.
(4) Type No. 1 full penetration joints shall be used

when the openings are in shells 21∕2 in. (64mm)ormore in
thickness.

(5) The welded joints shall be examined by the
methods stipulated in NCD-5250.

(6) Studded connections shall meet the require-
ments of NCD-3262.4.

(7) Threaded connections shall meet the require-
ments of NCD-3266.
(b) Provision of Telltale Holes for Air Testing. Reinfor-

cing plates and saddles attached to the outside of a vessel
shall be provided with at least one telltale hole, of
maximum size 1∕4 in. (6 mm) pipe tap, that may be
tapped for apreliminary compressedair and soapsolution
or equivalent test for tightness of welds that seal off the
insideof the vessel. These telltale holesmaybe left openor
may be plugged when the vessel is in service. If the holes
are plugged, the plugging material used shall not be
capable of sustaining pressure between the reinforcing
plate and the vessel wall. Telltale holes shall not be
plugged during heat treatment.
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(c) Attachments. Typical attachments are shown in
Figure NCD-4267-1. The minimum dimensions in this
figure are as follows:

a t b t C t4; 2;

where

c = minimum thickness of weld metal from the root to
the face of the weld

t = thickness of attached member

NCD-3260 SPECIAL VESSEL REQUIREMENTS

NCD-3261 Transition Joints Between Sections of
Unequal Thickness

Unless the requirements of Section III Appendices,Man-
datoryAppendixXIII, orMandatoryAppendix II are shown
to be satisfied, a tapered transition as shown in
Figures NCD-3358.1(a)-1 and NCD-3361.1-1 shall be
provided at joints of Categories A and B between sections
that differ in thickness by more than one‐fourth of the
thickness of the thinner section or by more than 1∕8 in.
(3 mm). The transition may be formed by any process
that will provide a uniform taper. The weld may be
partly or entirely in the tapered section. When Section
III Appendices, Mandatory Appendix XIII, or Mandatory
Appendix II are not used, the following requirements
of (a) through (e) below shall also apply.
(a) The lengthof taper shall benot less than three times

the offset between adjacent surfaces.
(b) Figure NCD-3361.1-1 shall apply to all joints of

Categories A and B except joints connecting formed
heads to ma in she l l s , f o r wh ich case F igure
NCD-3358.1(a)-1 shall apply.
(c) When a taper is required on any formed head

intended for butt welded attachment, the skirt shall be
long enough so that the required length of taper does
not extend beyond the tangent line.
(d) An ellipsoidal or hemispherical head which 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.
(e) The requirements of this paragraph are not appli-

cable to flange hubs.

NCD-3262 Bolted Flanged Connections

NCD-3262.1ð23Þ FlangesandFlangedFittingsConforming
to ASME B16.5. Except as provided in NCD-3262.3, the
dimensional requirements of flanges used in bolted
flange connections to external piping shall conform to
ASME B16.5, Steel Pipe Flanges and Flanged Fittings.
Flanges and flanged fittings conforming to ASME

B16.5, with the exception of threaded and socket
welding types, may be used at the pressure–temperature
ratings specified in that Standard.

NCD-3262.2 Slip‐On Flanges Conforming to ASME
B16.5. Slip‐on flanges conforming to ASME B16.5 may
be used, provided all the conditions of (a) through (e)
below are met.
(a) The specified minimum tensile strengths of mate-

rials do not exceed 80.0 ksi (550 MPa).
(b) Theminimumelongationofmaterials is 12%in2 in.

(50 mm).
(c) The thickness of thematerials towhich the flange is

welded does not exceed 11∕4 in. (32 mm).
(d) The throat thickness, taken as the minimum thick-

ness in any direction through the attaching fillet welds, is
at least 0.7 times the thickness of thematerial towhich the
flange is welded.
(e) The fatigue analysis required for nozzleswith sepa-

rate reinforcement and nonintegral attachments, as set
forth in NCD-3219.3, is applied to the design.

NCD-3262.3 Flanges Not Conforming to ASME B16.5.
Flanges that do not conform to ASME B16.5 shall be
designed in accordance with the Rules for Bolted
Flange Connections, Section III Appendices, Mandatory
AppendixXI, orby therulesofSection IIIAppendices,Man-
datory Appendices II and XIII.

NCD-3262.4 Studded Connections. Where tapped
holes are provided for studs, the threads shall be full
and clean and shall engage the stud for a length not
less than the larger of d or

×d0.75

Design stress intensity value
of stud material at Design Temperature

Design stress intensity value
of tapped material at Design Temperature

s

in which d is the root diameter of the stud, except that the
thread engagement need not exceed 11∕2ds.

NCD-3263 Access and Inspection Openings

The requirements for access and inspection openings
are given in NCD-3363.

NCD-3264 Attachments and Supports

NCD-3264.1 General Requirements. Supports, lugs,
brackets, stiffeners, and other attachments may be
welded or stud bolted to the outside or inside of a
vessel wall. All stud bolted attachments require a detailed
fatigue analysis in accordance with the requirements of
Section III Appendices, Mandatory Appendix XIII unless
the conditions of NCD-3219 are met. Attachments shall
conform reasonably to the curvature of the shell to
which they are to be attached. The fabrication
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requirements of NCD-4267 and the examination require-
ments of NCD-5250 shall be met.

NCD-3264.2 Attachment Materials. Materials welded
directly to pressure parts shall meet the requirements of
NCD-2190.

NCD-3264.3 Design of Attachments. The effects of
attachments, including external and internal piping
connections, shall be taken into account in the design.
Attachments shall meet the requirements of NCD-3135.

NCD-3264.4 Design of Supports.

(a) All vessels shall be so supported and the supporting
members so arranged and attached to the vessel as to
provide for the maximum imposed loadings. Wind and
earthquake loads need not be assumed to occur simulta-
neously.
(b) All supports should be designed to prevent exces-

sive localized stresses due to temperature changes in the
vessel or deformations produced by the internal pressure.
(c) Horizontal vessels supported by saddles shall

provide bearing extending over at least one‐third of
the shell circumference.
(d) Additional requirements for the design of supports

are given in NCA-3211.18 and Subsection NF.

NCD-3264.5 Types of Attachment Welds. Welds
attaching nonpressure parts or stiffeners to pressure
parts shall meet the requirements of NCD-4267.

NCD-3264.6 Stress Values for Weld Material. Attach-
ment weld strength shall be based on the nominal weld
area and the design stress intensity values in Section II,
PartD, Subpart 1,Tables2A, 2B, and4andstress criteria in
NCD-3200 for the weaker of the two materials joined, or,
where weaker weld metal is permitted, the design stress
intensity values of the weld metal multiplied by the
following reduction factors: 0.5 for fillet welds
NCD-3264.5; 0.75 for partial penetration groove or
par t i a l pene t ra t i on groove p lus f i l l e t we lds
NCD-3264.5; 1.0 for complete weld penetration. The
nominal weld area for fillet welds is the throat area;
for groove welds, the depth of penetration times the
length of weld; and for groove welds with fillet welds,
the combined throat and depth of penetration, exclusive
of reinforcement, times the length of weld.
(a) AttachmentWelds— Evaluation of Need for Fatigue

Analysis. In applying Condition AP or BP of NCD-3219.3,
fillet welds and partial penetration welds are considered
nonintegral attachments, except that the following welds
need not be considered:

(1) welds for minor attachments
(2) welds for supports which may be considered

integral as covered by Conditions A and B of NCD-3219.2

NCD-3266 Threaded Connections

(a) Threads

(1) Pipes, tubes, andother threadedconnections that
conform to ANSI/ASME B1.20.1, Pipe Threads, General
Purpose, may be screwed into a threaded hole in a
vessel wall, provided the pipe engages the minimum
number of threads specified in Table NCD-3266-1 after
allowance has been made for curvature of the vessel
wall. A built‐up pad or a properly attached plate or
fitting shall be used to provide the metal thickness and
number of threads required in Table NCD-3266-1 or to
furnish reinforcement when required.

(2) Straight threaded connections may be employed
as provided for in (b)(2).
(b) Restrictions on the Use of Threaded Connections
(1) Taper Threaded Connections. Internal taper pipe

thread connections larger than NPS 2 (DN 50) shall not be
used.

(2) Straight Threaded Connections
(-a) Threaded connections employing straight

threads shall provide for mechanical seating of the
assembly by a shoulder or similar means. Straight
thread center openings in vessel heads shall meet the re-
quirements of NCD-3230. The length of the thread shall be
calculated for theopeningdesignand they shall not exceed
the smaller of one‐half the vessel diameter or NPS 8
(DN 200). In addition, they shall be placed at a point
where the calculated stress without a hole, due to any
combination of design pressure and mechanical loadings
expected to occur simultaneously, is not more than 0.5Sm.

(-b) Threaded connections above 23∕4 in. (70 mm)
in diameter may be used only if they meet the require-
ments of NCD-3219, or, if these requirements are not
met, a detailed fatigue analysis shall be made in accor-
dance with the rules of Section III Appendices, Mandatory
Appendix XIII.

NCD-3300 VESSEL DESIGN

NCD-3310 GENERAL REQUIREMENTS

Class 2 and Class 3 vessel requirements as stipulated in
the Design Specifications (NCA-3211.19) shall conform to
the design requirements of this Article.

Table NCD-3266-1
Minimum Number of Pipe Threads for Connections

Size of Pipe
Connection, NPS (DN)

Threads
Engaged

Min. Plate Thickness
Required, in. (mm)

1∕2 (15) 6 0.43 (11)
3∕24 (20) 6 0.43 (11)
1 (25) 6 0.61 (16)

11∕4 (32) 6 0.61 (16)
11∕2 (40) 6 0.61 (16)
2 (50) 8 0.70 (18)
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NCD-3320 DESIGN CONSIDERATIONS

NCD-3321 Stress Limits for Design and Service
Loadings

Stress14 limits for Design and Service Loadings are
specified in Table NCD-3321-1. The symbols used in
Table NCD-3321-1 are defined as follows:

S = allowable stress value given in Section II, Part D,
Subpart 1, Tables 1A, 1B, and 3. The allowable
stress shall correspond to the highest metal
temperature at the section under consideration
during the condition under consideration.

σb = bending stress. This stress is equal to the linear
varying portion of the stress across the solid
section under consideration. It excludes disconti-
nuities and concentrations, and is produced only
by pressure and other mechanical loads.

σL = local membrane stress. This stress is the same as
σm, except that it includes the effect of discontinu-
ities.

σm = general membrane stress. This stress is equal to
the average stress across the solid section under
consideration. It excludes discontinuities and
concentrations, and is produced only by pressure
and other mechanical loads.

Typical examples of locations for which σb, σL, and σm
are applicable are shown in Table NCD-3321-2.

NCD-3322 Special Considerations

The provisions of NCD-3120 apply.

NCD-3323 General Design Rules

The provisions of NCD-3130 apply except as modified
by the rules of this subarticle. In caseof conflict, this subar-
ticle governs the design of vessels.

NCD-3324 Vessels Under Internal Pressure

NCD-3324.1 General Requirements. Equations are
given for determining the minimum thicknesses under
internal pressure loading in cylindrical and spherical
shells and ellipsoidal, torispherical, conical, toriconical,
and hemispherical heads. Provision shall be made for
any of the other loadings listed in NCD-3111 when
such loadings are specified.

NCD-3324.2 Nomenclature. The symbols used in this
paragraph and Figure NCD-3324.2-1 are defined as
follows:

D = inside diameter of the head skirt; or inside
length of the major axis of an ellipsoidal
head; or inside diameter of a conical head at
the point under consideration, measured
perpendicular to the longitudinal axis

D1 = inside diameter of the conical portion of a tori-
conical head at its point of tangency to the
knuckle, measured perpendicular to the axis
of the cone

Do = outside diameter of the head skirt; or outside
length of the major axis of an ellipsoidal
head; or outside diameter of a conical head
at the point under consideration, measured
perpendicular to the longitudinal axis

D/2h = ratio of themajor to theminor axis of ellipsoidal
heads, which equals the inside diameter of the
skirt of the head divided by twice the inside
height of the head and is used in Table
NCD-3324.2-1

E = joint efficiency for, or the efficiency of, appro-
priate joint in the shell or head; for hemisphe-
rical heads this includeshead‐to‐shell joints. For
welded construction use the value ofE specified
in NCD-3352. For seamless heads use E = 1,
except for hemispherical heads furnished
without a skirt, in which case the head‐to‐
shell joint must be considered.

x = 1 for Class 2 vessels
h = one‐half of the length of the minor axis of the

ellipsoidal head or the inside depth of the ellip-
soidal head measured from the tangent line
(head‐bend line)

K = a factor in the equations for ellipsoidal heads
depending on the head proportion D/2h
(Table NCD-3324.2-1)

Table NCD-3321-1
Stress Limits for Design and Service Loadings

Service Limit Stress Limits [Note (1)]
Design and Level A σm ≤ 1.0S

(σm or σL) + σb ≤ 1.5S

Level B σm ≤ 1.10S
(σm or σL) + σb ≤ 1.65S

Level C σm ≤ 1.5S
(σm or σL) + σb ≤ 1.8S

Level D σm ≤ 2.0S
(σm or σL) + σb ≤ 2.4S

GENERAL NOTE: See NCD‐3321 for definitions of symbols.

NOTE: (1)These limits donot take intoaccount either local or general
buckling which might occur in thin wall vessels.
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Table NCD-3321-2
ð23Þ Classification of Stress in Vessels for Some Typical Cases

Vessel Part Location Origin of Stress Type of Stress Classification
Cylindrical or sphe-
rical shell

Shell plate remote from
discontinuities

Internal pressure General membrane σm
Gradient through plate thickness Q

Axial thermal gradient Membrane Q
Bending Q

Junction with head or flange Internal pressure Membrane σL
Bending Q [Note (1)]

Any shell or head Any section across entire
vessel

External load or moment, or
internal pressure

General membrane averaged
across full section. Stress
component perpendicular to
cross section.

σm

External load or moment Bending across full section. Stress
component perpendicular to
cross section.

σm

Near nozzle or other opening External load or moment, or
internal pressure

Local membrane σL
Bending Q
Peak (fillet or corner) F

Any location Temperature difference between
shell and head

Membrane Q
Bending Q

Dished head or
conical head

Crown Internal pressure Membrane σm
Bending σb

Knuckle or junction to shell Internal pressure Membrane σL [Note (2)]
Bending Q

Flat head Center region Internal pressure Membrane σm
Bending σb

Junction to shell Internal pressure Membrane σL [Note (1)]
Bending Q

Perforated head or
shell

Typical ligament in a uniform
pattern

Pressure Membrane (averaged through
cross section)

σm

Bending (averaged throughwidth
of ligament, but gradient
through plate)

σb

Peak F
Isolated or atypical ligament Pressure Membrane Q

Bending F
Peak F
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Table NCD-3321-2
Classification of Stress in Vessels for Some Typical Cases (Cont’d)

Vessel Part Location Origin of Stress Type of Stress Classification
Nozzle Within the limits of rein-

forcement defined by
NCD-3334

Pressure and external loads and
moments, including those attri-
butable to restrained free end
displacements of attached piping

General membrane σm
Bending (other than gross struc-
tural discontinuity stresses)
averaged through nozzle
thickness

σm

Outside the limits of rein-
forcement defined by
NCD-3334

Pressure and external axial, shear,
and torsional loads other than
those attributable to restrained
free end displacements of
attached piping

General membrane stresses σm

Pressure and external loads and
moments other than those attri-
butable to restrained free end
displacements of the attached
piping

Membrane σL
Bending σb

Pressure and all external loads and
moments

Membrane σL
Bending Q
Peak F

Nozzle wall Gross structural discontinuities Local membrane σL
Bending Q
Peak F

Differential expansion Membrane Q
Bending Q
Peak F

Cladding Any Differential expansion Membrane F
Bending F

Any Any Radial temp. distribution [Note (3)] Equivalent linear stress [Note (4)] Q
Nonlinear portion of stress
distribution

F

Any Any Any Stress concentration (notch
effect)

F

GENERAL NOTE: Q and F classifications of stresses refer to other than Design Condition.

NOTES:
(1) If the bending moment at the edge is required to maintain the bending stress in the middle within acceptable limits, the edge bending is

classified as σb. Otherwise, it is classified as Q.
(2) Considerationmust also be given to the possibility of wrinkling and excessive deformation in vessels with a large diameter–thickness ratio.
(3) Consider possibility of thermal stress ratchet.
(4) Equivalent linear stress is defined as the linear distribution that has the same net bending moment as the actual stress distribution.
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L = inside spherical or crown radius for torisphe-
rical and hemispherical heads

x = K1D for ellipsoidal heads inwhichK1 is obtained
from Table NCD-3332.2-1

Lo = outside spherical or crown radius
P = Design Pressure
R = inside radius of the shell course under consid-

eration before corrosion allowance is added
r = inside knuckle radius

Ro = outside radius of the shell course under consid-
eration

S = maximum allowable stress value (Section II,
Part D, Subpart 1, Tables 1A, 1B, and 3)

t = minimum required thickness of shell or head
after forming, exclusive of corrosion allowance

α = one‐half of the includedapexangle of the coneat
the center line of the head, deg

NCD-3324.3 Cylindrical Shells. The minimum thick-
ness of cylindrical shells shall be the greater thickness
as given by (a) through (d) below.

(a) Circumferential Stress (Longitudinal Joints). When
the thickness does not exceed one‐half of the inside
radius, or P does not exceed 0.385SE, the following equa-
tions shall apply:

= =
+

t PR
SE P

P SEt
R t0.6

or
0.6

(b) Longitudinal Stress (Circumferential Joints). When
the thickness does not exceed one‐half of the inside
radius, or P does not exceed 1.25SE, the following equa-
tions shall apply:

=
+

=t PR
SE P

P SEt
R t2 0.4

or
2

0.4

(c) Thickness of Cylindrical Shells. The following equa-
tions, in terms of the outside radius, are equivalent to and
may be used instead of those given in (a) above:

=
+

=t
PR

SE P
P SEt

R t0.4
or

0.4
o

o

(d) Thick Cylindrical Shells
(1) Circumferential Stress (Longitudinal Joints).

When the thickness of the cylindrical shell under internal
pressure exceeds one‐half of the inside radius or when P

Figure NCD-3324.2-1
Principal Dimensions of Typical Heads
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exceeds 0.385SE, the following equations shall apply.
When P is known and t is desired:

= =
i
k
jjjjjj

y
{
zzzzzz( )t R Z R Z

Z
1

1
o

1 2
1 2

1 2

where

Z =
+SE P

SE P

When t is known and P is desired

=
+

i
k
jjj y

{
zzzP SE Z

Z
1
1

where

Z = = =+ i
k
jjjj

y
{
zzzz( )( )R t

R
R
R

R
R t

2 2 2
o o

o

(2) Longitudinal Stress (Circumferential Joints).
When the thickness of the cylindrical shell under internal
pressure exceeds one‐half of the inside radius or when P
exceeds 1.25SE, the following equations shall apply.When
P is known and t is desired

= =
i
k
jjjjjj

y
{
zzzzzz( )t R Z R Z

Z
1

1
o

1 2
1 2

1 2

where

Z = + 1P
SE

When t is known and P is desired
=P SE Z( 1)

where

Z = = =+ i
k
jjjj

y
{
zzzz( )( )R t

R
R
R

R
R t

2 2 2
o o

o

NCD-3324.4 Spherical Shells.

(a) When the thickness of the shell of a spherical vessel
does not exceed 0.356R or P does not exceed 0.665SE, the
following equations shall apply. Any reduction in thick-
ness within a shell course of a spherical shell shall be
in accordance with NCD-3361.

= =
+

t PR
SE P

P SEt
R t2 0.2

or
2

0.2

(b) The following equations, in terms of the outside
radius, are equivalent and may be used instead of
those given in (a) above:

=
+

t
PR

SE P2 0.8
o

=P SEt
R t

2
0.8o

(c) When the thickness of the shell of a spherical vessel
under internal pressure exceeds 0.356R or when P
exceeds 0.665SE, the following equations shall apply.
When P is known and t is desired

= =
i
k
jjjjjj

y
{
zzzzzz( )t R Y R Y

Y
1

1
o

1 3
1 3

1 3

where

Y = +SE P
SE P

2( )
2

When t is known and P is desired

=
+

i
k
jjj y

{
zzzP SE Y

Y
2

1
2

where

Y = =+ i
k
jjjj

y
{
zzzz( )R t

R
R

R t

3 3
o

o

NCD-3324.5 Formed Heads, General Requirements.
Formed heads shall meet the requirements of (a)
through (i) below.

Table NCD-3324.2-1
Values of Factor K

D/2h 3.0 2.9 2.8 2.7 2.6 2.5 2.4 2.3 2.2 2.1 2.0
K 1.83 1.73 1.64 1.55 1.46 1.37 1.29 1.21 1.14 1.07 1.00
D/2h 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.0 ...
K 0.93 0.87 0.81 0.76 0.71 0.66 0.61 0.57 0.53 0.50 ...

GENERAL NOTE: Use nearest value of D/2h; interpolation unnecessary.
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(a) All formedheads, thicker than the shell and concave
to pressure, for butt-welded attachment, shall have a skirt
length suff ic ient to meet the requirements of
Figure NCD-3358.1(a)-1 when a tapered transition is
required.
(b) Any taper at a welded joint within a formed head

shall be in accordance with NCD-3361. The taper at a
circumferential welded joint connecting a formed head
to a main shell shall meet the requirements of
NCD-3358 for the respective type of joint shown therein.
(c) All formed heads concave to pressure and for butt-

welded attachment need not have an integral skirt when
the thickness of the head is equal to or less than the thick-
ness of the shell. When a skirt is provided, its thickness
shall be at least that required for a seamless shell of the
same diameter.
(d) The inside crown radius towhich an unstayed head

is dished shall be not greater than the outside diameter of
the skirt of the head. The inside knuckle radius of a tori-
spherical head shall be not less than 6% of the outside
diameter of the skirt of the head but in no case less
than three times the head thickness.
(e) If a torispherical, ellipsoidal, or hemispherical head

is formed with a flattened spot or surface, the diameter of
the flat spot shall not exceed that permitted for flat heads
as givenbyNCD-3325.2(b), eq. (4) or eq. (5) usingC=0.25.
(f) Openings in formed heads under internal pressure

shall comply with the requirements of NCD-3330.
(g) For Class 3 Only
(1) When an ellipsoidal, torispherical, hemisphe-

rical, conical, or toriconical head is of a lesser thickness
thanrequiredby the rulesofNCD-3324.5, it shall be stayed
as a flat surface according to the rules of NCD-3329.

(2) A dished head with a reversed skirt may be used
in a component, provided the maximum allowable pres-
sure for the head is established in accordance with the
requirements of NCD-6900.

(3) Heads concave to pressure, intended for attach-
mentbybrazing, shall have a skirt length sufficient tomeet
the requirements for circumferential joints (NCD-4500).

NCD-3324.6 Ellipsoidal Heads.

(a) 2:1 Ellipsoidal Heads. The required thickness of a
dished head of semiellipsoidal form, in which one‐half
the minor axis (inside depth of the head minus the
skirt) equals one‐fourth the inside diameter of the
head skirt, shall be determined by

= =
+

t PD
SE P

P SEt
D t2 0.2

or
2

0.2

(b) Ellipsoidal Heads of Other Ratios. The minimum
required thickness of an ellipsoidal head of other than
a 2:1 ratio shall be determined by

= =
+

t PDK
SE P

P SEt
KD t2 0.2

or
2

0.2

=
+

t
PD K

SE P K2 2 ( 0.1)
o

or

=P SEt
KD t K

2
2 ( 0.1)o

where

K = +
Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑ( )2 D
h

1
6 2

2

Numerical values of the factor K are given in Table
NCD-3324.2-1.

NCD-3324.7 Hemispherical Heads.

(a) When the thickness of a hemispherical head does
not exceed 0.356L or P does not exceed 0.665SE, the
following equations shall apply:

= =
+

t PL
SE P

P SEt
L t2 0.2

or
2

0.2

(b) When the thickness of the hemispherical head
under internal pressure exceeds 0.356L or when P
exceeds 0.665SE, the following equations shall apply:

= =
i
k
jjjjjj

y
{
zzzzzz( )t L Y L Y

Y
1

1
o

1 3
1 3

1 3

where

Y =
+SE P

SE P
2( )
2

or

=
+

i
k
jjj y

{
zzzP S Y

Y
2

1
2

where

Y = =+ i
k
jjjj

y
{
zzzz( )L t

L
L

L t

3 3
o

o

NCD-3324.8 Torispherical Heads.

(a) Torispherical Heads With 6% Knuckle Radius. The
required thickness of a torispherical head in which the
knuckle radius is 6% of the inside crown radius shall
be determined by

= =
+

t PL
SE P

P SEt
L t

0.885
0.1

or
0.885 0.1

(b) Torispherical Heads of Other Proportions. The
required thickness of a torispherical head in which the
knuckle radius is other than 6% of the crown radius
shall be determined by
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= =
+

t PLM
SE P

P SEt
LM t2 0.2

or
2

0.2 (1)

=
+

t
PL M

SE P M2 ( 0.2)
o (2)

or

=P SEt
ML t M

2
( 0.2)o

(3)

where

= +i
k
jjj y

{
zzzM 3 L

r
1
4

(4)

Numerical values of the factor M are given in Table
NCD-3324.8(b)-1.
(c) Torispherical heads made of material having a

specified minimum tensile strength exceeding 80 ksi
(550 MPa) shall be designed using a value of S equal
to 20 ksi (140 MPa) at room temperature and reduced
in proportion to the reduction in maximum allowable
stress values at temperature for the material as shown
in Section II, Part D, Subpart 1, Tables 1A, 1B, and 3.

NCD-3324.9 Conical Heads Without Transition
Knuckle. The required thickness of conical heads or
conical shell sections that have a half‐apex angle α not
greater than 30 deg shall be determined by

= =
+

t PD
SE P

P SEt
D t2 cos ( 0.6 )

or
2 cos

1.2 cos

For α > 30 deg, see NCD-3324.11(b)(5). A compression
ring shall be provided when required by the rule in
NCD-3324.11(b).

NCD-3324.10 Toriconical Heads. Toriconical heads in
which the inside knuckle radius is neither less than 6% of
theoutsidediameter of thehead skirt nor less than3 times
the knuckle thickness shall be used when the angle α
exceeds 30 deg except when the design complies with
NCD-3324.11. The required thickness of the knuckle
shall be determined by NCD-3324.8(b), eq. (1) in which

=L
D

2 cos
1

The required thickness of the conical portion shall be
determined by the equation in NCD-3324.9, using D1 in
place of D.

NCD-3324.11 Reducer Sections.

(a) General Requirements
(1) The rules of (a) apply to concentric reducer

sections.
(2) The symbols used are defined as follows:

A = required area of reinforcement
Ae = effectiveareaof reinforcement,due toexcessmetal

thickness
D1 = inside diameter of reducer section at point of

tangency to the knuckle or reverse curve
m = the lesser of

Ä
Ç
ÅÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑÑ

Ä

Ç
ÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑ

t
t

t
t

cos ( ) or
cos cos ( )s c

RL = inside radius of larger cylinder
rL = inside radius of knuckle at larger cylinder
Rs = inside radius of smaller cylinder
rs = radius to the inside surface of flare at the small end
tc = nominal thicknessof coneat cone‐to‐cylinder junc-

tion, exclusive of corrosion allowance
te = the smaller of (ts − t) or [tc − (t/cos α)]
ts = nominal thickness of cylinder at cone‐to‐cylinder

junction, exclusive of corrosion allowance
Δ = value to indicate need for reinforcement at cone‐

to‐cylinder intersection having a half‐apex angle
α ≤ 30 deg. When Δ ≥ α , no reinforcement
a t t h e j u n c t i o n i s r e q u i r e d [ T a b l e s
NCD-3324.11(b)(2)-1 and NCD-3324.11(b)(3)-1]

(3) The thickness of each element of a reducer, as
defined in (4) below, under internal pressure shall not
be less than that computed by the applicable equation.
In addition, provisions shall be made for any of the

Table NCD-3324.8(b)-1
Values of Factor M

L/r 1.0 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50
M 1.00 1.03 1.06 1.08 1.10 1.13 1.15 1.17 1.18 1.20 1.22
L/r 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0
M 1.25 1.28 1.31 1.34 1.36 1.39 1.41 1.44 1.46 1.48 1.50
L/r 9.5 10.00 10.5 11.0 11.5 12.0 13.0 14.0 15.0 16.0 16.67 [Note (1)]
M 1.52 1.54 1.56 1.58 1.60 1.62 1.65 1.69 1.72 1.75 1.77

GENERAL NOTE: Use nearest value of l/r; interpolation unnecessary.

NOTE: (1) Maximum ratio allowed by NCD-3324.5(d) when L equals the outside diameter of the skirt of the head.
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other loadings listed in NCD-3111when such loadings are
expected.

(4) A transition section reducer consisting of one or
more elements may be used to join two cylindrical shell
sections of different diameters but with a common axis,
provided the requirements of (-a) and (-b) below aremet.

(-a) Conical Shell Section. The required thickness
of a conical shell sectionor the allowable pressure for such
a section of given thickness shall be determined by the
equations given in NCD-3324.9.

(-b) Knuckle Tangent to the Larger Cylinder.Where
a knuckle is used at the large end of a reducer section, its
shape shall be that of a portion of an ellipsoidal, hemisphe-
rical, or torispherical head. The thickness and other
dimensions shall satisfy the requirements of NCD-3324.

(5) When elements of (4) above having different
thicknesses are combined to form a reducer, the joints,
including the plate taper required by NCD-3361, shall
lie entirely within the limits of the thinner element
being joined.

(6) A reducer may be a simple conical shell section
[Figure NCD-3324.11(a)(6)-1, sketch (a)] without
knuckle, provided the half-apex angle, α, is not greater
than 30 deg, except as provided for in (b) below. A rein-
forcement ring shall be provided at either or both ends of
the reducer when required by (b) below.

( 7 ) A t o r i c o n i c a l r e d u c e r [ F i g u r e
NCD-3324.11(a)(6)-1, sketch (b)] may be shaped as a
portion of a toriconical shell, a portion of a hemispherical
head plus a conical section, or a portion of an ellipsoidal
headplusa conical section, provided thehalf-apexangle,α,
is not greater than 30 deg, except as provided for in (b)
below. A reinforcement ring shall be provided at the small
end of a conical reducer element when required by (b)
below.

( 8 ) R e v e r s e c u r v e r e d u c e r s [ F i g u r e
NCD-3324.11(a)(6)-1, sketches (c) and (d)] may be
shaped of elements other than those as illustrated.
(b) Supplementary Requirements for Reducer Sections

and Conical Heads Under Internal Pressure
(1) The equations of (2) and (3) below provide for

the design of reinforcement, if needed, at the cone‐to‐cyl-
inder junctions for reducer sections and conical heads
where all the elements have a common axis and the
half-apex angle α ≤ 30 deg. In (5) below, provision is
made for special analysis in the design of cone‐to‐cylinder
intersections with or without reinforcing rings where α >
30 deg.

(2) Reinforcement shall be provided at the junction
of the cone with the large cylinder for conical heads and
reducers without knuckles when the value of Δ, obtained
from Table NCD-3324.11(b)(2)-1, using the appropriate
ratio P/SE, is less than α. Interpolationmay bemade in the
Table.

(-a) The cross‐sectional area of the reinforcement
ring shall be at least equal to that indicated by the
following equation:

= i
k
jjj y

{
zzzA

P R
SE

( )
2

1 tanL
2

(-b) When the thickness, less corrosion allowance,
of both the reducer and cylinder exceeds that required by
the applicable design equations, the minimum excess
thicknessmay be considered to contribute to the required
reinforcement ring in accordancewith the following equa-
tion:

=A t R t4e e L s

(-c) Any additional area of reinforcement that is
required shall be situated within a distance of R tL s
from the junction of the reducer and the cylinder. The
centroid of the added area shall be within a distance
of R t0.5 L s from the junction.

(3) Reinforcement shall be provided at the junction
of the conical shell of a reducer without a flare and the
small cylinder when the value of Δ obtained from
Table NCD-3324.11(b)(3)-1, using the appropriate
ratio P/SE, is less than α.

(-a) The cross‐sectional area of the reinforcement
ring shall be at least equal to that indicated by the
following equation:

= i
k
jjj y

{
zzzA

PR
SE2

1 tanS
2

(-b) When the thickness, less corrosion allowance,
of either the reducer or cylinder exceeds that required by
the applicable design equation, the excess thickness
maybe considered to contribute to the required reinforce-
ment r ing in accordance wi th the fo l l ow ing
equation:

= [ + ]A m R t t t t t( cos ) ( )e s c s

(-c) Any additional area of reinforcement that is
required shall be situated within a distance of R ts s
from the junction, and the centroid of the added area
shall be within a distance of R t0.5 s s from the junction.

(4) Reducers not described in (a)(3), such as those
made up of two ormore conical frustums having different
slopes, may be designed in accordance with (5) below.

(5) When thehalf apex angleα is greater than30deg,
cone‐to‐cylinder junctionswithout a knucklemaybeused,
with or without reinforcing rings, if the design is based on
stress analysis. When such an analysis is made, the calcu-
lated localized stresses at the discontinuity shall not
exceed the following values.
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(-a) Membrane hoop stress plus average discon-
tinuity hoop stress shall not be greater than 1.5SE, where
the “average discontinuity hoop stress” is the average
hoop stress across the wall thickness due to the disconti-
nuity at the junction, disregarding the effect of Poisson’s
ratio times the longitudinal stress at the surfaces.

(-b) Membrane longitudinal stress plus disconti-
nuity longitudinal stress due to bending shall not be
greater than 3SE.

(-c) The angle joint between the cone and cylinder
shall be designed equivalent to a double butt-welded joint,
and, because of the high bending stress, there shall be no
weak zones around the angle joint. The thickness of the
cylindermayhave to be increased to limit the difference in
thickness so that the angle joint has a smooth contour.

NCD-3324.12 Nozzles.

(a) The wall thickness of a nozzle or other connection
shall not be less than the nominal thickness of the
connecting piping. In addition, the wall thickness shall
not be less than the thickness computed for the applicable
loadings in NCD-3111 plus the thickness added for corro-
sion allowance. Except for access openings and openings
for inspectiononly, thewall thickness shall notbe less than
the smaller of (1) and (2) below:

(1) the required thickness of the shell or head to
which the connection is attached plus the corrosion allow-
ance provided in the shell or head adjacent to the connec-
tion;

Figure NCD-3324.11(a)(6)-1
Large Head Openings, Reverse Curve, and Conical Shell Reducer Sections

GENERAL NOTES:
(a) rL shall not be less than the smaller of 0.12(RL + t) or 3t.
(b) rs has no dimensional requirement.

Table NCD-3324.11(b)(2)-1
Values of Δ for Junctions at the Large Cylinder for α ≤ 30 deg

P/SE 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 [Note (1)]
Δ, deg 11 15 18 21 23 25 27 28.5 30

NOTE: (1) Δ = 30 deg for greater values of P/SE.

Table NCD-3324.11(b)(3)-1
Values of Δ for Junctions at the Small Cylinder for α ≤ 30 deg

P/SE 0.002 0.005 0.010 0.02 0.04 0.08 0.10 0.125 [Note (1)]
Δ, deg 4 6 9 12.5 17.5 24 27 30

NOTE: (1) Δ = 30 deg for greater values of P/SE.
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(2) the nominal wall thickness of standard wall pipe
listed in ASME B36.10M less 12.5% plus the corrosion
allowance on the connection. For diameters other than
those listed in ASME B36.10M, nominal wall shall be
based on the next larger pipe size; for nozzles larger
than the largest pipe size included in ASME B36.10M,
the nominal wall shall be based on largest size listed.
(b) Theallowable stressvalue for shear in anozzleneck

shall be 70% of the allowable tensile stress for the vessel
material.

NCD-3324.13 Nozzle Piping Transitions. The stress
limits of Table NCD-3321-1 shall apply to all portions
of nozzles that lie within the limits of reinforcement
given in NCD-3334, except as provided for in
NCD-3324.14. Stresses in the extension of any nozzle
beyond the limits of reinforcement shall be subject to
the stress limits of NCD-3600.

NCD-3324.14 Consideration of Standard Reinforce-
ment.

(a) Where a nozzle‐to‐shell junction is reinforced in
accordance with the rules of NCD-3334, the stresses in
this region due to internal pressure may be considered
to satisfy the limits of Table NCD-3321-1. Under these
conditions no analysis is required to demonstrate compli-
ance for pressure-induced stresses in the nozzle region.
(b) Where external piping loads are specified,

membrane plus bending stresses due to these loads
shall be calculated in the nozzle, and membrane stresses
shall be calculated in the local nozzle‐to‐shell region.
These stresses, in conjunction with pressure-induced
stresses, shall meet the limits of Table NCD-3321-1 for
(σm or σL) + σb. In this case the pressure-induced stresses
in the (σm or σL) + σb category may be assumed to be no
greater than the limit for σm in Table NCD-3321-1 for a
given condition.

NCD-3324.15 Other Loadings. When necessary,
vessels shall be provided with stiffeners or other addi-
tional means of support to prevent overstress or large
distortions under the external loadings listed in
NCD-3111 other than pressure and temperature.

NCD-3325 Flat Heads and Covers

The minimum thickness of unstayed flat heads, cover
plates, and blind flanges shall conform to the require-
ments given in this paragraph. These requirements
apply to both circular and noncircular heads and
covers. Some acceptable types of flat heads and covers
are shown inFigureNCD-3325-1. In this figure, thedimen-
sions of the component parts and the dimensions of the
welds are exclusive of extra metal required for corrosion
allowance.
Special consideration shall be given to the design of

shells, nozzle necks, or flanges to which noncircular
heads or covers are attached.

NCD-3325.1 Nomenclature. The symbols used are
defined as follows:

C = a factor depending upon themethod of attachment
of head, shell dimensions, and other items as listed
in NCD-3325.3, dimensionless

D = long span of noncircular heads or coversmeasured
perpendicular to short span

d = diameter, or short span, measured as indicated in
Figure NCD-3325-1

hG = gasket moment arm, equal to the radial distance
from the center line of the bolts to the line of
the gasket reaction, as shown in Section III Appen-
dices, Mandatory Appendix XI, Table XI-3221.1-2

L = perimeter of noncircular bolted head measured
along the centers of the bolt holes

l = length of flange of flanged heads, measured from
the tangent line of knuckle, as indicated in
Figure NCD-3325-1 sketches (a) and (c)

m = the ratio tr/ts; dimensionless
P = Design Pressure
r = inside corner radius on a head formed by flanging

or forging
S = maximum allowable stress value, from Section II,

Part D, Subpart 1, Tables 1A, 1B, and 3
t = minimum required thickness of flat head or cover,

exclusive of corrosion allowance
t1 = throat dimension of the closure weld, as indicated

in Figure NCD-3325-1 sketch (r)
tf = actual thickness of the flange on a forged head, at

the large end, exclusive of corrosion allowance, as
indicated in FigureNCD-3325-1 sketches (b‐1) and
(b‐2)

th = actual thickness of flat head or cover, exclusive of
corrosion allowance

tr = required thickness of seamless shell, for pressure
ts = actual thickness of shell, exclusive of corrosion

allowance
tw = thickness through the weld joining the edge of a

head to the inside of a vessel, as indicated in
Figure NCD-3325-1 sketch (g)

W = total bolt load, given for circular heads for Section
III Appendices, Mandatory Appendix XI, XI-3223,
eqs. (3) and (4)

Z = a factor of noncircular heads and covers that
depends on the ratio of short span to long span
(NCD-3325.2), dimensionless

NCD-3325.2 ð23ÞThickness. The thickness of unstayed flat
heads, covers, andblind flanges shall conform tooneof the
following four requirements.
NOTE: The equations provide structural integrity as far as stress
is concerned. Greater thicknesses may be necessary if deflection
would cause leakage at threaded or gasketed joints.
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Figure NCD-3325-1
Some Acceptable Types of Unstayed Flat Heads and Covers

GENERAL NOTE: The illustrations above are diagrammatic only. Other designs that meet the requirements of NCD-3325 are acceptable.
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(a) Circular blind flanges of ferrous materials
conforming to ASME B16.5 shall be acceptable when of
the types shown in Figure NCD-3325-1 sketches (j)
and (k).
(b) The minimum required thickness of flat unstayed

circularheads, covers, andblind flanges shall be calculated
by eq. (4)

=t d CP S (4)

except when the head, cover, or blind flange is attached
by bolts causing an edge moment [Figure NCD-3325-1
sketches (j) and (k)], in which case the thickness shall
be calculated by eq. (5)

= +t d CP S Wh Sd1.27 G
3 (5)

Whenusingeq. (5), the thickness t shall be calculated for
both Service Loadings and gasket seating and the greater
of the two values shall be used. For Service Loadings, the
value of P shall be the Design Pressure and the values of S
at the Design Temperature andW from Section III Appen-
dices, Mandatory Appendix XI, XI-3223, eq. (3) shall be
used. For gasket seating, P equals zero and the values
of S at atmospheric temperature and W from Section
III Appendices, Mandatory Appendix XI, XI-3223, eq.
(4) shall be used.
(c) For Class 3 vessels only, flat unstayed heads, covers,

or blind flanges may be square, rectangular, elliptical,
obround, segmental, or otherwise noncircular. Their
required thickness shall be calculated by eqs. (6) and (7)

=t d ZCP S (6)

where

=Z 3.4 d
D

2.4 (7)

with the limitation that Z need not be greater than 2.5.
(d) For Class 3 vessels only, eq. (6) of (c) does not apply

to noncircular heads, covers, or blind flanges attached by
bolts causing a bolt edge moment [Figure NCD-3325-1
sketches (j) and (k)]. For noncircular heads of this
type, the required thickness shall be calculated by the
following equation:

= +t d ZCP S Wh SLd4 G
2 (8)

When using eq. (8), the thickness t shall be calculated in
the same way as specified above for (b), eq. (5).

NCD-3325.3 Values of C. For the types of construction
shown in Figures NCD-3325-1 , NCD-4243.1-1 ,
NCD-4243.1-2, and NCD-4243.3-1, the minimum values
of C to be used in NCD-3325.2(b), eqs. (4) and (5);
NCD-3325.2(c), eq. (6); and NCD-3325.2(d), eq. (8) are
given in (a) through (q) below.
(a) In sketch (a), C = 0.17 for flanged circular and

noncircular heads forged integral with or butt welded
to the vessel with an inside corner radius not less than
three times the required head thickness, with no
special requirement with regard to length of flange.

(1) C=0.10 for circular heads,when the flange length
for heads of the above design is not less than

=
i
k
jjjjjj

y
{
zzzzzzl

t

t
dt1.1 0.8 s

h
h

2

2

(2) C=0.10 for circular heads,when the flange length
l is less than the requirement in (1) above but the shell
thickness is not less than

=t t l dt1.12 1.1s h h
for a length of at least dt2 s .

(3) When C = 0.10 is used, the taper shall be 1:4.
(b) In sketch (b‐1), C = 0.17 for forged circular and

noncircular heads integral with or butt welded to the
vessel, where the flange thickness is not less than two
times the shell thickness, the corner radius on the
inside is not less than three times the flange thickness,
and the welding meets all the requirements for circum-
ferential joints given in Article NCD-4000.
(c) In sketch (b‐2), C = 0.33m but not less than 0.20 for

forged circular andnoncircular heads integralwith or butt
welded to the vessel, where the flange thickness is not less
than the shell thickness, the corner radius on the inside is
not less than 1.5 times the flange thickness, and the
welding meets all the requirements for circumferential
jo ints given in Art ic le NCD-4000. [See Figure
NCD-4243.3-1 sketches (a) and (b) for the special case
where tf equals ts.]
(d) In sketch (c), C = 0.13 for circular heads lap welded

or brazed to the shell with corner radius not less than 3t
and l not less than required by (a)(1) above and the

Figure NCD-3325-1
Some Acceptable Types of Unstayed Flat Heads and Covers (Cont’d)

NOTES:
(1) Circular covers, C = 0.33m, C min. = 0.20.
(2) Noncircular covers, C = 0.33.
(3) When pipe threads are used, see Table NCD-3361.2.2-1.
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requirementsofNCD-3358aremet. This sketch is forClass
3 vessels only.

(1) C = 0.20 for circular and noncircular lap‐welded
or brazed construction as above but with no special
requirement with regard to l.

(2) C = 0.20 for circular flanged plates screwed over
theendof thevesselwith insidecornerradiusnot less than
3t, inwhich the design of the threaded joint against failure
by shear, tension, or compression, resulting from the end
force due to pressure, is based on a factor of safety of at
least 4 and the threaded parts are at least as strong as the
threads for standard piping of the same diameter. Seal
welding may be used, if desired.
(e) In sketch (d), C = 0.13 for integral flat circular heads

when the dimension d does not exceed 24 in. (600 mm),
the ratio of thickness of the head to the dimension d is not
less than 0.05 nor greater than 0.25, the head thickness th
is not less than the shell thickness ts, the inside corner
radius is not less than 0.25t, and the construction is
obtained by special techniques of upsetting and spinning
the end of the shell, such as employed in closing header
ends.
(f) In sketches (e), (f), and (g), C = 0.33m but not less

than 0.20 for circular plates, welded to the inside of a
vessel, and otherwise meeting the requirements for the
respective types of welded vessels. If a value of m less
than 1 is used in calculating t, the shell thickness ts
shall be maintained along a distance inwardly from the
inside face of the head equal to at least dt2 s . The
throat thickness of the fillet welds in sketches (e) and
(f) shall be at least 0.7ts. The size of the weld tw in
sketch (g) shall be not less than two times the required
thickness of a seamless shell nor less than 1.25 times the
nominal shell thickness, but need not be greater than the
head thickness; the weld shall be deposited in a welding
groove with the root of the weld at the inner face of the
head as shown in the figure.
For noncircular plates, welded to the inside of a vessel

and otherwise meeting the requirements for the respec-
tive types ofwelded vessels, C = 0.33. The throat thickness
of the fillet welds in sketches (e) and (f) shall be at least
0.7ts. The size of the weld tw in sketch (g) shall be not less
than two times the required thickness of a seamless shell
nor less than 1.25 times the nominal shell thickness, but
neednot be greater than thehead thickness; theweld shall
be deposited in awelding groovewith the root of theweld
at the inner face of the head as shown in the figure. These
sketches are for Class 3 vessels only.
(g) In sketch (h), C = 0.33 for circular plates welded to

the end of the shell when ts is at least 1.25tr and the weld
details conformto therequirementsofNCD-3358.3(g)and
FigureNCD-4243.2-1 sketches (a) through (g). This sketch
is for Class 3 vessels only.
(h) In sketch (i), C = 0.33m but not less than 0.20 for

circular plates if an inside fillet weldwithminimum throat
thicknessof0.7ts is usedand thedetails of theoutsideweld

conformto the requirements ofNCD-3358.3(g) andFigure
NCD-4243.2-1 sketches (a) through (g), in which the
inside weld can be considered to contribute an amount
equal to ts to the sum of the dimensions a and b. This
sketch is for Class 3 vessels only.
(i) In sketches (j) and (k), C= 0.20 for or Class 2 circular

heads and Class 3 circular heads, noncircular heads, and
bolted to the vessel as indicated in the figures. Noncircular
heads and covers bolted to the vessel arenot permitted for
Class 2 vessels. Note that NCD-3325.2(b), eq. (5), or
NCD-3325.2(d), eq. (8) shall be used because of the
extra moment applied to the cover by bolting. When
the cover plate is grooved for a peripheral gasket, as
shown in sketch (k), the net cover plate thickness
under the groove or between the groove and the outer
edge of the cover plate shall be not less than

d Wh Sd1.27 G
3

for circular heads and covers, nor less than

d Wh SLd4 G
2

for noncircular heads and covers.
(j) In sketches (m), (n), and (o), C = 0.20 for a circular

plate inserted into the endof a vessel andheld inplace by a
positive mechanical locking arrangement and when all
possible means of failure (either by shear, tension,
compression, or radial deformation, including flaring,
resulting from pressure and differential thermal expan-
sion) are resisted using stresses consistent with this
Article. Seal welding may be used, if desired.
(k) In sketch (p), C = 0.17 for circular and noncircular

covers bolted with a full face gasket to shells, flanges, or
side plates.
(l) In sketch (q), C = 0.50 for circular plates screwed

into the end of a vessel having an inside diameter d
not exceeding 12 in. (300 mm) or for heads having an
integral flange screwed over the end of a vessel having
an inside diameter d not exceeding 12 in. (300 mm)
and when the design of the threaded joint against
failure by shear, tension, compression, or radial deforma-
tion, including flaring, resulting from pressure and differ-
ential thermal expansion, is based on stresses consistent
with this Subsection. If a tapered pipe thread is used, the
requirements of NCD-3361.2.2 shall also be met. Seal
welding may be used, if desired. This sketch is for
Class 3 vessels only.
(m) In sketch (r), C = 0.33 for circular plates having a

dimension d not exceeding 18 in. (450 mm) inserted into
the vessel as shown and otherwise meeting the require-
ments for the respective types of welded vessels. The end
of the vessel shall be crimped over at least 30 deg, but not
more than 45 deg. The crimping may be done cold only
when this operationwill not injure themetal. The throat of
theweld shall benot less than the thicknessof the flat head
or shell, whichever is greater. This sketch is for Class 3
vessels only.
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(n) In sketch (s), C = 0.33 for circular beveled plates
having a diameter d not exceeding 18 in. (450 mm),
inserted into a vessel, the end of which is crimped
over at least 30 deg but not more than 45 deg and
when the undercutting for seating leaves at least 80%
of the shell thickness. The beveling shall be not less
than 75% of the head thickness. The crimping shall be
done when the entire circumference of the cylinder is
uniformly heated to the proper forging temperature
for the material used. For this construction, the ratio
ts/d shall be not less than the ratio P/S nor less than
0.05. The maximum allowable pressure for this construc-
tion shall not exceed P = S/5d. This sketch is for Class 3
vessels only.
(o) In Figure NCD-4243.3-1, C = 0.33m but is not less

than 0.20 when the dimensional requirements of
NCD-3358.4 are met.
(p) In Figure NCD-4243.1-1, sketches (b), (c), (e), and

(f), C = 0.33m but is not less than 0.20 when the dimen-
sional requirements of NCD-3358.3 are met. These
sketches are for Class 2 vessels only.
(q) In Figure NCD-4243.1-2, sketches (a) and (b), C =

0.33m but is not less than 0.20 when the dimensional re-
quirements of NCD-3358.3 aremet. These sketches are for
Class 2 vessels only.

NCD-3326 Spherically Dished Covers With Bolting
Flanges

NCD-3326.1 Nomenclature. The symbols used are
defined as follows:

A = outside diameter of flange
B = inside diameter of flange
C = bolt circle diameter

HD = axial component of the membrane load in the
spherical segment, acting at the inside of the
flange ring

x = 0.785B2P
hD = radial distance from the bolt circle to the inside of

the flange ring
Hr = radial component of the membrane load in the

spherical segment = HD cot β1, acting at the inter-
section of the inside of the flange ring with the
center line of the dished cover thickness

hr = lever arm of Hr about centroid of flange ring
L = inside spherical or crown radius

Mo = the total moment, determined as in XI‐3230 for
heads concave to pressure, and XI‐3260 for
heads convex to pressure; except that, for
h e a d s o f t h e t y p e s h ow n i n F i g u r e
NCD-3326.1-1 sketch (d), HD and hD shall be as

defined below, and an additional moment Hr hr
shall be included
NOTE: Since Hrhr in some cases will subtract from the
total moment, the moment in the flange ring when the
internal pressure is zero may be the determining
loading for the flange design.

P = Design Pressure
r = inside knuckle radius
S = maximum allowable stress value
T = flange thickness
t = minimum required thickness of head plate after

forming
β1 = angle formed by the tangent to the center line of

the dished cover thickness at its point of intersec-
tion with the flange ring, and a line perpendicular
to the axis of the dished cover where

=
+

i
k
jjj y

{
zzzB

L t
arc sin

21

NCD-3326.2 Spherically Dished Heads With Bolting
Flanges. Circular spherically dished heads with bolting
flanges, both concave and convex to the pressure, and
conforming to the several types i l lustrated in
Figure NCD-3326.1-1, shall be designed in accordance
with the requirements of (a) through (d) below. For
heads convex to pressure, the spherical segments shall
be thickened, if necessary, to meet the requirements of
NCD-3133. The actual value of the total moment Mo
may calculate to be either plus or minus for both the
heads concave to pressure and the heads convex to pres-
sure. However, for use in all of the equations that follow,
the absolute values for both P and Mo shall be used.
(a) Heads of the Type Shown in Figure NCD-3326.1-1

Sketch (a). This sketch is for Class 3 only.
(1) The thicknessof thehead t shall bedeterminedby

the appropriate equation in NCD-3324.
(2) Thehead radiusLor theknuckle radius r shall not

exceed the limitations given in NCD-3324.
(3) The flange shall comply at least with the require-

ments of Section III Appendices, Mandatory Appendix XI,
FigureXI-3120-1andshall bedesigned inaccordancewith
the applicable provisions of Section III Appendices, Man-
datory Appendix XI. Within the range of ASME B16.5, the
flange facings and drillings should conform to those Stan-
dards and the thickness specified therein shall be consid-
ered as a minimum requirement.
(b) Heads of the Type Shown in Figure NCD-3326.1-1

Sketch (b). This sketch is for Class 3 only.
(1) Head thickness

=t PL
S

5
6
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(2) Flange thickness T
(-a) For ring gasket

= +i
k
jjj y

{
zzzT

M
SB

A B
A B

o

(-b) For full-face gasket

= +
Ä

Ç
ÅÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑÑ

T P
S

B A B C B
A B

0.6
( )( )

( )

NOTE: The radial components of themembrane load in the sphe-
rical segment are assumed to be resisted by its flange.

Within the range of ASME B16.5, the flange facings
and drillings should conform to those Standards, and the
thickness specified therein shall be considered as a
minimum requirement.
(c) Heads of the Type Shown in Figure NCD-3326.1-1

Sketch (c)
(1) Head thickness

=t PL
S

5
6

(9)

(2) Flange thickness for ring gaskets shall be calcu-
lated as follows:

(-a) for heads with round bolting holes

= + +T Q M C B
SB C B

1.875 ( )
(7 5 )

o (10)

where

= +( )Q PL
S

C B
C B4 7 5

(11)

(-b) for heads with bolting holes slotted through
the edge of the head

= + +T Q M C B
SB C B

1.875 ( )
(3 )

o (12)

where

= +( )Q PL
S

C B
C B4 3

(13)

(3) Flange thickness for full face gaskets shall be
calculated by the following equation:

= + +T Q Q
BQ C B

L
2 3 ( ) (14)

The value of Q in eq. (14) is calculated by
(2)(-a) , eq. (11) for round bolting holes or by
(2)(-b), eq. (13) for bolting holes slotted through the
edge of the head [see (2) above].

Figure NCD-3326.1-1
Spherically Dished Covers With Bolting Flanges
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(4) The required flange thickness shall be T as calcu-
lated in (2) or (3) above, but in no case less than the value
of t calculated in (1) above.
(d) Heads of the Type Shown in Figure NCD-3326.1-1

Sketch (d)
(1) Head thickness

=t PL
S

5
6

(15)

(2) Flange thickness

= + +T F F J2 (16)

where

=F PB L B
S A B

4
8 ( )

2 2
(17)

= +( )( )J
M
SB

A B
A B

o (18)

NOTE: These equations are approximate in that they do not take
into account continuity between the flange ring and the dished
head. A more exact method of analysis that takes this into
account may be used. Such a method may parallel the
method of analysis and allowable stresses for flange design
in Section III Appendices, Mandatory Appendix XI. The
dished portion of a cover designed under this rule may, if
welded, require evaluation of any welded joint.

NCD-3327 Quick Actuating Closures

Closures other than the multibolted type designed to
provide access to the contents space of a component
shall have the locking mechanism or locking device so
designed that failure of anyone locking elementor compo-
nent in the locking mechanism cannot result in the failure
of all other locking elements and the release of the closure.
Quick actuating closures shall be so designed and installed
that it may be determined by visual external observation
that the holding elements are in good condition and that
their locking elements, when the closure is in the closed
position, are in full engagement.

NCD-3327.1 Positive Locking Devices. Quick actuating
closures that are held in position by positive locking
devices and that are fully released by partial rotation
or limiting movement of the closure itself or the
locking mechanism and any closure that is other than
manually operated shall be so designated that when
the vessel is installed the conditions of (a) through (c)
below are met.
(a) The closure and its holding elements are fully

engaged in their intended operating position before pres-
sure can be built up in the vessel.

(b) Pressure tending to force the closure clear of the
vessel will be released before the closure can be fully
opened for access.
(c) In the event that compliance with (a) and (b) is not

inherent in the design of the closure and its holding
elements, provision shall be made so that devices to
accomplish this can be added when the vessel is installed.

NCD-3327.2 Manual Operation. Quick actuating
closures that are held in position by a locking device
or mechanism that requires manual operation and are
so designed that there will be leakage of the contents
of the vessel prior to disengagement of the locking
elements and release of closure need not satisfy
NCD-3327.1, but such closures shall be equipped with
an audible or visible warning device that will serve to
warn the operator if pressure is applied to the vessel
before the closure and its holding elements are fully
engaged in their intended position and further will
serve to warn the operator if an attempt is made to
operate the locking mechanism or device before the pres-
sure within the vessel is released.

NCD-3327.3 Pressure Indicating Device. When
installed, all vessels having quick actuating closures
shall be provided with a pressure indicating device
visible from the operating area.

NCD-3328 Combination Units

When a vessel consists of more than one independent
chamber, operating at the same or different pressures and
temperatures, each such chamber shall be designed and
constructed to withstand the most severe condition of
coincident pressure and temperature expected in
normal service.

NCD-3329 Ligaments, Braced and Stayed
Surfaces, Staybolts

NCD-3329.1 Ligaments.

(a) The symbols used in the equations and chart of this
paragraph are defined as follows:

d = diameter of tube holes
n = number of tube holes in length p1
p = longitudinal pitch of tube holes
p′ = diagonal pitch of tube holes
p1 = unit length of ligament

(b) When a cylindrical shell is drilled for tubes in a line
parallel to the axis of the shell for substantially the full
l e n g t h o f t h e s h e l l a s s h o w n i n F i g u r e s
NCD-3329.1(b)-1 through NCD-3329.1(b)-3, the effi-
ciency of the ligaments between the tube holes shall
be determined by (1) or (2) below:
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Figure NCD-3329.1(b)-1
Example of Tube Spacing With Pitch of Holes Equal in Every Row

51/4 in.

Longitudinal Line

(133
    mm)

51/4 in.

(133
    mm)

51/4 in.

(133
    mm)

51/4 in.

(133
    mm)

51/4 in.

(133
    mm)

51/4 in.

(133
    mm)

51/4 in.

(133
    mm)

GENERAL NOTE: 51/4 in. = 133 mm

Figure NCD-3329.1(b)-2
Example of Tube Spacing With Pitch of Holes Unequal in Every Second Row

51/4 in.

Longitudinal Line

(133
    mm)

63/4 in.

(171
    mm)

51/4 in.

(133
    mm)

63/4 in.

p1 = 12 in. (300 mm)

(171
    mm)

51/4 in.

(133
    mm)

63/4 in.

(171
    mm)

51/4 in.

(133
    mm)

GENERAL NOTES:
(a) 51/4 in. = 133 mm
(b) 63/4 in. = 171 mm
(c) 12 in. = 300 mm

Figure NCD-3329.1(b)-3
Example of Tube Spacing With Pitch of Holes Varying in Every Second and Third Row

51/4 in.

Longitudinal Line

(133
    mm)

63/4 in.

(171
    mm)

51/4 in.

(133
    mm)

p1 = 291/4 in. (743 mm)

51/4 in.

(133
    mm)

63/4 in.

(171
    mm)

51/4 in.

(133
    mm)

51/4 in.

(133
    mm)

63/4 in.

(171
    mm)

51/4 in.

(133
    mm)

GENERAL NOTES:
(a) 51/4 in. = 133 mm
(b) 63/4 in. = 171 mm
(c) 291/4 in. = 743 mm
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(1) when the pitch of the tube holes on every row is
equal [Figure NCD-3329.1(b)-1], the equation is (p – d)/p
= efficiency of ligament;

(2) when the pitch of tube holes on any one row is
u n e q u a l [ F i g u r e s N C D - 3 3 2 9 . 1 ( b ) - 2 a n d
NCD-3329.1(b)-3], theequation is (p1−nd)/p1 =efficiency
of ligament.
(c) The strength of ligaments between tube holes

measured circumferentially shall be at least 50% of the
strength of ligaments of similar dimensions taken in a
line parallel to the axis of the cylindrical shell.
(d) When a cylindrical shell is drilled for tube holes so

as to fo rm d iagona l l i g amen t s , a s shown in
Figure NCD-3329.1(d)-1, the efficiency of these ligaments
sha l l be that g iven by the diagram in Figure
NCD-3329.1(d)-2. The pitch of tube holes shall be
measured either on the flat plate before rolling or on
the middle line of the plate after rolling. To use the
diagram in Figure NCD-3329.1(d)-2, compute the value
ofp′/p1 andalso theefficiencyof the longitudinal ligament.
Next find in the diagram the vertical line corresponding to
the longitudinal efficiency of the ligament and follow this
line vertically to the point where it intersects the diagonal
line representing the ratio of p′/p1. Then project this point
horizontally to the left and read the diagonal efficiency of
the ligament on the scale at the edge of the diagram. The
shell thickness and themaximumallowable pressure shall
be based on the ligament that has the lower efficiency.
(e) When tube holes in a cylindrical shell are arranged

in symmetrical groups that extend a distance greater than
the inside diameter of the shell along lines parallel to the
axis and the same spacing is used for each group, the effi-
ciency for one of the groups shall be not less than the effi-
ciency on which the maximum allowable pressure is
based.
(f) Theaverage ligamentefficiency ina cylindrical shell,

inwhich the tube holes are arranged along lines parallel to
the axis with either uniform or nonuniform spacing, shall
be computed by the following rules and shall satisfy the
requirements of both (1) and (2) below.
NOTE: These rules apply to ligaments between tube holes and
not to single openings. They may give lower efficiencies in some
cases than those for symmetrical groups that extend a distance
greater than the inside diameter of the shell as covered in (e).
When this occurs, the efficiencies computed by the rules under
(b) shall govern.

(1) For a length equal to the inside diameter of the
shell for the position that gives the minimum efficiency,
the efficiency shall be not less than that on which the
maximumallowablepressure isbased.When thediameter
of the shell exceeds 60 in. (1 500 mm), the length shall be
taken as 60 in. (1 500 mm) in applying this rule.

(2) For a length equal to the inside radius of the shell
for the position that gives the minimum efficiency, the
efficiency shall be not less than 80% of that on which
the maximum allowable pressure is based. When the

radius of the shell exceeds 30 in. (750 mm), the length
shall be taken as 30 in. (750 mm) in applying this rule.
(g) For holes that are not in line, placed longitudinally

along a cylindrical shell, the rules in (f) above for calcu-
lating efficiency shall hold, except that the equivalent lon-
gitudinal width of a diagonal ligament shall be used. To
obtain the equivalent width, the longitudinal pitch of the
two holes having a diagonal ligament shall be multiplied
by the efficiency of the diagonal ligament. The efficiency to
be used for the diagonal ligaments is given in Figure
NCD-3329.1(g)-1.

NCD-3329.2 For Class 3 Only.

NCD-3329.2.1 Braced and Stayed Surfaces.

(a) The minimum thickness and maximum allowable
pressure for braced and stayed flat plates and those
parts which, by these rules, require staying as flat
plates with braces or staybolts of uniform diameter
symmetrically spaced shall be calculated by the following
equations:

=t p P
SC

(19)

=P t SC
p

2

2
(20)

where

C = 2.1 forwelded staysor stays screwed throughplates
not over 7/16 in. (11 mm) in thickness with ends
riveted over

x = 2.2 forwelded staysor stays screwed throughplates
over 7/16 in. (11mm) in thicknesswith ends riveted
over

x = 2.5 for stays screwed through plates and fitted with
single nuts outside of plate or with inside and
outside nuts, omitting washers

x = 2.8 for stays with heads not less than 1.3 times the
diameter of the stays screwed through plates, or
made a taper fit and having the heads formed on
the staysbefore installing themandnot rivetedover

x = 3.2 for stays fitted with inside and outside nuts and
outside washers where the diameter of washers is
not less than 0.4p and thickness not less than t

P = Design Pressure
p = maximum pitch measured between straight lines

passing through the centers of the staybolts in
the different rows, which lines may be horizontal,
vertical, or inclined

S = maximumallowable stress value, given in Section II,
Part D, Subpart 1, Tables 1A, 1B, and 3

t = minimum thickness of plate, exclusive of corrosion
allowance
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(b) The minimum thickness of plates to which stays
may be applied, in other than cylindrical or spherical
outer shell plates, shall be 5/16 in. (8 mm) except for
welded construction (NCD-3329.2.3).
(c) If a stayed jacket extends completely around a cy-

lindrical or spherical vessel, or completely covers a
formed head, it shall meet the requirements given in
(a) above and shall alsomeet the applicable requirements
for shells or heads (NCD-3324).
(d) Whentwoplatesare connectedbystaysandbutone

of these plates requires staying, the value of C shall be
governed by the thickness of the plate requiring staying.
(e) The acceptable proportions for the ends of through

s t ay s w i th washe r s a re ind i c a t ed in F i gu re
NCD-3329.2.1-1.
(f) The maximum pitch shall be 81/2 in. (215 mm),

except that for welded‐in staybolts the pitch may be
greater, provided it does not exceed15 times the diameter
of the staybolt.
(g) When the staybolting of shells is unsymmetrical by

reason of interference with butt straps or other construc-
tion, it is permissible to consider the load carried by each
staybolt as the area calculated by taking the distance from
the center of the spacing on one side of the bolt to the
center of the spacing on the other side.

NCD-3329.2.2 Threaded Staybolts.

(a) The ends of staybolts or stays screwed through the
plate shall extend beyond the plate not less than two
threads when installed, after which they shall be
riveted over or upset by an equivalent process without
excessive scoring of the plates, or they shall be fitted
with threaded nuts through which the bolt or stay
shall extend.
(b) The ends of steel stays upset for threading shall be

fully annealed.

NCD-3329.2.3 Welded Stayed Construction. For
welded stayed construction, the provisions of
NCD-4470 and NCD-5260 shall be met in addition to
the requirements of (a) through (d) below.
(a) Welded‐in staybolts shall meet the requirements of

(1) through (4) below.
(1) The arrangement shall conform to one of those

illustrated in Figure NCD-4470-1.
(2) The required thickness of the plate shall not

exceed 11/2 in. (38 mm) but, if greater than 3/4 in. (19
mm), the staybolt pitch shall not exceed 20 in. (500 mm).

(3 ) The prov i s ions o f NCD-3329 .2 .1 and
NCD-3329.2.4 shall be met.

(4) The required area of the staybolt shall be deter-
mined in accordance with NCD-3329.2.5.
(b) Welded stays, as shown in FigureNCD-4470-1,may

be used to stay jacketed vessels provided the require-
ments of (1) through (8) below are met.

(1) The pressure does not exceed 300 psi (2 MPa).
(2) The required thickness of the plate does not

exceed 1/2 in. (13 mm).
(3) The size of the fillet welds is not less than the

plate thickness.
(4) The inside welds are properly inspected before

the closing plates are attached.
(5) The allowable load on the fillet welds is

computed in accordance with NCD-3356.1(c).
(6) The maximum diameter or width of the hole in

the plate does not exceed 11/4 in. (32 mm).
(7) The welders are qualified under the rules of

Section IX.
(8) The maximum spacing of stays is determined by

the equation in NCD-3329.2.1(a), using

C = 2.1 if either plate is not over 7/16 in. (11 mm) thick
C = 2.2 if both plates are over 7/16 in. (11 mm) thick

Figure NCD-3329.1(d)-1
Example of Tube Spacing With Tube Holes on Diagonal Lines

53/4

Longitudinal line

p = 111/2 in. (292 mm)

p9 = 6.42 in. (163 mm)
in.

(146 mm)
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Figure NCD-3329.1(d)-2
Diagram for Determining the Efficiency of Longitudinal and Diagonal Ligaments Between Openings

in Cylindrical Shells
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Figure NCD-3329.1(g)-1
Diagram for Determining Equivalent Longitudinal Efficiency of Diagonal Ligaments
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(c) Weldedstayedconstruction, consistingof adimpled
or embossed plate welded to another like plate or to a
plain plate, may be used, provided the requirements of
(1) through (4) below are met.

(1) The pressure does not exceed 300 psi (2 MPa).
(2) The welded attachment is made by fillet welds

around holes or slots as shown in Figure NCD-4470-1
and is calculated in accordance with NCD-4470.

(3) Themaximumallowable pressure of the dimpled
or embossed components is established in accordance
with the requirements of NCD-6900.

(4) The plain plate, if used, shall meet the require-
ments for braced and stayed surfaces.
(d) Thewelds need not be radiographed, nor need they

bepostweldheat treatedunless thevessel is required tobe
postweld heat treated.

NCD-3329.2.4 Location of Staybolts.

(a) The distance from the edge of a staybolt hole to the
edgeof a flat stayedplate shallnotbegreater than thepitch
of the stays.
(b) When the edge of a flat stayed plate is flanged, the

distance from the center of the outermost stays to the
inside of the supporting flange shall not be greater
than the pitch of the stays plus the inside radius of the
flange.

NCD-3329.2.5 Dimensions of Staybolts.

(a) The required areaof a staybolt at itsminimumcross
section and exclusive of any allowance for corrosion shall
be obtainedbydividing the loadon the staybolt, computed
in accordance with (b) below, by the allowable stress for
thematerial used (Section II, Part D, Subpart 1, Tables 1A,
1B, and 3) and multiplying the result by 1.10.
NOTE: The minimum cross section is usually at the root of the
thread.

(b) The area supported by a stay shall be computed on
the basis of the full pitch dimensions, with a deduction for
the area occupied by the stay. The load carried by a stay is
the product of the area supported by the stay and the
maximum allowable pressure.
(c) Stays made of parts joined by welding shall be

designed using a joint efficiency of 0.60 for the weld.

NCD-3330 OPENINGS AND REINFORCEMENT15

NCD-3331 General Requirements for Openings

(a) Openings16 in cylindrical or conical portions of
vessels or in formed heads shall preferably be circular,
elliptical, or obround.17 When the long dimension of an
elliptical or obround opening exceeds twice the short
dimensions, the reinforcement across the short dimen-
sions shall be increased as necessary to provide
against excessive distortion due to twisting moment.
(b) Openingsmaybeofother shapes than thosegiven in

(a) above, and all corners shall be providedwith a suitable
radius. When the openings are of such proportions that
their strengthcannotbe computedwithassuranceof accu-
racy or when doubt exists as to the safety of a vessel with
such openings, the part of the vessel affected shall be
subjected to a proof hydrostatic test as prescribed in
NCD-6900.
(c) See below.
(1) The rules for reinforcement of openings given in

NCD-3330 are intended to apply to openings not
exceeding the following:

(-a) for vessels 60 in. (1 500 mm) diameter and
less: one‐half the vessel diameter but not to exceed 20
in. (500 mm);

(-b) for vessels over 60 in. (1 500 mm) diameter:
one‐third the vessel diameter but not to exceed 40 in.
(1 000 mm).

(2) Larger openings shall be given special attention.
Two‐thirds of the required reinforcement shall be within
1/2r parallel to the vessel surface and measured from the
edge of the opening, where r is the radius of the finished
opening. The limit normal to the vessel wall is the smaller
of the limits specified in NCD-3334.2. Special considera-
tion shall be given to the fabrication details used and
examination employed. Reinforcement often may be
advantageously obtained by use of heavier shell plate
for a vessel course or inserted locally around the
opening. Welds may be ground to concave contour and
the inside corners of the opening rounded to a generous
radius to reduce stress concentrations.
(d) All references to dimensions in NCD-3330 apply to

the finished dimensions, excluding material added as
corrosion allowance.
(e) Any type of opening may be located in a welded

joint.

Figure NCD-3329.2.1-1
Acceptable Proportions for Ends or Through Stays
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NCD-3332 Reinforcement Requirements for
Openings in Shells and Formed Heads

NCD-3332.1 Openings Not Requiring Reinforcement.
Reinforcement shall be provided in amount and distribu-
tion such that the requirements for area of reinforcement
are satisfied for all planes through the center of the
opening and normal to the surface of the vessel, except
that single circular openings need not be provided
with reinforcement if the openings have diameters
equal to or less than NPS 2 (DN 50).

NCD-3332.2 RequiredAreaofReinforcement.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 NCD-3332.2-1 may be used for inte-
grally reinforced openings in cylindrical shells
and cones.

tr = the required thickness of a shell or head computed
in accordance with the rules of this Article for the
Design Pressure, except that:
(a) when the opening and its reinforcement are

entirely within the spherical portion of a torisphe-
rical head, tr is the thickness required by
NCD-3324.8(b), using E = 1 and M = 1;

Figure NCD-3332.2-1
Chart for Determining Value of F
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(b) when the opening is in a cone, tr is the thick-
ness required for a seamless cone of diameter D
measured where the nozzle axis pierces the
inside wall of the cone;
(c) when the opening and its reinforcement are

in an ellipsoidal head and are located entirely
within a circle the center of which coincides
with the center of the head and the diameter of
which is equal to 80% of the shell diameter, tr is
the thickness required for a seamless sphere of
radius K1D, where D is the shell diameter and K1
is given by Table NCD-3332.2-1.

At least one‐half of the required reinforcing shall be on
each side of the center line of the opening.

NCD-3332.3 Reinforcement for External Pressure.

(a) The reinforcement required for openings in vessels
designed for external pressure need only be 50% of that
required in the equation for area in NCD-3332.2 except tr
is thewall thickness required by the rules for components
under external pressure.
(b) The reinforcement required for openings in each

shell of a multiple walled vessel shall comply with (a)
above when the shell is subject to external pressure
and with NCD-3332.2 when the shell is subject to internal
pressure.

NCD-3332.4 Reinforcement for Internal and External
Pressure. Reinforcement of vessels subject to both
internal and external pressures shall meet the require-
ments of NCD-3332.2 for internal pressure and of
NCD-3332.3 for external pressure.

NCD-3333 Reinforcement Required for Openings
in Flat Heads

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

=A dt0.5 r

whered is as defined inNCD-3332.2 and tr is the thickness,
which meets the requirements of NCD-3325 in the
absence of the opening.
(b) As an alternative to (a) above, the thickness of flat

heads may be increased to provide the necessary opening
reinforcement as follows:

(1) in NCD-3325.2(b), eq. (4), by using 2C or 0.75 in
place of C, whichever is less;

(2) in NCD-3325.2(b), eq. (5), by doubling the quan-
tity under the square root sign.
(c) Flatheads thathaveanopeningwithadiameter that

exceeds one‐half of the head diameter or shortest span, as
defined in NCD-3325.1, shall be designed as follows.

(1) When the opening is a single, circular, centrally
located opening andwhen the shell–head juncture is inte-
grally formed or integrally attached by a full penetration
weld similar to those shown in Figure NCD-3325-1
sketches (a), (b‐1), (b‐2), (d), or (g), the head shall be
designed according to Section III Appendices, Mandatory
Appendix XIX and related parts of Section III Appendices,
MandatoryAppendixXI. The requiredhead thicknessdoes
not have to be calculated according to NCD-3325 since the
head thickness that satisfies all the requirements of
Section III Appendices, Mandatory Appendix XIX also
satisfies the intent of NCD‐3325. The opening in the
head may have a nozzle that is integrally formed or inte-
grally attached by a full penetration weld or it may be an
opening without an attached nozzle or hub.

(2) When the opening is of any other type than that
described in (1) above, no specific rules are given. Conse-
quently, the requirements of NCD-1110(c) shall be met.

NCD-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.

NCD-3334.1 Limits 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.

Table NCD-3332.2-1
Values of Spherical Radius Factor K1

D/2h 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0
K1 1.36 1.27 1.18 1.08 0.99 0.90 0.81 0.73 0.65 0.57 0.50

GENERAL NOTE: Equivalent spherical radius = K1D; D/2h = axis ratio. Interpolation is permitted for intermediate values.
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(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, in., 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.

NCD-3334.2 Limits 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 lesser of (a) or (b) below:
(a) 21/2 times the nominal shell thickness less corro-

sion allowance;
(b) 21/2 times the nozzle wall thickness less corrosion

allowance, plus the thickness of any added reinforcement
exclusive of weld metal on the side of the shell under
consideration.

NCD-3335 Metal Available for Reinforcement

NCD-3335.1 Openings.Metal within the limits of rein-
forcement that may be considered to have reinforcing
value shall be that given in (a) through (d) below.
(a) metal in the vessel wall over and above the thick-

ness required to resist pressure and the thickness speci-
fied as corrosion allowance. The area in the vessel wall
available as reinforcement is the larger of the values of
A1 given by

=A E t Ft d( )r1 1
or

= +A E t Ft t t2( )( )r n1 1

(b) metal over and above the thickness required to
resist pressure and the thickness specified as corrosion
allowance in that part of a nozzle wall extending
outside the vessel wall. The maximum area in the
nozzle wall available as reinforcement is the lesser of
the values of A2 given by

=A t t t( )5n rn2
or

= +A t t t t( )(5 2 )n rn n e2

(c) all metal in the nozzle wall extending inside the
vessel wall may be included after proper deduction for
corrosion allowance on all the exposed surface is
made. No allowance shall be taken for the fact that a differ-
ential pressure on an inwardly extending nozzle may
cause opposing stress to that of the stress in the shell
around the opening where

A1 = area in excess thickness in the vesselwall available
for reinforcement, (NCD-3334)

A2 = area in excess thickness in thenozzlewall available
for reinforcement, (NCD-3334)

d = diameter in the plane under consideration of the
finished opening in its corroded condition
(NCD-3332.2)

E1 = 1 when an opening is in the plate or when the
opening passes through a circumferential joint
in a shell or cone exclusive of head‐to‐shell
joints; or

x = for Class 2 only, the joint efficiency obtained from
NCD-3352 when any part of the opening passes
through any other welded joint

F = a correction factor that compensates for the varia-
tion 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 NCD-3332.2-1 may be used for integrally
reinforcedopenings in cylindrical shells andcones.

t = nominal thickness of the vesselwall, less corrosion
allowance

te = thickness of attached reinforcing pad or height of
the largest 60 deg right triangle supported by the
vessel and nozzle outside diameter projected
surfaces and lying completely within the area of
integral reinforcement, [Figure NCD-3335.1(b)-1]

tn = nominal thickness of nozzle wall, less corrosion
allowance

tr = required thickness of a seamless shell or head as
defined in NCD-3332.2

trn = required thickness of a seamless nozzle wall

(d) metal added as reinforcement and metal in attach-
ment welds.

NCD-3335.2 Reinforcement of Multiple Openings.

(a) When any two openings in a group of two or more
openings are spaced at less than two times their average
diameter so that their limits of reinforcement overlap, the
two openings shall be reinforced in the plane connecting
the centers (Figure NCD-3335.2-1), in accordance with
NCD-3330 throughNCD-3336,with a combined reinforce-
ment that has an area equal to the combined area of the
reinforcements required for separate openings. No
portion of the cross section is to be considered as applying
to more than one opening, or to be evaluated more than
once in a combined area. The following additional require-
ments shall also apply:

(1) When the distance between the centers of the
openings is greater than 11/3 times their average
diameter, the area of reinforcement between them
shall be not less than 50% of the total required for
these openings.

(2) When the distance between the centers of the
openings is less than 11/3 times their average diameter,
no credit for reinforcement shall be taken for any of the
material between these openings, and the openings shall
be reinforced as described in (b) below.
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Figure NCD-3335.1(b)-1
Some Representative Configurations Describing the te Reinforcement Dimension
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NOTE: (1) If L < 2.5tx, use sketch (e-1). If L ≥ 2.5tx, use sketch (e-2).
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(b) Any number of adjacent openings, in any arrange-
ment, may be reinforced for an assumed opening of a
diameter enclosing all such openings. The diameter of
the assumed opening shall not exceed the following:

(1) for vessels 60 in. (1 500 mm) diameter and less,
one‐half the vessel diameter, but not to exceed 20 in.
(500 mm);

(2) for vessels over 60 in. (1 500mm) diameter, one‐
third the vessel diameter, but not to exceed 40 in.
(1 000 mm).
(c) When a group of openings is reinforced by a thicker

section butt welded into the shell or head, the edges of the
inserted section shall be tapered as prescribed in
NCD-3361.
(d) Whenaseriesof twoormoreopenings in apressure

vessel are arranged in a regular pattern, reinforcement of
the openings may be provided in accordance with the re-
quirements of NCD-3329.1.

NCD-3335.3 Flued Openings in Formed Heads.

(a) Flued openings in formed headsmade by inward or
outward forming of the head plate shall meet the require-
ments for reinforcement in NCD-3332.
(b) The minimum depth of flange of a flued opening

exceeding 6 in. (150 mm) in any inside dimension,
when not stayed by an attached pipe or flue, shall
equal 3tr or (tr + 3 in.) (tr + 75 mm), whichever is less,
where tr is the required head thickness. The depth of

flange shall be determined by placing a straight edge
across the side opposite the flued opening along the
major axis and measuring from the straight edge to
the edgeof the flangedopening [FigureNCD-3335.3(b)-1].
(c) The minimumwidth of bearing surface for a gasket

on a self‐sealing flued opening shall be in accordancewith
NCD-3363.7.

Figure NCD-3335.2-1
Arrangement of Multiple Openings

GENERAL NOTES:
(a) Hatched area represents overlapping of the reinforcement limits.
(b) Each cross‐section indicated by a straight line a‐a must be investigated for adequacy of reinforcement.
(c) Heavy circles represent openings, and light circles represent limits of reinforcement.

Figure NCD-3335.3(b)-1
Minimum Depth for Flange of Flued Openings

d

Min. depth of flange; the
    smaller of 3tr or tr + 3 in. (75 mm)
    when d exceeds 6 in. (150 mm)
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NCD-3336 Strength of Reinforcement

Material used for reinforcement shall preferably be the
same as that of the vessel wall. If thematerial of the nozzle
wall or reinforcement has a lower design stress value S
than that for the vessel material, the amount of area
provided by the nozzle wall or reinforcement in satisfying
the requirements of NCD-3332 shall be taken as the actual
area provided multiplied by the ratio of the nozzle or re-
inforcement material design stress value to the vessel
material design stress value. No reduction in the reinfor-
cing required may be taken for the increased strength of
reinforcing material and weld metal having higher design
stress values than that of the material of the vessel wall.
Deposited weld metal outside of either the vessel wall or
any reinforcing pad used as reinforcement shall be cred-
ited with an allowable stress value equivalent to the
weaker of the materials connected by the weld. Vessel‐
to‐nozzle or pad‐to‐nozzle attachment weld metal
within the vessel wall or within the pad may be credited
with a stress value equal to that of the vessel wall or pad,
respectively.

NCD-3336.1 StrengthofWeld.Oneachsideof theplane
defined in NCD-3334, the strength of the attachment
joining the vessel wall and reinforcement or any two
parts of the attached reinforcement shall be at least
equal to the lesser of (a) or (b) below:
(a) the strength in tension of the cross section of the

element of reinforcement being considered;
(b) the strength in tension of the area defined in

NCD-3332 less the strength in tension of the reinforcing
area that is integral in the vessel wall.

NCD-3336.2 Strength of Attachment. The strength of
the attachment joint shall be considered for its entire
length on each side of the plane of the area of reinforce-
mentdefined inNCD-3334. For obroundopenings, consid-
eration shall also be given to the strength of the
attachment joint on one side of the plane transverse to
the parallel sides of the opening that passes through
the center of the semicircular end of the opening.

NCD-3350 DESIGN OF WELDED CONSTRUCTION

NCD-3351 Welded Joint Categories

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
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 NCD-3351-1 illustrates typical joint locations
included in each category.

NCD-3351.1 Category A. Category A comprises longi-
tudinal welded joints within the main shell, communi-
cating chambers,18 transitions in diameter, or nozzles;
any welded joint within a sphere, within a formed or
flat head, or within the side plates19 of a flat-sided
vessel; circumferential welded joints connecting hemi-
spherical heads tomain shells, to transitions in diameters,
to nozzles, or to communicating chambers.

NCD-3351.2 CategoryB.CategoryB comprises circum-
ferential welded joints within the main shell, communi-
cating chambers,18 nozzles, or transitions in diameter,
including joints between the transition and a cylinder
at either the large or small end; circumferential
welded joints connecting formed heads other than hemi-
spherical to main shells, to transitions in diameter, to
nozzles, or to communicating chambers.

NCD-3351.3 Category C. Category C comprises welded
joints connecting flanges, Van Stone laps, tube sheets, or
flat heads to main shell, to formed heads, to transitions in
diameter, to nozzles, or to communicating chambers;18
any welded joint connecting one side plate19 to
another side plate of a flat sided vessel.

NCD-3351.4 CategoryD.CategoryD compriseswelded
joints connecting communicating chambers18 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.

NCD-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 NCD-3352-1 shows typical butt
welds for each category joint.

NCD-3352.1 Joints of Category A. All welded joints of
Category A as defined in NCD-3351 shall meet the fabrica-
tion requirements of NCD-4241 and shall be capable of
being examined in accordance with NCD-5210. The
joint efficiency, E, shall not exceed that given in (a)
through (e) below. For Class 2 vessels, the value of E
is 1.00.
(a) When the butt weld is fully radiographed in accor-

dance with NCD-5211.2(a)(1), E used in the design calcu-
lations for determining the thickness of the part shall not
exceed 1.00 for Type 1 butt welds and 0.90 for Type 2 butt
welds.
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Figure NCD-3351-1
Welded Joint Locations Typical of Categories A, B, C, and D

Figure NCD-3352-1
Typical Butt Joints
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(b) When the vessel section or part is spot radio-
graphed in accordance with NCD-5211.2(a)(2), the
value of E used in the design calculations for determining
the thickness of the part shall not exceed 0.85 for Type 1
butt welds and 0.80 for Type 2 butt welds.
(c) When the vessel section or part is neither fully

radiographed nor spot radiographically examined as
allowed by NCD-5211.2(a)(3), the value of E used in
the design calculations for determining the thickness
of the part shall not exceed 0.70 for Type 1; 0.65 for
Type 2; 0.60 for Type 3; 0.55 for Type 4; 0.50 for Type
5; and 0.45 for Type 6 welds. In other cases, the allowable
stresses used in the design calculations shall not exceed
80% of the listed values in the stress tables. This 80%
factor does not apply to allowable stresses for Sa, Sb,
Sf, and Sn used in flange design and defined in Section
III Appendices, Mandatory Appendix XI, Article XI-
3000, XI-3130 or for calculating the thickness of
braced and stayed surfaces for NCD-3329.2.1(a), eqs.
(19) and (20). The value of E for vessels designed for
external pressure only may be taken as 1.00.
(d) For vessels constructed of unalloyed titanium, all

weld joints of Category A shall be Type 1 or Type 2.
(e) For vessels constructed of SB-443, SB-444, and SB-

446, all weld joints of CategoryA shall be Type 1 orType 2.

NCD-3352.2 Joints of Category B. All welded joints of
Category B as defined in NCD-3351 shall meet the fabrica-
tion requirements of NCD-4242 and shall be capable of
being examined in accordance with NCD-5220. The
joint efficiency E, shall not exceed that given in (a)
through (e) below. For Class 2 vessels, the value of E
is 1.00.
(a) When the butt weld is fully radiographed, the

design provisions of NCD-3352.1(a) shall apply.
(b) When the butt weld is partially radiographed as

allowed by NCD-5221.2(b) or when the vessel section
or part is spot radiographed in accordance with
NCD-5221.2(c), the value of E used in the longitudinal
stress calculations shall be as stated in NCD-3352.1(b).
When seamless vessel sections or heads with Category
B butt weld joints are spot radiographed, the allowable
stresses used in the design calculations for determining
the thickness of the vessel section or part shall not exceed
85% of the values listed in the stress tables. This factor
does not apply to allowable stresses for Sa, Sb, Sf, and Sn
used in flange design and defined in XI‐3130 or for calcu-
lating the thickness of braced or stayed surfaces for
NCD-3329.2.1(a), eqs. (19) and (20).
(c) When the vessel section or part is neither fully

radiographed, partially radiographed, nor spot radio-
graphed, the design provisions of NCD-3352.1(c) apply.
(d) For vessels constructed of unalloyed titanium, all

weld joints of Category B shall be Type 1 or Type 2.
(e) For vessels constructed of SB-443, SB-444, and SB-

446, all weld joints of CategoryB shall be Type 1 or Type 2.

NCD-3352.3 Joints of Category C. All welded joints of
Category C as defined in NCD-3351 shall meet the fabrica-
tion requirements of NCD-4243 and shall be capable of
being examined in accordance with NCD-5230. The
design for attaching flanged heads shall meet the require-
ments of NCD-3358. The design requirements of Category
C buttwelds are given in (a) through (e) below. For Class 2
vessels, the value of E is 1.00.
(a) When a Category C butt weld is fully radiographed,

the design provisions of NCD-3352.1(a) shall apply.
(b) When a Category C butt weld is spot radiographed,

the design provisions of NCD-3352.2(b) shall apply.
(c) When a Category C butt weld is not radiographed,

the design provisions of NCD-3352.1(c) shall apply.
(d) When a Category C corner joint is used, the design

requirements of NCD-3325 and the dimensional require-
mentsof FigureNCD-4243.1-1 forClass2vessels orFigure
NCD-4243.2-1 forClass3vessels, specified inNCD-3358.3,
shall be met.
(e) For vessels constructed of SB-443, SB-444, and SB-

446, all weld joints of Category C shall be Type 1 or Type 2
when the Design Temperature is 1,000°F (540°C) or
higher.

NCD-3352.4 Joints of Category D. All welded joints of
Category D as defined in NCD-3351 shall be in accordance
with the requirementsofNCD-3359andoneof (a) through
(h) below.
(a) Butt-Welded Attachments. Nozzles shall meet the

fabrication requirements of NCD-4244.1(a) for Class 2
vessels or NCD-4244.2(a) for Class 3 vessels and shall
be capable of being examined in accordance with
NCD-5241. Theminimumdimensions and geometrical re-
quirements of Figure NCD-4244.1-1 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

(b) Full Penetration Corner-Welded Attachments.
Nozzles shall meet the fabrication requirements of
NCD-4244.1(b) for Class 2 vessels or NCD-4244.2(b)
for Class 3 vessels and shall be capable of being examined
as required in NCD-5241. Inserted‐type nozzles having
added reinforcement in the form of a separate reinforcing
plate shall be attached by welds at the outer edge of the
reinforcement plate and at the nozzle periphery. Theweld
at the outer edge of the reinforcement shall be a fillet weld
with a minimum throat dimension of 1/2tmin. The
minimum dimensions of Figure NCD-4244.1-2 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
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te = thickness of reinforcing element
tmin = the lesserof 3/4 in. (19mm)or the thicknessof the

thinner of the parts joined
tn = nominal thickness of penetrating part

(c) Use of Deposited Weld Metal for Openings and
Attachments

(1) Nozzles shall meet the requirements of
NCD-4244.1(c) for Class 2 vessels or NCD-4244.2(c)
for Class 3 vessels and shall be capable of being examined
in accordance with NCD-5241.

(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
NCD-4244.1-3 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 extending
less than dtn beyond the inner surface of the part pene-
trated shall be rounded to a radius of one‐half the thick-
ness tn of the nozzle or 3/4 in. (19 mm), whichever is less.
(d) Attachment of Nozzles Using Partial Penetration

Welds
(1) Partial penetration welds shall meet the require-

ments of NCD-4244.1(d) for Class 2 vessels or
NCD-4244.2(d) for Class 3 vessels. Typical details are
shown in Figure NCD-4244.1-4. For inserted nozzles
without reinforcing elements, two partial penetration
welds or a combination of fillet, single bevel, and
single J‐welds may be used. Inserted‐type nozzles
having added reinforcement in the formof a separate rein-
forcingplate shall beattachedbyweldsat theouter edgeof
the reinforcement plate and at the nozzle periphery. The
weld at the outer edge of the reinforcement shall be a fillet
weld with a minimum throat dimension of 1/2tmin. The
welds attaching the nozzles to the vessel wall and to
the reinforcement shall consist of one of the combinations
given in (-a) through (-c) below.

(-a) Asinglebevel or single J‐weld in the shell plate
and a single bevel or single J‐weld in each reinforcement
plate. The dimension tw of eachweld shall be not less than
0.7tmin [Figure NCD-4244.1-4].

(-b) A full penetration groove weld in the shell
plate and a fillet, single bevel, or single J‐weld with a
weld dimension tw not less than 0.7tmin in each reinforce-
ment plate [Figure NCD-4244.1-4, sketch (f)].

(-c) A full penetration groove weld in each rein-
forcement plate and a fillet, single bevel, or single J‐
weld with a weld dimension tw not less than 0.7tmin in
the shell plate [Figure NCD-4244.1-4, sketch (e)].

These welds shall be capable of being examined in accor-
dance with the requirements of NCD-5241.

( 2 ) The m in imum d imens i on s o f F i gu r e
NCD-4244.1-4 shall be met, where

c = 1/2tmin
t = nominal thickness of part penetrated

t1 or t2 = not less than the lesser of 1/4 in. (6 mm) or
0.7tmin

t1 + t2 = 11/4tmin
tc = 0.7tn or 1/4 in. (6 mm), whichever is less
te = thickness of reinforcement element

tmin = the lesserof 3/4 in. (19mm)or the thicknessof
the thinner of the parts joined

tn = nominal thickness of penetrating part
tw = 0.7tn, except tw = 0.7tmin for sketch (e)

(e) Attachment of Fittings With Internal Threads.
(Written for fittings with internal threads but also appli-
cable to externally threaded and socket-welded or butt-
welded fittings.) The attachment of internally threaded
fittings shall meet the requirements of (1) through (3)
below.

(1) Except as provided for in (2) and (3) below, the
provisions of NCD-4244.1(e) for Class 2 vessels or
NCD-4244.2(e) for Class 3 vessels shall be met. The
minimum weld dimensions shall be as shown in Figure
NCD-4244.1-5 where

tmin = lesser of 3/4 in. (19 mm) or the thickness of the
parts joined

tc = 1/4 in. (6 mm), minimum

(2) Fittings shown in Figure NCD-4244.1-5 sketches
(a‐2), (b‐2), (c‐2), and (d) not exceeding NPS 3 may be
attachedbywelds that are exempt fromsize requirements
other than those specified in NCD-3359.

(3) See below.
(-a) When internally threaded fittings and bolting

pads not exceeding NPS 3 (DN 80) are attached to vessels
having awall thickness not greater than 3/8 in. (10mm)by
a fillet weld deposited from the outside only, the welds
sha l l comp ly wi th the d imens ions shown in
Figure NCD-4244.1-6. These openings do not require re-
inforcement other than that inherent in the construction
as permitted in NCD-3332.1.

(-b) If the opening exceeds 53/8 in. (135 mm) in
any direction or is greater than one‐half the vessel
diameter, the part of the vessel affected shall be subjected
to a proof test as required in NCD-6900 or the opening
shall be reinforced in accordance with NCD-3332 with
the nozzle or other connections attached, using a suitable
detail in Figure NCD-4244.1-5.
(f) For Class 3 Only—Attachment of Tubed Connections.

Nozzles or tubes recessed into thick walled vessels or
headers, welded from only one side, shall have a
welding groove in the vessel wall not deeper than tn

ASME BPVC.III.1.NCD-2023

109

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.1.

NCD (A
SME BPVC Sec

tio
n I

II D
ivis

ion
 1 

Sub
se

cti
on

 N
CD) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NCD (ASME BPVC Section III Division 1 Subsection NCD) 2023.pdf


on the longitudinal axis of the opening. A recess 1/16 in.
(1.5 mm) deep shall be provided at the bottom of the
groove in which to center the nozzle. The dimension tw
of the attachment weld shall not be less than tn nor
less than 1/4 in. (6 mm). The minimum dimension for
tc shall be 1/4 in. (6 mm) [Figure NCD-4244.2-1, sketches
(a) and (b)].
(g) For Class 3 Only — Nozzles With Integral Reinfor-

cing. Nozzles and other connections having integral rein-
forcement in the form of extended nozzles or saddle type
pads shall have the throat dimension of the outerweld not
less than 1/2tmin [FigureNCD-4244.2-2]. Thedimension tw
of the inner weld shall be not less than 0.7tmin, where

c = 1/2tmin
t = nominal thickness of shell
tc = 0.7tn or 1/4 in. (6 mm), whichever is less
te = thickness of reinforcement element

tmin = lesser of 3/4 in. (19 mm) or the thickness of the
thinner of the parts joined

tn = nominal thickness of neck
tw = 0.7tmin
(h) For Class 3 Only. For vessels constructed of SB-443,

SB-444, and SB-446, all weld joints of Category D shall be
Type 1 or Type 2when theDesign Temperature is 1,000°F
(540°C) or higher.

NCD-3354 Structural Attachment Welds

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

NCD-3355 Welding Grooves

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

NCD-3356 FilletWelds, LapJoints, andPlugWelds
NCD-3356.1 Fillet Welds.

(a) Fillet welds may be used as strength welds within
the l imitat ions given in NCD-3352 and Figure
NCD-4427-1. Particular care shall be taken in the
layout of joints in which fillet welds are to be used in
order to ensure complete fusion at the root of the fillet.
(b) Corner or tee joints may be made with fillet welds

provided theplates areproperly supported independently
of such welds, except that independent supports are not
required for joints used for lugs or clips.
(c) The allowable load on fillet welds shall equal the

product of the weld area based on minimum leg dimen-
sions, the allowable stress value in tension of the material
being welded, and a joint efficiency of 0.55.

NCD-3356.2 For Class 3 Only — Lap Joints. For lap
joints, the surface overlap shall be not less than four
times the thickness of the inner plate except as otherwise
provided for heads in NCD-3358 and for tanks in
NCD-4246.

NCD-3356.3 For Class 3 Only — Plug Welds.

(a) Plugs welds may be used in lap joints, in reinforce-
ments around openings, and in structural attachments.
Plug welds shall be properly spaced to carry no more
than 30% of the total load to be transmitted.
(b) Plug weld holes shall have a diameter not less than

t + 1/4 in. (6 mm) and not more than 2t + 1/4 in. (6 mm),
where t is the thickness in inches of the plate or attached
part in which the hole is made.
(c) Plugweld holes shall be completely filledwithweld

metal when the thickness of the plate or attached part in
which the weld is made is 5/16 in. (8 mm) or less; for
thicker plates or attached parts, the holes shall be
filled to a depth of at least half the plate thickness or
5/16 of the hole diameter, whichever is larger, but in
no case less than 5/16 in. (8 mm).
(d) The allowable load on a plugweld in either shear or

tension shall be computed by the following equation:

(U.S. Customary Units)

=P S d0.63 ( 1 4)2

(SI Units)

=P S d0.63 ( 6)2

where

d = the bottomdiameter of the hole inwhich theweld is
made, in. (mm)

P = total allowable load on the plug weld
S = maximum allowable stress (Section II, Part D,

Subpart 1, Tables 1A and 1B)

NCD-3357 Welded Joints Subject to Bending
Stresses

Except where specific details are permitted in other
paragraphs, fillet welds shall be added where necessary
to reduce stress concentration. The requirements of
NCD-3356.1(b) apply. For Class 3 vessels, corner joints
with fillet welds only shall not be used unless the
plates forming the corner are properly supported inde-
pendently of such welds [NCD-3356.1(b)].
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NCD-3358 Design Requirements for Head
Attachments

NCD-3358.1 Skirt Length of Formed Heads.

(a) Ellipsoidal and other types of formed heads,
concave or convex to the pressure, shall have a skirt
l e n g t h no t l e s s t h an t h a t s h own i n F i g u r e
NCD-3358.1(a)-1. Heads that are fitted inside or over a
shell shall have a driving fit before welding.
(b) A tapered transition having a length not less than

three times the offset between the adjacent surfaces of
abutting sections as shown in Figure NCD-3358.1(a)-1
shall be provided at joints between formed heads and
shells that differ in thickness by more than one‐fourth
the thickness of the thinner section or by more than
1/8 in. (3mm), whichever is less. When a taper is required
onany formedhead thicker than the shell and intended for
butt-welded attachment [Figure NCD-3358.1(a)-1], the
skirt shall be long enough so that the required length
of taper does not extend beyond the tangent line.

NCD-3358.2 Unstayed Flat Heads Welded to Shells.
The requirements for the attachment of unstayed flat
heads welded to shells are given in NCD-3325,
NCD-3358.3, and NCD-3358.4.

NCD-3358.3 Head Attachments Using Corner Joints.
When shells, heads, or other pressure parts are welded
to a forged or rolled plate to form a corner joint, as in
Figure NCD-4243.1-1, the joint shall meet the require-
ments of (a) through (h) below.
(a) On the cross section through the welded joint, the

line of fusion between the weld metal and the forged or
rolled plate being attached shall be projected on planes
both parallel to and perpendicular to the surface of the
platebeingattached, inorder todetermine thedimensions
a and b, respectively.
(b) For flange rings of bolted flanged connections and

for flat heads and unsupported tube sheets with a projec-
tion having holes for a bolted connection, the sumof a and
b shall be not less than three times the nominal wall thick-
ness of the abutting pressure part.
(c) For supported tube sheets with a projection having

holes for a bolted connection, the sum of a and b shall not
be less than two times the nominal wall thickness of the
abutting pressure part. A supported tubesheet is defined
as one in which not less than 80% of the pressure load on
the tubesheet is carried by tubes, stays, or braces.
(d) For other components, the sum of a and b shall be

not less than two times the nominal wall thickness of the
abutting pressure part. Examples of such components are
flat heads and supported and unsupported tubesheets
without a projection having holes for a bolted connection
and the side plates of a rectangular vessel.
(e) For Class 2 vessels, other dimensions of the joint

shal l be in accordance with deta i l s shown in
Figures NCD-4243.1-1 and NCD-4243.1-2 where:

(1) Figure NCD-4243.1-1
Sketches (a), (b), and (c)
(-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 thickness of welded parts
tc = 0.7tn or 1∕4 in. (6 mm), whichever is less
tw = the lesser of tn/2 or t/4

(-b) for all other material forms and for forged
tubesheets, 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 = the lesser of tn or t/2

Sketch (d)
t, tn = nominal thickness of welded parts, in., either leg of

fillet weld = 0.25tn but not less than 1∕4 in.
(6 mm)

Sketches (e) and (f)
t, tn = nominal thickness of welded parts
tc = 0.7tn or 1∕4 in. (6 mm), whichever is less

(2) Figure NCD-4243.1-2

Sketch (a)
a + b not less than 2ts
tw not less than ts
ts = actual thickness of shell
tp not less than ts

Sketch (b)
a + b not less than 2ts
ts = actual thickness of shell

Sketch (c)
ts = actual thickness of shell
tr = required thickness of shell

for supported tubesheets:
c not less than 0.7ts or 1.4tr, whichever is less
a + b not less than 2ts

for flange rings, flat heads, and unsupported
tubesheets:
c not less than ts or 2tr, whichever is less
a + b not less than 3ts

Sketch (d)
ts = actual thickness of shell
tr = required thickness of shell
a + b not less than 3ts
c not less than ts

(f) For Class 2 vessels, in Figure NCD-4243.1-1
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Figure NCD-3358.1(a)-1
Heads Attached to Shells
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(a) [Notes (1), (2), and (3)] (b) [Notes (1), (2), and (3)]

(c) [Notes (1), (3), (4), and (5)] (d) [Notes (1), (3), (4), and (5)]
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NOTES:
(1) Length of required taper ℓ may include the width of the weld.
(2) In all cases, the projected length of taper ℓ shall be not less than 3y.
(3) The shell plate center line may be on either side of the head plate center line.
(4) In all cases,ℓ shall benot less than3 times ywhen tnexceeds1.25ts;minimum lengthof skirt is 3th, but neednot exceed11/2 in. (38mm)except

when necessary to provide required length of taper.
(5) When th is equal to or less than 1.25ts, length of skirt shall be sufficient for any required taper.
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t, tn = nominal thicknesses
tc = 0.7tn or 1∕4 in. (6 mm), whichever is less
tw = the lesser of tn or t/2

(g) For Class 3 vessels, other dimensions of the joint
shall be in accordance with details as shown in
Figure NCD-4243.2-1 where

sketch (a)
a + b not less than 2ts, (b = 0)
tw not less than ts
ts = actual thickness of shell

sketch (b)
a + b not less than 2ts
tw not less than ts
tp not less than ts
ts = actual thickness of shell

sketch (c)
a + b not less than 2ts
a not less than ts
tp not less than ts
ts = actual thickness of shell

sketch (d)
a + b not less than 2ts
a not less than ts
tp not less than ts
ts = actual thickness of shell

sketch (e)
a + b not less than 2ts, (b = 0)
ts = actual thickness of shell

sketch (f)
a + b not less than 2ts
ts = actual thickness of shell

sketch (g)
a + b not less than 2ts
a1 not less than 0.5a2 nor greater than 2a2
a1 + a2 = a
ts = actual thickness of shell

sketches (h) through (j)
tr = required thickness of shell
c = 0.7ts
tw = 2tr but not less than 1.25ts
tw need not be greater than t
ts = actual thickness of shell

sketches (k) through (o)
For supported tubesheets:
a + b not less than 2ts
c not less than 0.7ts or 1.4tr, whichever is less
a1 not less than 0.5a2
ts = actual thickness of shell

For flange rings, flat heads, and unsupported
tubesheets:

a + b not less than 3ts
c not less than ts or 2tr, whichever is less
a1 not less than 0.5a2
ts = actual thickness of shell

sketch (p)
a not less than 3tn, (b = 0)
c not less than tn or tD, whichever is less (tn and tD
aredefined inSection IIIAppendices,Mandatory
Appendix XI, XI-3130)

sketch (q)
a + b not less than 3tn
c not less than tn or tD, whichever is less (tn and tD
aredefined inSection IIIAppendices,Mandatory
Appendix XI, XI-3130)

(h) Joint details that have adimension through the joint
less than the thickness of the shell, head, or other pressure
part, or that provide eccentric attachment, are not permis-
sible [Figure NCD-4243.2-1 sketches (r), (s), and (t)].

NCD-3358.4 Flat Heads and Tubesheets With Hubs.
Hubs for butt welding to the adjacent shell, head, or
other pressure part, as in Figure NCD-4243.3-1, shall
not be machined from rolled plate. The component
having the hub shall be forged in such a manner as to
provide in the hub the full minimum tensile strength
and elongation specified for the material, in a direction
parallel to the axis of the vessel. Proof of this shall be furn-
ished by a tension test specimen (subsize if necessary)
taken in this direction and as close to the hub as is prac-
tical.
In Figure NCD-4243.3-1, the minimum dimensions are

as follows:

sketch (a)
r not less than 1.5ts

sketch (b)
r not less than 1.5ts
e not less than ts

sketch (c)
h not less than 1.5ts

sketch (d)
tf not less than 2ts
r not less than 3tf

sketch (e)
tf not less than 2ts
r not less than 3tf
e not less than tf
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NCD-3358.5 For Class 3 Only.

NCD-3358.5.1 Heads Concave to Pressure. Heads
concave to pressuremay be attached to shells using a butt
weld with one plate offset as shown in Figure
NCD-4245.2-1 sketch (k). The offset shall be smooth
and symmetrical, and shall not be machined or otherwise
reduced in thickness. There shall be a uniform force fit
with the mating section at the root of the weld.

NCD-3358.5.2 Intermediate Heads.

(a) Intermediate heads of the type shown in
FigureNCD-4245.2-1 sketch (f),without limit to thickness,
may be used for all types of vessels provided that the
outside diameter of the head skirt is a close fit inside
the overlapping ends of the adjacent length of cylinder.
(b) The butt weld and fillet weld shall be designed to

take shear based on 1.5 times the maximum differential
pressure that can exist. The allowable stress value for the
butt weld shall be 70% of the stress value for the vessel
material, and theallowable value for the filletweld shall be
55%of the stress value for the vesselmaterial. The area of
the fillet weld is the minimum leg dimension times the
length of the weld. The area of the butt weld in shear
is the smaller of the width at the root of the weld or
the thickness of the vessel shell to which it is attached
times the length of the weld.
(c) This constructionmay also be used for end closures

when the thickness of the shell section of the vessel does
not exceed 5/8 in. (16 mm).

NCD-3359 Design Requirements for Nozzle
Attachment Welds

In addition to the requirements of NCD-3352.4, the
minimum design requirements for nozzle attachment
welds are given in (a) and (b) below.
(a) Required Weld Strength. Sufficient welding shall be

providedoneither sideof the line through thecenterof the
opening parallel to the longitudinal axis of the shell to
develop the strength of the reinforcing parts as required
inNCD-3336, through shear or tension in theweld, which-
ever is applicable. The strength of groove welds shall be
based on the area subjected to shear or to tension. The
strengthof filletwelds shall bebasedon thearea subjected
to shear, computed on the minimum leg dimension. The
inside diameter of a fillet weld shall be used in figuring its
length. Calculations are not required when full penetra-
tion welds are used.
(b) Allowable Stress Values for Welds. The allowable

stress values for groove and fillet welds and for shear
in nozzles, in percentage of stress values for the vessel
material, are as follows:

(1) Nozzle wall shear, 70%
(2) Groove weld tension, 74%
(3) Groove weld shear, 60%
(4) Fillet weld shear, 49%

NCD-3360 SPECIAL VESSEL REQUIREMENTS

NCD-3361 Tapered Transitions, Threaded
Connections, and Staggered Welds

NCD-3361.1 Tapered Transitions. A tapered transition
having a length not less than three times the offset
between the adjacent surfaces of abutting sections
(Figure NCD-3361.1-1) shall be provided at joints
between sections that differ in thickness by more than
one‐fourth of the thickness of the thinner section or by
more than 1/8 in. (3mm), whichever is less. The transition
may be formed by any process that will provide a uniform
taper. The weld may be in the tapered section or adjacent
to it. This paragraph also applieswhen there is a reduction
in thickness within a spherical shell or cylindrical shell
course and to a taper at a Category A joint within a
formed head. Provisions for tapers at circumferential
butt-welded joints connecting formed heads to main
shells are contained in NCD-3358.1(b).

NCD-3361.2 Threaded Connections.

NCD-3361.2.1 For Class 2 Only. Threaded connec-
tions for Class 2 vessels shall be in accordance with
NCD-3266.

NCD-3361.2.2 For Class 3 Only.

(a) Pipes, tubes, and other threaded connections that
conform to ANSI/ASME B1.20.1, Pipe Threads, General
Purpose, may be screwed into a threaded hole in a
vessel wall provided the pipe engages the minimum
number of threads specified in Table NCD-3361.2.2-1
after allowance has been made for curvature of the
vessel wall. A built‐up pad or a properly attached plate
or fitting may be used to provide the metal thickness
a n d n umb e r o f t h r e a d s r e q u i r e d i n T a b l e
NCD-3361.2.2-1, or to furnish reinforcement when
required.
(b) Threaded connections larger than NPS 3 (DN 80)

shall not be used when the maximum allowable pressure
exceeds 125 psi (860 kPa), except that this NPS 3 (DN 80)
restrictiondoes not apply to plug closures used for inspec-
tion openings, end closures, or similar purposes.

NCD-3361.3 For Class 3 Only — Staggered Welds.
Except when radiographed 4 in. (100 mm) each side of
each welded intersection, vessels made up of two or
more courses shall have the centers of the welded longi-
tudinal joints of adjacent courses staggered or separated
by a distance of at least five times the thickness of the
thicker plate.

NCD-3362 Bolted Flange and Studded
Connections

(a) It is recommended that the dimensional require-
ments of bolted flange connections to external piping
conform to ASME Standard B16.5, Pipe Flanges and
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Flanged Fittings; ANSI B16.24, Cast Copper Alloy Pipe
Flanges and Flanged Fittings; or to ASME B16.47,
Large Diameter Steel Flanges. Such flanges and flanged
fittings may be used for the pressure–temperature
ratings given in the appropriate standard. Flanges and
flanged fittings toother standardsareacceptableprovided
they have been designed in accordance with the rules of
Section III Appendices, Mandatory Appendix XI for the
vessel design loadings and are used within the pres-
sure–temperature ratings so determined.
(b) Where tapped holes are provided for studs, the

threads shall be full and clean and shall engage the
stud for a length not less than the larger of ds or

×d0.75

maximum allowable stress value of
stud material at Design Temperature

maximum allowable stress value of
tapped material at Design Temperature

s

in which ds is the diameter of the stud. The thread engage-
ment need not exceed 11/2ds.

NCD-3363 Access or Inspection Openings

All dimensions given are nominal.

NCD-3363.1 General Requirements.

(a) All vessels for use with compressed air, except as
otherwise permitted, and those subject to internal corro-
sionorhavingparts subject to erosionormechanical abra-
sion (NCD-3121), shall beprovidedwith suitablemanhole,
handhole, or other inspection openings for examination
and cleaning.
(b) Vessels over 12 in. (300mm) inside diameter under

air pressure which also contain other substances that will
prevent corrosion need not have openings for inspection
only, providing the vessel contains suitable openings
through which inspection can be made conveniently
and providing such openings are equivalent in size and
number to the requirements for inspection openings in
NCD-3363.3.
(c) Compressed air is not intended to include air which

has had moisture removed to the degree that it has an
atmospheric dew point of −50°F (−45°C) or less. The

Figure NCD-3361.1-1
Butt Welding of Plates of Unequal Thicknesses

GENERAL NOTES:
(a) In all cases ℓ shall be not less than 3y.
(b) ℓ ≥ 3y, where ℓ is required length of taper and y is the offset between the adjacent surfaces of abutting sections.
(c) Length of required taper ℓ may include the width of the weld.

Table NCD-3361.2.2-1
Minimum Number of Pipe Threads for Connections

Size of Pipe Connections,
in. (DN)

Threads
Engaged

Min. Plate
Thickness

Required, in. (mm)
1/2, 3/4 (15, 20) 6 0.43 (11)
1, 11/4, 11/2 (25, 32, 40) 7 0.61 (16)
2 (50) 8 0.70 (18)
21/2, 3 (65, 80) 8 1.0 (25)
4–6 (100–150) 10 1.25 (32)
8 (200) 12 1.5 (38)
10 (250) 13 1.62 (41)
12 (300) 14 1.75 (45)
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Certificate Holder’s Data Report shall include a statement
for “noncorrosive service” when inspection openings are
not provided.
(d) When provided with telltale holes complying with

the provisions of (e) below, inspection openings as
required in NCD-3363 may be omitted in vessels
subject only to corrosion. This provision does not
apply to vessels for compressed air.
(e) Telltale holesmay be used to provide some positive

indication when the thickness has been reduced to a
dangerous degree. When telltale holes are provided
they shall be at least 3/16 in. (5 mm) in diameter and
have a depth not less than 80% of the thickness required
fora seamless shell of likedimensions.Theseholes shall be
provided in the surface opposite to that where deteriora-
tion is expected.

NCD-3363.2 Requirements for Vessels 12 in. (300mm)
Inside Diameter and Smaller. For vessels 12 in. (300mm)
or less inside diameter, openings for inspection only may
beomitted if there are at least two removablepipe connec-
tions not less than NPS 3/4 (DN 20).

NCD-3363.3 Requirements for Vessels Over 12 in. (300
mm), but Not Over 16 in. (400 mm) Inside Diameter.
Vessels over 12 in. (300 mm), but not over 16 in. (400
mm) inside diameter, that are to be installed so that
they may be disconnected from an assembly to permit
inspection,neednotbeprovidedwithopenings for inspec-
tion only, if there are at least two removable pipe connec-
tions not less than NPS 11/2 (DN 40).

NCD-3363.4 EquipmentofVesselsRequiringAccessor
Inspection Openings. Vessels that require access or
inspection openings shall be equipped as required in
(a) through (f) below.
(a) All vessels less than 18 in. (450mm) and over 12 in.

(300 mm) inside diameter shall have at least two hand-
holes or two plugged, threaded inspection openings of not
less than NPS 11/2 (DN 40).
(b) All vessels 18 in. to 36 in. (450 mm to 900 mm),

inclusive, inside diameter shall have a manhole or at
least two handholes or two threaded pipe plug inspection
openings of not less than NPS 2 (DN 50).
(c) All vessels over 36 in. (900 mm) inside diameter

shall have a manhole, except that those whose shape
or use makes one impracticable shall have at least two
handholes 4 in. × 6 in. (100 mm × 150 mm) or two
equal openings of equivalent areas.
(d) When handholes or pipe plug openings are

permitted for inspection openings in place of a
manhole, one handhole or one pipe plug opening shall
be in each head or in the shell near each head.
(e) Openings with removable heads or cover plates

intended for other purposes may be used in place of
the required inspection openings provided they are
equal at least to the size of the required inspection open-
ings.

(f) Asingle openingwith removable heador coverplate
maybe used in place of all the smaller inspection openings
provided it is of such size and location as to afford at least
an equal view of the interior.

NCD-3363.5 Size and Type of Access and Inspection
Openings. When inspection or access openings are
required, they shall comply at least with the requirements
of (a) and (b) below.
(a) An elliptical or obround manhole shall be not less

than 11 in. × 15 in. (275 mm × 375 mm) or 10 in. × 16 in.
(250 mm × 400 mm). A circular manhole shall be not less
than 15 in. (375 mm) inside diameter.
(b) Ahandholeopening shall benot less than2 in. ×3 in.

(50 mm × 75 mm), but should be as large as is consistent
with the size of the vessel and the location of the opening.

NCD-3363.6 Design of Access and Inspection Open-
ings in Shells and Heads. All access and inspection open-
ings in a shell or unstayed head shall be designed in
accordance with the rules for openings.

NCD-3363.7 Minimum Gasket Bearing Width for
Manhole Cover Plates. Manholes of the type in which
the internal pressure forces the cover plate against a
flat gasket shall have a minimum gasket bearing width
of 11/16 in. (17 mm).

NCD-3363.8 Threaded Openings. When a threaded
opening is to be used for inspection or cleaning purposes,
the closingplugor capshall beof amaterial suitable for the
pressure and no material shall be used at a temperature
exceeding the maximum temperature allowed for that
material. The thread shall be a standard taper pipe
thread, except that a straight thread of equal strength
may be used if other sealing means to prevent leakage
are provided.

NCD-3364 Attachments

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

NCD-3365 Supports

All vessels shall be so supported and the supporting
members shall be arranged or attached to the vessel
wall in such a way as to withstand the maximum
imposed loadings (NCD-3111 and Subsection NF).

NCD-3366 Bellows Expansion Joints

Expansion joints of the bellows type may be used to
provide flexibility for vessels. Expansion joints in
piping portions of vessels shall meet the requirements
of NCD-3649. The design, material, fabrication, examina-
tion, and testing of expansion jointswhich are constructed
as a part or appurtenance of a vessel shall conform with
the requirements of (a) through (i) below.
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(a) Bellows may be used to absorb axial movement,
lateral deflection, angular rotation, or any combination
of these movements. They are not normally designed
for absorbing torsion. The layout, anchorage, guiding,
and support shall be such as to avoid the imposition of
motions or forces on the bellows other than those for
which they have been designed.
(b) In all systems containing bellows, the hydrostatic

end force caused by either or both pressure or the bellows
spring force shall be resisted by rigid anchors, cross
connections of the expansion joint ends, or other means.
(c) The expansion joint shall be installed in such loca-

tions as to be accessible for scheduled inspection, where
applicable.
(d) The joints shall be provided with bars or other

suitable members for maintaining the proper face‐to‐
face dimension during shipment and installation.
Bellows shall not be extended or compressed to make
up deficiencies in length or offset to accommodate
connecting parts that are not properly aligned unless
such movements have been specified by the system
designer or can be justified by the expansion joint manu-
facturer.
(e) The expansion joints shall be marked to show the

direction of flow, if applicable, and shall be installed in
accordance with this marking.
(f) Internal sleeves shall be provided for expansion

jointsover6 in. (150mm) indiameterwhen flowvelocities
exceed the following values:

(1) air, steam, and other gases—25 ft/sec (7.6m/s);
(2) water and other liquids — 10 ft/sec (3.0 m/s).

(g) Pressure-retaining material in the expansion joint
shall comply with the requirements of Article NCD-2000.
(h) All welded joints shall comply with the require-

ments of NCD-4400.
(i) Design of bellows‐type expansion joints shall

comply with the requirements of NCD-3649.4.

NCD-3400 PUMP DESIGN

NCD-3410 GENERAL REQUIREMENTS FOR
CENTRIFUGAL PUMPS

NCD-3411 Scope

NCD-3411.1 Applicability. The rules of NCD-3400
apply to (a) through (j) below:
(a) pump casings
(b) pump inlets and outlets
(c) pump covers
(d) clamping rings
(e) seal housings, seal glands, and packing 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) external and internal integral attachments to the

pressure-retaining boundary
Hydrostatic test of seal glands and packing glands is not

required.

NCD-3411.2 Exemptions. The rules of NCD-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

NCD-3412 Acceptability

The requirements for the design of pumps are given in
(a) and (b) below.
(a) The design shall be such that the requirements of

NCD-3100 are satisfied.
(b) The rules of this subarticle are met.

NCD-3413 Design Specification

Design and Service Loadings (NCA‐2142) shall be stipu-
lated in the Design Specification [NCA-3211.19(b)]. Loads
from thermal expansion, deadweight, and applicable
seismic forces from the connected piping shall be included
in the Design Specification.

NCD-3414 Design and Service Loadings

The general design considerations, including defini-
t ions , o f NCD-3100 plus the requirements of
NCD-3320, NCD-3330, NCD-3361, and NCD-3362 are ap-
plicable to pumps. The pump shall conform to the require-
ments of NCD-3400. The stress limits listed in NCD-3416
shall be used for the specified Design and Service Load-
ings. Classical bending and direct stress equations, where
free bodydiagrams determine a simple stress distribution
that is in equilibriumwith the applied loads, or any design
equations, which have been demonstrated to be satisfac-
tory, may be used.

NCD-3415 Loads From Connected Piping

Loads imposedonpump inlets andoutlets by connected
piping shall be considered in the pump casing design.

NCD-3416 Stress and Pressure Limits for Design
and Service Loadings

Stress limits formaximumnormal stress for Design and
Service Loadings are specified in Table NCD-3416-1. The
symbols used in TableNCD-3416-1 are defined as follows:
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S = allowable stress value, given in Section II, Part D,
Subpart 1, Tables 1A and 1B. The allowable stress
shall correspond to the highestmetal temperature
of the section under consideration during the
condition under consideration.

σb = bending stress. This stress is equal to the linear
varying portion of the stress across the solid
section under consideration. It excludes disconti-
nuities and concentrations and is produced only
by pressure and other mechanical loads.

σL = local membrane stress. This stress is the same as
σm except that it includes the effect of discontinu-
ities.

σm = general membrane stress. This stress is equal to
the average stress across the solid section under
consideration. It excludes discontinuities and
concentrations and is produced only by pressure
and other mechanical loads.

NCD-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.

NCD-3418 Corrosion

The requirements of NCD-3121 apply.

NCD-3419 Cladding

Claddingdesigndimensionsused in thedesignofpumps
shall be as required in NCD-3122.

NCD-3420 DEFINITIONS

NCD-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.

NCD-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.

NCD-3423 Single and Double Volute Casings

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

NCD-3424 Seal Housing

A seal housing is defined as that portion of the pump
coveror casingassembly that contains the seal and formsa
part of the primary pressure boundary.

NCD-3425 Typical Examples of Pump Types

Figures NCD-3441.1-1 through NCD-3441.11-1 are
intended to be typical examples to aid in the determina-
tion of a pump type and are not considered as limiting.

Table NCD-3416-1
Stress and Pressure Limits for Design and Service

Loadings

Service Limit Stress Limits [Note (1)] Pmax [Note (2)]
Level A σm ≤ S 1.0

(σm or σL) + σb ≤ 1.5S

Level B σm ≤ 1.1S 1.1
(σm or σL) + σb ≤ 1.65S

Level C σm ≤ 1.5S 1.2
(σm or σL) + σb ≤ 1.8S

Level D σm ≤ 2.0S 1.5
(σm or σL) + σb ≤ 2.4S

NOTES:
(1) These requirements for acceptability of pump design are not

intended to ensure the operability of the pump.
(2) The maximum pressure shall not exceed the tabulated factors

listed under Pmax times the Design Pressure.

Figure NCD-3423-1
Typical Single Volute Casing
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NCD-3430 DESIGN REQUIREMENTS FOR
CENTRIFUGAL PUMPS

NCD-3431 Design of Welded Construction

(a) Thedesign ofwelded construction shall be in accor-
dance with NCD-3350.
(b) Part ia l penetrat ion welds , as shown in

Figure NCD-4244.1-5 sketch (c‐3) and Figure
NCD-4266(d)-1 sketches (a) and (b), are allowed for
nozzles such as vent and drain connections and openings
for instrumentation. Nozzles shall not exceed NPS 2
(DN 50). For such nozzles, all reinforcement shall be inte-
gral with the portion of the shell penetrated. Partial pene-
tration welds shall be of sufficient size to develop the full
strength of the nozzles.

NCD-3432 Flanged Connections
NCD-3432.1 Pressure Design.

(a) Pumps with flanged connections that are cast inte-
grally with the casing and meet all dimensional require-
ments (including tolerances) of flanged fittings (as shown
in Table NCA‐7100‐1) with regard to the flange dimen-
sions and required wall thicknesses, shall be considered
to meet the pressure design requirements of this subar-
ticle andare suitable forusewithin thepressure–tempera-
ture range shown in Section III Appendices, Mandatory
Appendix I for the material utilized.
(b) Flanged connections not meeting the requirements

of (a) shall be designed in accordance with Section III
Appendices, Mandatory Appendix XI, Article XI-3000 or
Section III Appendices, Nonmandatory Appendix L,
Article L-3000.
(c) Pump flanges meeting all requirements of Table

NCA‐7100‐1 and welded onto the integral inlets and
outlets of the casing, shall be considered as meeting

the pressure design requirements of this subarticle,
provided that the inlet and outlet wall thicknesses
comply with the standard flanged fitting. However, the
nozzle‐to‐flange welds shall meet the requirements of
NCD-1130.

NCD-3432.2 External Loads. When external nozzle
loads interact with pumps, it is very likely that operability
will dictate themaximumallowable loads.Themajorareas
of concernaredistortionof the casing andmisalignmentof
driver and driven equipment. The casing shall be capable
of withstanding the external loading plus the design pres-
sure, provided in the Design Specification, without distor-
tion that would impair the operation of the pump. In
addition, the pump supports shall be capable of accom-
odating the external loads without sustaining any signifi-
cant displacements that would cause unacceptable
misalignment of rotating parts.
(a) Flanged connections meeting the requirements of

NCD-3432.1 do not require futher analysis when all re-
quirements of NCD-3658.2 or NCD-3658.3 are met. All
other flanged connections shall all meet the requirements
of (b) below.
(b) Flanged connections shallmeet the requirementsof

NCD-3658.1.

NCD-3433 Reinforcement of Pump Casing Inlets
and Outlets

NCD-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 NCD-3330.
(b) To avoid stress concentrations, the outside radius

r2 of FiguresNCD-3441.1(a)-1 andNCD-3441.3-2 shall not
be less than one‐half the thickness of the inlets and outlets
as reinforced.

NCD-3433.2 Radially Oriented Inlets and Outlets. Re-
inforcement of radially oriented inlets and outlets is
required. The applicable portions of NCD-3330 shall
apply.

NCD-3433.3 Tangential Inlets and Outlets. Except as
modified in NCD-3433.4, any designmethod that has been
demonstrated to be satisfactory for the specified Design
Loadings may be used.

NCD-3433.4 Minimum Tangential Inlet and Outlet
Wall Thicknesses. In Figure NCD-3433.4-1 the value of
l, in. (mm), shall be determined from the relationship

=l r t0.5 m m

where

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

Figure NCD-3423-2
Typical Double Volute Casing
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tm = mean inlet or outlet wall thickness, in. (mm), taken
between section x–x and a parallel section y–y
tangent to crotch radius

The wall thicknesses of the inlet and outlet shall not be
less than the minimum wall thickness of the casing for a
distance l as shown in Figure NCD-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 NCD-4250-1.

NCD-3434 Bolting

NCD-3434.1 Radially Split Configurations. Bolting in
axisymmetric arrangements involving the pressure
boundary shall be designed in accordance with the proce-
dure described in Section III Appendices, Mandatory
Appendix XI.

NCD-3434.2 Axially Split Configurations. Bolting in
axially split configurations shall bedesigned inaccordance
with the procedure given in NCD-3441.7 for Type G
pumps.

NCD-3435 Piping

NCD-3435.1 Piping Under External Pressure. Piping
located within the pressure-retaining boundary of the
pump shall be designed in accordance with NCD-3640.

NCD-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
NCD-3640.

NCD-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. The
effects of stress concentrations shall be considered.
(b) Attachments shall meet the requirements of

NCD-3135.

NCD-3437 Pump Covers

Pump covers shall be designed in accordance with
NCD-3325 or NCD-3326. Covers for which specific
design rules are not given in NCD-3325 or NCD-3326
shall be designed by any method shown by analysis or
experience to be satisfactory.

NCD-3438 Supports

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

NCD-3440 DESIGN OF SPECIFIC PUMP TYPES

NCD-3441 Standard Pump Types

NCD-3441.1 Design of Type A Pumps. Type A pumps
are those having single volutes and radially split casings
with a single suction as i l lustrated in Figures
NCD-3441.1-1 and NCD-3441.1-2. Pumps with nozzle
sizes NPS 4 (DN 100) discharge and smaller shall be
constructed in accordance with (a) through (e). Larger
pumps are permitted as stipulated in (f).
(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, which is determined
as follows:

=t PA S( )

or 0.25 in. (6 mm), whichever is greater, where

A = scroll dimension, in. (mm), insidecasingas shownin
FigureNCD-3441.1(a)-1. If the value of dimensionA
exceeds 20 in. (500 mm), the equation shall not be
used and (f) below applies.

P = Design Pressure, psig (MPa gage)
S = allowable stress, including casting factor, psi (MPa)

(NCD-2571 and Section II, Part D, Subpart 1, Tables
1A and 1B)

t = minimum allowable wall thickness, in. (mm)

(b) Cutwater Tip. The cutwater tip radius shall not be
less than 0.05t.

Figure NCD-3433.4-1
Minimum Tangential Inlet and Outlet Wall Thickness
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(c) Cutwater Fillets. All cutwater fillets, including the
tips, where they meet the casing wall, shall have a
minimum radius of 0.1t or 0.25 in. (6 mm), whichever
is greater.
(d) CrotchRadius [FigureNCD-3441.1(a)-1 ]. The crotch

radius shall not be less than 0.3t.
(e) Bottom of Casing. That section of the pump casing

within the diameter defined by dimension A in
Figure NCD-3441.1(a)-1 on the inlet side of the casing,
normally referred to as the bottom of the casing, shall
have a wall thickness the greater of t from (a) or tb.

(1) For Class 2 pumps, the value of tb shall be deter-
mined by the methods of NCD-3300 or Section III Appen-
dices, Nonmandatory Appendix A, using the appropriate
equations for the casing shape, or by the methods
permitted in Section III Appendices, Mandatory Appendix
XIII.

(2) For Class 3 pumps, the value of tb shall be deter-
mined by the methods of NCD-3300 or Section III Appen-
dices, Nonmandatory Appendix A, using the appropriate
equations for the casing shape.
(f) Pumps with an “A” dimension greater than 20 in.

(500mm)ornozzles larger thanNPS4 (DN100)discharge
are permitted.

(1) Class 2pumpsof this larger size shall bedesigned
in accordance with Section III Appendices, Mandatory
Appendix II or Mandatory Appendix XIII. If the design
is qualified by analysis, the analysis shall be certified
in accordance with NCA-3211.40(b).

(2) Class 3pumpsof this larger size shall bedesigned
in accordance with Section III Appendices, Mandatory
Appendix II, or NCD-3414. If the design is qualified by
analysis, the analysis shall be certified in accordance
with NCA-3211.40(b).

NCD-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 FigureNCD-3441.2-1.
Any design method that has been demonstrated to be
satisfactory for the specified design conditions may be
used.

NCD-3441.3 Design of Type C Pumps. Type C pumps
are those having double volutes and radially split casings
with a single suction as i l lustrated in Figures
NCD-3441.3-1 and NCD-3441.3-2. The splitter is consid-
ered a structural part of the casing. Casing design shall be
in accordancewith the requirements of this subarticle and
with those given in (a) through (e) 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 PA S(0.5 )

where

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

P = Design Pressure, psig (MPa gage)
S = allowable stress, including casting factor, psi (MPa)

(NCD-2571 and Section II, Part D, Subpart 1, Tables
1A and 1B)

t = minimum allowable wall thickness, in. (mm)

(b) Splitter Wall Thickness
(1) The splitter,which is considered a structural part

of the casing, shall have a minimumwall thickness of 0.7t
as determined above for the casing wall and shall extend
from point B in Figure NCD-3441.3-2 sketch (a) 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 0.1t or 0.25 in. (6 mm), whichever is greater.
(c) Crotch Radius (Figure NCD-3441.3-2). The crotch

radius shall not be less than 0.3t.
(d) Bottom of Casing. That section of the pump casing

within the diameter defined by dimension A in
Figure NCD-3441.3-2 on the inlet side of the casing,
normally referred to as the bottom of the casing, shall
haveawall thicknessno less than thevalueof tdetermined
in (a) above.
(e) Alternative Rules for Casing Wall Thickness and

Splitter Wall Thickness. As an alternative to (a) and (b)
above, it is permissible to use a smaller casing wall thick-
ness and a larger splitter wall thickness when require-
ments of (1) through (3) below are met.

(1) The casing wall thickness, as determined by (a)
above, shall be maintained at a minimum t between the
tangent point of the crotch radius to a point D radially
opposite the splitter tip [Figure NCD-3441.3-2 sketch
(b)]. The casing wall shall be decreased uniformly to
point E from which point a minimum thickness of 0.7t
shall be continued around the casing wall to a point on
the discharge nozzle a distance l from the crotch,
where l is defined in Figure NCD-3433.4-1.

(2) The splitter wall thickness shall be as defined in
(b) above, except that the splitter shall have a minimum
thickness t instead of 0.7t.

(3) The requirements of (b)(2) and (b)(3) above
shall apply.

NCD-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 NCD-3441.4(a)-1. Their design shall be in accor-
dance with the applicable requirements of NCD-3400.
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( b ) The r e qu i r emen t s o f NCD - 3441 . 3 ( a ) ,
NCD-3441.3(b), and NCD-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.

NCD-3441.5 Design of Type E Pumps. Type E pumps
are those having volute‐type radially split casings and
multivane diffusers which form a structural part of the
casing as illustrated in Figure NCD-3441.5-1. The
design shall be in accordance with the applicable require-
ments of NCD-3400.

NCD-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 NCD-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 outlet may be either tangent to
the side or normal to the center line of the casing. Varia-
tions of these inlet and outlet locations are permitted.
(b) The design of Type F pumps shall be in accordance

with the applicable requirements of NCD-3400.

NCD-3441.7 Design of Type G Pumps.

(a) Type G pumps are those having axially split, single-
or double-volute casings [Figures NCD-3441.7(a)-1 and
NCD-3441.7(a)-2].
(b) Manufacturers proposing this design should thor-

oughly review nondestructive examination requirements
for compatibility.
(c) An acceptable method for calculating the stress in

themost highly stressed section of the pump case, such as
the section with the greatest span, is given in (1) and (2)
below. This method is not acceptable for those designs in

Figure NCD-3441.1-1
Type A Pump

Figure NCD-3441.1-2
Type A Pump
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Figure NCD-3441.1(a)-1
Type A Pump

A

t min.

Cutwater tip radius
 0.05t min.

Bottom of casing
 t min.

t min.

t min.

t min.

Outlet

Inlet

lSee NCD-3433.4

Crotch radius
 0.3t min.

r2
r2

Figure NCD-3441.2-1
Type B Pump
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which more than one bolt falls within a given section
[Figure NCD-3441.7(c)-1 Section B–B]. It is recognized
that other acceptable procedures may exist that also
constitute adequate design methods, and it is not the
intention to rule out these alternative methods, provided
they can be shown to have been satisfactory by actual
service experience.

(1) The following assumptions are made:
(-a) assign one bolt to Section X; assign one‐half

bolt to Section Y , and one‐half bolt to Section Z
(Section Z is identical to Section Y);

(-b) the flange and bolts act together in bending;
(-c) the maximum moment occurs at the bolt;
(-d) the total moment is distributed between the

flange and case in proportion to their moments of inertia.
(2) Typical sect ions are shown in Figures

NCD-3441.7(c)(2)-1 , NCD-3441.7(c)(2)-2 , and
NCD-3441.7(c)(2)-3. The procedure for the calculation
is given in (-a) through (-o) below.

(-a) Establish the Design Pressure P, psi (MPa).
Establish dimensions A, B, C, F, R, tc, tf, w, and b from
Figures NCD-3441.7(c)(2)-1, NCD-3441.7(c)(2)-2, and
NCD-3441.7(c)(2)-3 and determine the following:

Ab = bolt root area, in.2 (mm2)
AG = effective gasket area, in.2 (mm2)
D = diameter of bolt hole, in. (mm)
d = bolt root diameter, in. (mm)

DTF = Design Temperature, °F (°C)

E = modulus of elasticity of bolt at service tempera-
ture, psi (MPa)

e = unit thermal elongation of bolt, in./in. (mm/mm)
G = B + 0.5tc, in. (mm)
m = gasket factor (Section III Appendices, Mandatory

Appendix XI, Table XI-3221.1-1)
R = C − (B + tc), in. (mm)
Sb = allowable stress, bolt, psi (MPa)
Sc = allowable stress, case, psi (MPa)
W = load used in calculating preliminary bolt stress,

lb (N)
x = WX, WY, WZ
w = section width, in. (mm)
y = gasket design seating stress, psi (MPa) (Section

III Appendices, Mandatory Appendix XI, Table
XI-3221.1-1)

(-b) Determine the effective gasket area AG, in.2
(mm2), for Sections X and Y:

= ×
Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑ
A A F w

D
K( )

4G
2

For the factor K, use 0.20 if case face is crowned for
greatest contact pressure at inner edge and use 0.50 for
flat surfaces.

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

Cutwater tip radius
 0.05t min.

Cutwater tip radius
 0.05t min.

Crotch radius
 0.3t min.

Point C

r2

r2

Inlet

135 deg
 min.

Point B

Outlet

Splitter tip
 radius Splitter

(a) Standard

Bottom of
   casing t min.

t min. t min.

t min.

d

A

Cutwater tip radius
 0.05t min.

Uniform transition t  to 0.7t
 wall thickness (min.)

0.7t min. wall
 thickness for
 this distance

t  min.

Cutwater tip radius
 0.05t min.

Crotch radius
 0.3t min.

Point C

Point B

Point E

Point D

r2

r2

Inlet

135 deg
 min.

Outlet

Splitter tip
 radius

See NCD-3433.4

Splitter

(b) Alternate

0.7t min.
0.7t min.

Bottom of 
 casing t min.

I

t min.

d
A

t min.

0.7t min.

See NCD-3433.4 I
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Figure NCD-3441.4(a)-1
Type D Pump

Figure NCD-3441.5-1
Type E Pump

Figure NCD-3441.6(a)-1
Type F Pump

Figure NCD-3441.7(a)-1
Axially Split Casing, Volute Pump, Type G
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Figure NCD-3441.7(a)-2
Axially Split Casing, Volute Pump, Type G

Figure NCD-3441.7(c)-1
Axially Split Casing, Volute Pump, Type G

Section B–B Typical Highly Stressed Sections of Pump Case

wy

Y X
Sections

Section B–B

D C

One-stage center distance

Two-stage center distance

Shaft centerline
D C

Z

wx wz
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Figure NCD-3441.7(c)(2)-1
Typical Section of Type G Pumps

F

b

B R

C

A

G

Flange
 boundary

P
u

m
p

 s
h

af
t

B
o

lt

C L C L

HD

HG

hG

tc

tf

tf

tc

hT

HTMC

Section C–C

MC

hD

Figure NCD-3441.7(c)(2)-2
Typical Section of Type G Pumps
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(-c) Determine bolt load, lb (N), and preliminary
bolt stress σPRE, psi (MPa):

= × ×H G w P

= × ×H A m Pp G

= +W H Hm p1

=W A y0.5m G2

=W W Wgreator of orm m1 2

= W AbPRE

(-d) Determine the total load Ho, lb (N):
= × ×H B w PD

=H HG p

=H H HT D

= + +H H H Ho D G T

(-e) Determine the lever arms hD, hG, and hT, in.
(mm):

= +h R t0.5D c

=h hG D

= + +h R t h0.5( )T c G

(-f) Determine the totalmomentMo, in.-lb (N·mm):
=M H hD D D

=M H hG G G

=M H hT T T

= + +M M M Mo D G T

(-g) Determine themoments of inertia, in.4 (mm4),
IF (flange) IB (bolt), IC (case), and IT (total):

=
Ä
Ç
ÅÅÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑÑÑ

Ä
Ç
ÅÅÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑÑÑ( ) ( )I w t D t12 12F f f

3 3

=I d0.049B
4

=I w t( ) 12C c
3

= + +I I I IT F B C

(-h) Determine the moments, in.-lb (N·mm)
carried MF (flange), MB (bolt), and MC (case):

=M M I IF o F T

=M M I IB o B T

=M M I IC o C T

(-i) Determine the resultant bolt load FR, lb (N):

= [ + + +
+ + ]

F H b h H b h
H b h M M b

( ) ( )
( )

R D D G G

T T C B
or

= + [ ]F H M M M b( )R o o C B

(-j) Determine the resultant bolt stresses, psi
(MPa)

= F AR bLoad

= eETemp

= +Tensile Load Temp

= M d I2B BBending

(-k) Determine the shear and bending flange
stresses s , psi (MPa), and b , psi (MPa), respectively

Figure NCD-3441.7(c)(2)-3
Typical Loads on Type G Pumps
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= H wts o f

= M t I2b F f F

(-l) Determine the tensile and bending case
stresses t , psi (MPa), and b , psi (MPa), respectively

= H wtt D c

= M t I2b C C C

(-m) Use the following method for combining
stress in combined sections:

=
=
=
=

F X
F Y
S X
S Y

load on Section , lb (N)
load on Section , etc., lb (N)
stress on Section , psi (MPa)
stress on Section , etc., psi (MPa)

X
Y
X
Y

The combined stress SCOMB is as follows:
= + [ + ]S F F F S F S( ) ( ) ( ) , etc.X Y X X Y YCOMB

(-n) Determine the maximum stresses using (-1)
through (-4) below.

(-1) To determine the preliminary bolt stress,
establish the load W and the stress σPRE for Section X
and for Section (Y + Z)

=
+

+

+
+

+

W W

W WPRE
( )

COMB ( )

( )

X Y Z

X

X

Y Z

Y ZPRE PRE

The allowable limit for this stress is Sb.
(-2) To determine the resultant bolt stress,

establish the load FR and the stresses σt and σb for
Section X and for Section (Y + Z)

=
+

+

+

+

+

F F
b F F

t t

COMB
( )

( )

( )

RX R Y Z

RX

X

R Y Z

Y Z

The allowable limit for σtCOMB is 2Sb.

=
+

+

+

+

+

F F
b F F

b b

COMB
( )

( )

( )

RX R Y Z

RX

X

R Y Z

Y Z

The allowable limit for σtCOMB + σbCOMB is 3Sb.
(-3) To determine the flange stresses, establish

the load Ho, the shear stress σ′s, and the bending stress b
for Section X and for Section (Y + Z)

=
+

+

+

+

+

s
H HoX o

HoX
sX

Ho

s

( )

( )

( )

COMB
Y Z

Y Z

Y Z

=
+

+

+

+

+

b
H Ho o

Ho

b

Ho

b

( )

( )

( )

COMB

X Y Z

X

X

Y Z

Y Z

= +
Ä
Ç
ÅÅÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑÑÑ( ) ( )2s s b

2 2
max COMB COMB

1 2

= + ( )2n s bmax max COMB
where nmax is themaximumnormal stress. Theallowable
limit for smax is Sc and the allowable limit for nmax is
1.5Sc.

(-4) To determine the case stresses, establish
the load HD, the tensile stress t , and the bending
stress b for Section X and for Section (Y + Z)

=
+

+

+

+

+

t
H HDX D

HDX
tX

HD

t

COMB
( )

( )

( )

Y Z

Y Z

Y Z

=
+

+

+

+

+

b
H HDX D

HDX
bX

HD

b

COMB
( )

( )

( )

Y Z

Y Z

Y Z

The allowable limit for tCOMB is Sc. The total
stress is +t bCOMB COMB. The allowable limit for
total stress is 1.5Sc.

(-o) The above procedure will generally show
some bolt stresses in excess of the indicated allowable
values. Under these circumstances it is permissible to
average bolt stresses between adjacent bolts. Such aver-
aged stresses shall not exceed the specified allowables.

NCD-3441.8 Design of Type H Pumps. Type H pumps
are those having axially split, barrel‐type casings
(Figures NCD-3441.8-1 and NCD-3441.8-2) and radially
split covers. The axially split casing shall be designed
in accordance with the rules of NCD-3441.7 for Type G
pumps. The radially split cover shall be designed in accor-
dance with the rules of NCD-3437.

NCD-3441.9 Design of Type K Pumps. Type K pumps
are vertical pumps of one ormore stages having a radially
split casing, as illustrated in Figures NCD-3441.9-1 and
NCD-3441.9-2. The basic configuration is a casing
consisting of a barrel and a head joined by bolted
flanges. There is an inner assembly consisting of internal
chambersof thehead, oneormorebowls, columnsections,
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andasuctionbell, all joinedbybolted flangesandarranged
so that the external surfaces of theseparts are subjected to
inlet pressure. These pumps may be furnished with or
without column(s) and with or without lateral restraints
between the inner assembly and outer casing.
(a) Casing. The flanged joints, barrel, and head of the

casing shall be designed in accordance with the require-
ments of NCD-3400 and those given in (1) through (3).

(1) Flanged Joints. Flanged joints may be analyzed
and the stresses evaluated by using methods given in
Section III Appendices, Mandatory Appendix XI if of
the “RF” type, and in accordance with Section III Appen-
dices, Nonmandatory Appendix L if of the “FF” type, as
modified by (-a) through (-d) below or by (-e) below.

(-a) The Design Pressure to be used for the calcu-
lation ofH in Section III Appendices, Mandatory Appendix
XI or Section III Appendices, Nonmandatory Appendix L
shall be replaced by the flange design pressure

= +P P PFD eq (1)

where

P = design or Service Condition Pressure as defined in
NCA‐2140, psi (MPa)

Peq = equivalent pressure to account for the axial force
andmoments applied to the flange joint, psi (MPa)

The equivalent pressure, Peq, shall be determined
from the seismic and external loads acting on the flanged
joint using the equation

= +P
KM

G
F

Geq
4f

3 2
(2)

where

F = the axial load at the flange, lbf (N)
G = thediameter at the location of the gasket load reac-

tion, in. (mm)
K = If the loads include dynamic loads the value of this

coefficient shall be8. If the loadsare static thevalue
shall be 16.

Mf = the resultant bending moment on the flange as
taken from paragraph NCD-3658, in.‐lbf (N·mm)

( -b) Sect ion I I I Appendices , Mandatory
AppendixXI, XI-3223, eqs. (3) and (4) or Section IIIAppen-
dices, Nonmandatory Appendix L, L‐3221 shall be used to
establish minimum bolt area required using allowable
stress values given in Section II, Part D, Subpart 1,
Table 3.

(-c) Equation (6) in Section III Appendices, Man-
datory Appendix XI, XI-3240 for longitudinal hub stress
shall be revised to include primary axial membrane stress
as follows:

= +SH
fM

Lg B
PB

g4
o

o1
2

(3)

where P is the Design or Service Pressure as defined in
NCA‐2140, psi (MPa). Other terms are defined in Section
III Appendices, Mandatory Appendix XI, XI-3130.

(-d) The allowable stress limits SH, SR, and ST shall
not be greater than 1.5S.

(-e) If the flanged joint conforms to oneof the stan-
dards listed in Table NCA‐7100‐1 and if each PFD as calcu-
lated by (-a), eq. (1) is less than the rated pressure at the
Design or Service Temperature utilized, the requirements
of this subparagraph are satisfied.

Figure NCD-3441.8-1
Longitudinal Section Through Type H Pump

Figure NCD-3441.8-2
Transverse Section Through Type H Pump
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Figure NCD-3441.9-1
Type K Pump
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Figure NCD-3441.9-2
Type K Pump

Head

Internal chamber
 of head

Lateral restraint
 (optional)

Lateral restraint
 (optional)

Outlet

Bowl

Inlet

Column

Bowl

Suction bell
AA

Barrel
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(2) Barrel. The Design Pressure for the barrel shall
be the pump inlet pressure or as otherwise stated in the
Design Specification (NCA-3211.19), but in no case shall it
be less than the maximum pressure at the pump inlet
under any Service Condition. The static pressure head
shall be considered in the selection of theDesign Pressure.

The inlet nozzle loads shall include the Design Pres-
sure and piping moments. The equivalent pressure shall
be determined using (1)(-a), eq. (1), with F = 0 in
(1)(-a), eq. (2), as applied to the inlet geometry.

The barrel shall be designed in accordance with the
requirements of NCD-3320 for pressure vessels.

(3) Head
(-a) The externalwalls of the head,which form the

pressure boundary, shall be designed for the pressures
specified in (-b) and (-c) below. The Design Pressure
for the internal chambers shall be as specified under
the inner assembly rules.

(-b) The Design Pressure for the portions of the
head that form the pressure boundary between the
outlet pressure and the atmosphere shall be the outlet
pressure or as otherwise stated in the Design Specifica-
tion, but in no case shall it be less than themaximumpres-
sure at the pump outlet under any Service Condition.

The minimum thickness of the head waterway
required for Design Pressure and for temperatures not
exceeding those for various materials in Section II,
Part D, Subpart 1, Tables 1A and 1B shall be not less
than that determined by the equation

= +
+

t Am
P D

SE Py2( )
o (4)

where

A = corrosion or erosion allowance as specified by the
Design Specification, in. (mm). If both surfaces are
wetted, the corrosionallowancemustbe applied to
both surfaces.

Do = the outside diameter of the head waterway, in.
(mm)

d = inside diameter of the head waterway, in. (mm)
E = the joint efficiency for the type of longitudinal joint

used, as given in NCD-3350 or casting quality
factor as given in the notes to Section II, Part D,
Subpart 1, Tables 1A and 1B.

S = the allowable stress for the material at the design
temperature (Section II, Part D, Subpart 1, Tables
1A and 1B), psi (MPa)

tm = minimum required wall thickness of the head
waterway in its finished form, in. (mm)

y = 0.4 for Do/tm greater or equal to 6.0

x = +
d

d D
D tfor less than 6.0

o
o m

Theabove headwaterwayminimumthickness is in
its finished form. If curvedsegmentsofpipeareusedas the
waterway, theminimumwall thickness afterbending shall
be not less than the required value.

Thedischarge nozzle loads shall include theDesign
Pressure and piping moments. The equivalent pressure
shall be determined using (1)(-a), eq. (1), with F = 0 in
(1)(-a), eq. (2), as applied to the head geometry.

(-c) The Design Pressure for the portions of the
head that form the pressure‐containing boundary
between the inlet pressure and the atmosphere shall
be the inlet pressure or as otherwise stated in the
Design Specification, but in no case shall it be less than
the maximum pressure at the pump inlet under any
Service Condition.

This portion of the head shall be designed in accor-
dance with NCD-3320 for pressure vessels.
(b) Inner Assembly. The inner assembly consists of

those elements of the pump subjected to differential pres-
sure within the pump and those that do not form part of
the pressure boundary to the atmosphere. This assembly
comprises the internal chambers of the head, the bowls
and columns, and the upper flange of the suction bell.
Because of the installation and operation, pumped

fluids within the inner assembly may transfer through
the flanged connections back to the inlet fluid source.
This fluid transfer does not effect the integrity of the
overall pressure boundary but may result in a higher
Design Pressure for the barrel and portions of the
head and shall be considered in the determination of
the barrel Design Pressure.
The inner assembly of Type K pumps shall be designed

in accordance with the requirements of NCD-3400 and
with those given in (1) through (5) below. Alternatively,
the configuration may be designed in accordance with
Section III Appendices, Mandatory Appendix II, Design
byExperimental StressAnalysis, orSection IIIAppendices,
Mandatory Appendix XIII, Design Based on Stress
Analysis.

(1) Columns. The Design Pressure for columns, Pc psi
(MPa), shall include the pipingmoments and axial loads. It
shall be not less than the maximum differential pressure
that canbedevelopedacross thewall of that columnunder
any Service Condition. The weight of the pump bowls and
impeller thrust shall be taken into consideration. Pc shall
be determined using (a)(1)(-a), eqs. (1) and (2) but with
“G” equal to the average column shell diameter.

The minimum thickness of the column shall be not
less than that determined by the equation

= +
+

t Am
P D

SE Py2( )
c o (5)

where the termsare asdefined in (a)(3)(-b), but asapplied
to the column geometry and material.
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(2) Column Flanges. Flanged joints in the column
shall be designed in accordance with (a)(1) except that
the design pressure shall be Pc. The equivalent pressure
shall be determined using (a)(1)(-a), eq. (1) as applied to
the column geometry and shall be not less than the
maximum differential pressure that can be developed
across the wall of that column under any Service Condi-
tion. Unpacked flange joints are permitted.

(3) Bowls. The Design Pressure for the bowl(s), Pb,
shall include thepipingmoments. Theequivalentpressure
shall be determined using (a)(1)(-a), eq. (1), with F = 0 in
(a)(1)(-a), eq. (2), as applied to the bowl geometry and
shall be determined as themaximumdifferential pressure
to which the bowl may be subjected under any Service
Condition.

The design of the bowls shall be completed in accor-
dance with (-a) through (-c) below for unribbed bowl
geometries. For thosebowl geometrieswhichuse external
ribs to increase bowl and flange stiffness the design shall
be completed using methods which have been proven in
actual service. Unless special provisions are made to
ensure that interchangeability between bowls is
prevented all bowls shall be designed to the same require-
ments.

(-a) Bowl Minimum Thickness. The minimum
thickness of the bowl shell, remote from discontinuities,
shall be not less than that determined by

= +
+

t Am
P D

SE P y2( )
b o

b
(6)

where the terms are as defined in (a)(3)(-b) but as applied
to the bowl geometry and material and

Do = the largest outside diameter of the bowl, taken at
the suction end of the individual bowl assembly,
(Figure NCD-3441.10-2), in. (mm)

The above minimum bowl thickness is applicable
only to a location within the bowl which is remote from
discontinuities and may have to be increased in order to
satisfy the local evaluations of (-b) and (-c) below.

(-b) Vane/Shell Interaction. Consideration shall be
given to the restraining effect of the diffuser vanes on the
radial expansion of the shell due to internal pressure. An
acceptable method of accounting for this effect is
presented below

=
+

FD
P A2 (2 ) b D

lD tD
tv

tD AD
nv tD

2

16 ( )3

( )3

(7)

where

AD = themeandiameterof thevanedportionof thebowl
as defined in Figure NCD-3441.10-2, in. (mm)

FD = vane load/unit length, lbf/in. (N/m)

lD = the radial mean vane length as defined in
Figure NCD-3441.10-2, in. (mm)

nv = the number of vanes in the bowl waterway
Pb = the maximum internal bowl differential pressure,

psi (MPa)
tD = the shell thickness at the vane‐shell intersection as

defined in Figure NCD-3441.10-2, in. (mm)
tv = the mean vane thickness, in. (mm)
μ = Poisson’s ratio

The local shell bending stress, σB, shall be less than
1.5SE. Its value is determined by the equation

=B
F A

n t

3 D D

v D
2 (8)

The vanemembrane stress, σv, shall be less than SE
as determined by the equation

=v
F
t
D

v
(9)

(-c) Bowl Flanges. The flange joint between the in-
dividual bowl discharge flange and the next stage bowl
inlet flange is usually such that the outlet flange rotational
restraint is insufficient to restrict outlet flange rotation.
Therefore, theprying actionbetween flat faced flanges can
be ignored and the outlet flange shall be analyzed in accor-
dance with Section III Appendices, Mandatory Appendix
XI. Thismay not be true for ribbed flanges or the last stage
bowl that attaches to the column assembly. If any of these
joints have sufficient rigidity to support the prying action
it shall be analyzed as a Section III Appendices, Nonman-
datory Appendix L flange. The analysis shall be in accor-
dance with (a)(1) using (a)(1)(-a), eq. (1), with F = 0 in
(a)(1)(-a), eq. (2). The definition of the outlet flange
geometry for the analys is is shown in Figure
NCD-3441.10-2.

The minimum radial distance between the bolt
circle and the outside of the bowl or the inside rabbet
fit shall be equal to or greater than one bolt diameter.

(4) Suction Bell. The Design Pressure for the suction
bell, Psb, shall be determined as the sum of the maximum
differential pressure developed at the first stage of the
pump under any service condition plus an equivalent
pressure to account for moments on the suction bell.
The equivalent pressure shall be calculated using
(a)(1)(-a), eq. (1), with F = 0 in (a)(1)(-a), eq. (2). The
suction bell pressure, Psb, is applied only to the suction
bell flange. Below the suction bell flange (the section
above l ine A–A in Figures NCD-3441 .9-1 and
NCD-3441.9-2), the remaining portions of the bell are
not considered subject to a differential pressure.

(5) Materials and Design. Each bowl and suction bell
shall be manufactured of material meeting the rules of
NCD-2190 and designed using the casting quality
factor as given in the notes to Section II, Part D,
Subpart 1, Tables 1A and 1B.
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NCD-3441.10 For Class 3 Only — Design of Type L
Pumps. Type L pumps are vertical pumps of one or
more stages, having a radially split casing as illustrated
inFigureNCD-3441.10-1. Thebasic configuration consists
of a head with an attached support plate, one or more
bowls and column sections, and a suction bell, all
joined by flanges. These pumps may be furnished with
or without columns. External restraint may be provided
at various locations to restrain vibratory motions and
resist external loads.
The configuration is such that the external surfaces of

those parts above the support plate are subjected to atmo-
spheric pressure. The parts below the support plate may
be subjected to atmospheric pressure, or atmospheric
pressure plus submerged head pressures. Because of
the installation and operation, pumped fluids within
the bowl and column assemblies may transfer through
the flanged connections back to the fluid source. This
fluid transfer does not affect the integrity of the
overall pressure boundary.
Type L pumps shall be designed in accordance with the

requirements of NCD-3400 and with those given in (a)
through (e) below. Alternatively, the configuration may
be designed in accordance with Section III Appendices,
Mandatory Appendix II, Design by Experimental Stress
Analysis, or Section III Appendices, Mandatory Appendix
XIII, Design Based on Stress Analysis.
(a) Flanged Joints. Except for flanged joints conforming

to (5) below, flanged joints may be analyzed and the
stresses evaluated by using methods given in Section
III Appendices, Mandatory Appendix XI if of the “RF”
type and in accordance with Section III Appendices, Non-
mandatory Appendix L if of the “FF” type, as modified by
(1) through (4) below.

(1) TheDesignPressure tobeused for thecalculation
of H in Section III Appendices, Mandatory Appendix XI or
Section IIIAppendices,NonmandatoryAppendixLshall be
replaced by the flange design pressure

= +P P PFD eq (1)

where

P = Designor ServiceConditionPressure asdefined in
NCA‐2140, psi (MPa)

Peq = equivalent pressure to account for the moments
applied to the flange joint, psi (MPa)

The equivalent pressure Peq, shall be determined
from the seismic and external loads acting on the
flanged joint using the equation

= +P
KM

G
F

Geq
4f

3 2
(2)

where

F = the axial load at the flange, lb (N)

G = the diameter at the location of the gasket load reac-
tion, in. (mm)

K = If the loads include dynamic loads the value of this
coefficient shall be8. If the loadsarestatic thevalue
shall be 16.

Mf = the resultant bending moment on the flange as
taken from NCD-3658, in.‐lbf (N·mm)

(2) Section III Appendices, Mandatory Appendix XI,
XI-3223, eqs. (3) and (4) or Section III Appendices, Non-
mandatoryAppendixL shall beused toestablishminimum
bolt area required using allowable stress values given in
Section II, Part D, Subpart 1, Tables 1A and 1B.

(3) Section III Appendices, Mandatory Appendix XI,
XI-3240, eq. (6) for longitudinal hub stress shall be revised
to include primary axial membrane stress as follows:

= +SH
fM

Lg B
PB

g4
o

o1
2

(3)

where P is the Design or Service Pressure as defined in
NCA‐2140, [psi (MPa)]. Other terms are defined in Section
III Appendices, Mandatory Appendix XI, XI‐3130.

(4) The allowable stress limits SH, SR, and ST shall not
be greater than 1.5S.

(5) If the flanged joint conforms to one of the stan-
dards listed in Table NCA‐7100‐1 and if each PFD as calcu-
lated by NCD-3441.9(a)(1)(-a), eq. (1) is less than the
rated pressure at the Design or Service Temperature
utilized, the requirements of this subparagraph are satis-
fied.
(b) Head Waterway. The Design Pressure for portions

of the head which form the pressure boundary between
the outlet pressure and the atmosphere shall be the outlet
pressure or as otherwise stated in the Design Specifica-
tion. In no case shall it be less than themaximumpressure
at the pump outlet under any Service Condition. The
minimum thickness of the head waterway required for
Design Pressure and for temperatures not exceeding
those for various materials in Section II, Part D,
Subpart 1, Tables 1A and 1B shall be not less than that
determined by the equation

= +
+

t Am
PD

SE Py2( )
o (4)

where

A = corrosion or erosion allowance as specified by the
Design Specification, in (mm). If both surfaces are
wetted, the corrosionallowancemustbe applied to
both surfaces.

Do = the outside diameter of the head waterway, in.
(mm)

d = inside diameter of the head waterway, in. (mm)
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Figure NCD-3441.10-1
Type L Pump

Column

Sole plate

Outlet

Head

Seal housing
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Bowl

Lateral restraint
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Upper flange

Suction bell

Inlet
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E = the joint efficiency for the type of longitudinal joint
used, as given in NCD-3350 or casting quality
factor as given in the notes to Section II, Part D,
Subpart 1, Tables 1A and 1B

S = the allowable stress for the material at the design
temperature (Section II, Part D, Subpart 1, Tables
1A and 1B), psi (MPa)

tm = minimum required wall thickness of the head
waterway in its finished form, in. (mm)

y = 0.4 for Do/tm ≥ 6.0
x =

+
d

d Do
for Do/tm < 6.0

The above head waterway minimum thickness is in its
finished form. If curved segments of pipe are used as the
waterway, theminimumwall thickness afterbending shall
be not less than the required value.
(c) Column. TheDesign Pressure for the columnPc shall

include theeffectsof thepipingmomentsandaxial loads. It
shall be not less than the maximum differential pressure
that canbedevelopedacross thewall of that columnunder
any Service Condition. The weight of the pump bowls and
impeller thrust shall be taken into consideration. Pc shall
be determined using (a)(1), eqs. (1) and (2) but with “G”
equal to the average column shell diameter.

(1) Column Thickness. Theminimum thickness of the
column shall be not less than that determinedby the equa-
tion

= +
+

t Am
P D

SE Py2( )
c o (5)

where the terms are as defined in (b) above, except as
applied to the column geometry and material.

(2) Column Flanges. Flanged joints in the column
shall be designed in accordance with (a) except that
the design pressure shall be Pc. The equivalent pressure
shall be determined using (a)(1), eq. (1) as applied to the
column geometry and shall be not less than the maximum
differential pressure which can be developed across the
wall of that column under any Service Condition.
Unpacked flange joints are permitted.
(d) Bowls. The Design Pressure for the bowl(s) Pb shall

be determined as the maximum differential pressure to
which the bowlmaybe subjected under any service condi-
tion.
The design of the bowls shall be completed in accor-

dance with (1) through (3) below for unribbed bowl
geometries. For those bowl geometries that use external
ribs to increase bowl and flange stiffness, the design shall
be completed using methods that have been proven in
actual service. In both cases, the pump bowl experiencing
the largest load shall be used in the design. Unless special
provisions are made to ensure that interchangeability
between bowls is prevented, all bowls shall be designed
to the same requirements.

(1) Bowl Minimum Thickness. The minimum thick-
ness of the bowl shell, remote from discontinuities,
shall be not less than that determined by

= +
+

t Am
P D

SE Py2( )
b o (6)

where

Do = the largest outside diameter of the bowl, taken at
the suction end of the individual bowl assembly
(Figure NCD-3441.10-2), in. (mm)

The above minimum bowl thickness is applicable
only to a location within the bowl that is remote from
discontinuities and may have to be increased in order
to satisfy the local evaluations of (2) and (3) below.

(2) Vane/Shell Interaction. Consideration shall be
given to the restraining effect of the diffuser vanes on
the radial expansion of the shell due to internal pressure.
An acceptable method of accounting for this effect is
presented below.

=
+

FD
P A2(2 ) b D

lDtD
tv

tD AD
nvtd

2

16 ( )3

( )3

(7)

where

AD = themeandiameterof thevanedportionof thebowl
as defined in Figure NCD-3441.10-2, in. (mm). The
section shall be taken at a portion of the bowl
where the hub can be considered essentially solid.

FD = vane load/unit length, lbf/in. (N·mm)
lD = the radial mean vane length as defined in

Figure NCD-3441.10-2, in. (mm)
nv = the number of vanes in the bowl waterway
Pb = the maximum internal bowl differential pressure,

psi (MPa)
tD = the shell thickness at the vane‐shell intersection as

defined in Figure NCD-3441.10-2, in. (mm)
tv = the mean vane thickness, in. (mm)
μ = Poisson’s ratio

The local shell bending stress σv shall be less than
1.5SE. Its value is determined by the equation

=v
F
t
D

v
(8)

(3) Bowl Flanges. Flanged joints in the bowls shall be
designed in accordance with (a) except that the design
pressure shall be Pb. The equivalent pressure shall be
determined using (a)(1), eq. (1), as applied to the bowl
geometry and shall be not less than the maximum differ-
ential pressure that can be developed across the wall of
that bowl under any Service Condition. Unpacked flange
joints are permitted. The flange joint between the individ-
ual bowl discharge flange and the next stage bowl inlet
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Figure NCD-3441.10-2
Type L Pump Bowl
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flange is usually such that the outlet flange rotational
restraint is insufficient to restrict outlet flange rotation.
Therefore, theprying actionbetween flat faced flanges can
be ignored and the outlet flange shall be analyzed in accor-
dance with Section III Appendices, Mandatory Appendix
XI. Thismay not be true for ribbed flanges or the last stage
bowl that attaches to the column assembly. The definition
of the outlet flange geometry for the analysis is shown in
Figure NCD-3441.10-2.

The minimum radial distance between the bolt circle
and the outside of the bowl or the inside rabbet fit shall be
equal to or greater than one bolt nominal diameter.
(e) SuctionBell. TheDesignPressure for the suctionbell

Psb shall be determined as the sum of the differential pres-
sure developed at the first stage of the pump under any
service condition plus an equivalent pressure to account
for moments on the suction bell. The equivalent pressure
shall be calculated using (a)(1), eq. (1),with F= 0 in (a)(1),
eq. (2), except using the geometry of the suction bell. The
suctionbell pressure,Psb, is applied only to the suctionbell
flange. Below the suctionbell flange (SectionA–Aof Figure
NCD-3441.10-1), the remainingportion of thebell and any
strainer basket that may be attached thereto are not
considered subject to a differential pressure load.

NCD-3441.11 For Class 2 Only — Type N Pumps.

(a) Type N pumps have radially split, multistage barrel
type casings with single nozzles each for suction and
discharge, radially disposed with respect to the shaft
axis [Figure NCD-3441.11-1, sketch (a)].
The design shall be in accordance with the applicable

requirements of NCD-3400.
(b) Minimum transition radii at critical sections of the

barrel shall be limited to 0.2 in.
(c) The circumferential pitch between drilled and

tapped holes shall be a minimum of 2d where d is the
nominal diameter of the bol t or stud [Figure
NCD-3441.11-1, sketch (b)].
(d) The minimum distance, X, between the bottom of

the hole and the nozzle opening shall be greater than or
equal to thegreaterof theminimum,nozzle,wall thickness
or 50% of the hole diameter as shown [Figure
NCD-3441.11-1, sketch (c)].

NCD-3442 Special Pump Types
NCD-3442.1 Design of Type J Pumps (Centrifugal).

(a) Type J pumpsare those that cannot logically be clas-
sified with any of the preceding types of centrifugal
pumps.
(b) It is not planned to establish rules for Type J pumps.

Any design method that has been demonstrated to be
satisfactory for the specified Design Conditions may be
used.

NCD-3442.2 Design of Reciprocating Pumps. See
NCD-3450.

NCD-3450 ð23ÞDESIGN OF RECIPROCATING PUMPS

NCD-3451 Scope

(a) These rules cover the strength and pressure integ-
rity of the structural parts of the liquid end [Figure
NCD-3451(a)-1],whose failurewould violate the pressure
boundary. Such parts include

(1) liquid cylinder and valve chambers
(2) valve covers
(3) liquid cylinder heads
(4) stuffing boxes
(5) packing glands
(6) manifolds
(7) piping and nozzles normally identified with the

pump and furnished by the pump supplier
(8) related bolting
(9) external and internal integral attachments to the

pressure-retaining boundary
(b) These rules do not apply to the plunger or piston,

nonstructural internals, including valves, valve seats,
gaskets, packing, and cylinder mounting bolting. Hydro-
static testing of packing glands is not required.

NCD-3452 Acceptability

The pressure boundary parts shall be capable of with-
standing the specified Design Pressures, and the design
shall be such that the requirements of NCD-3100 are satis-
fied in addition to these rules.

NCD-3453 Material and Stresses

Material and allowable stresses shall conform to the
requirements of Article NCD-2000.

NCD-3454 Design Requirements
NCD-3454.1 Design of Welded Construction.

(a) Design of welded construction shall be in accor-
dance with NCD-3350.
(b) Part ia l penetrat ion welds , as shown in

Figure NCD-4244.1-5 sketch (c‐3) and Figure
NCD-4266(d)-1 sketches (a) and (b), are allowed for
nozzles such as vent and drain connections and openings
for instrumentation. Nozzles shall not exceed NPS 2
(DN 50). For such nozzles, all reinforcement shall be inte-
gral with the portion of the shell penetrated. Partial pene-
tration welds shall be of sufficient size to develop the full
strength of the nozzles.

NCD-3454.2 Piping. Piping located within the pres-
sure-retaining boundary of the pump, and identified
with the pump, shall be designed in accordance with
NCD-3600.

NCD-3454.3 Liquid End. Any design method that has
been demonstrated to be satisfactory for the specified
design may be used.
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Figure NCD-3441.11-1
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Figure NCD-3451(a)-1
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NCD-3454.4 Fatigue. The liquid cylinder and pres-
sure-retaining bolting are exposed to significant fatigue
loadings that shall be considered in the design. Any
designmethod that has been demonstrated to be satisfac-
tory for the specified design may be used.

NCD-3454.5 Earthquake Loadings. The effects of
earthquake shall be considered in the design of pumps.
The stresses resulting from these earthquake effects
shall be includedwith the stresses resulting frompressure
or other applied loads.

NCD-3454.6 Corrosion. In designs where corrosion of
material is a factor, allowances shall be made.

NCD-3454.7 Bolting.Bolting in axisymmetric arrange-
ments involving the pressure boundary shall be designed
in accordance with the procedure described in Section III
Appendices, Mandatory Appendix XI.

NCD-3500 VALVE DESIGN

NCD-3510 GENERAL REQUIREMENTS

NCD-3511 Design Specification

Des ign and Serv ice Condi t ions (NCA‐2142)
shall be stipulated in the Design Specif ication
[ N C A - 3 2 1 1 . 1 9 ( b ) ] . T h e r e q u i r e m e n t s o f
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
NCD-1131, unless the Design Specification extends the
boundary of jurisdiction beyond these minimum limits.
The requirements of NCA-3211.19(c)(1)(-b) for speci-
fying 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 its designee
to provide, or require to be provided, protection against
harmful overpressure in such valves.

NCD-3512 Standard Design Rules

NCD-3512.1 Flanged and Butt Welding End Valves.
The design of valves with flanged and butt welding
ends shall conform to the applicable requirements for
Standard Class category valves of ASME B16.34, except
as provided in (a) and (b) below.
(a) Valves with flanged and butt welding ends may be

designated as Class 75 in sizes larger than NPS 24
(DN 600), provided that the following additional require-
ments are met.

(1) Themaximumratedpressure shall be75psi (520
kPa) for fluid temperatures from−20 °F to350°F (−30°C to
175°C).

(2) The minimum valve body wall thickness, exclu-
sive of corrosion allowance, shall be in accordance with
the following:

= +t t d0.4 0.2 for 50 in. (1,250 mm)m o
or

= + >t d d0.008 0.2 for 50 in. (1,250 mm)m

where

d = inside diameter, in. (mm)
tm = minimum body wall thickness, in. (mm)
to = minimum body wall thickness as tabulated in

ASME B16.34 for Class 150, in. (mm)

(3) Flanges shall be designed in accordance with the
requirements of Section III Appendices, Mandatory
Appendix XI, ANSI/AWWA C207 Class E, or ASME B16.47.

(4) The minimum hydrostatic shell test pressure
shall be 125 psi (860 kPa) and shall be maintained for
a minimum of 10 min.

(5) Theminimumvalve closure test pressure shall be
85psi (590 kPa) and shall bemaintained for aminimumof
10 min.
(b) Valveswith flanged ends in sizes larger thanNPS24

(DN 600) may be used, provided that the following addi-
tional requirements are met.

(1) For ASME B16.47, the Pressure Class shall be
limited to Class 150 and Class 300.

(2) The operating temperatures shall be limited to
the range of −20°F to 650°F (−30°C to 345°C).

(3) Flanges are designed in accordance with the re-
quirements of Section III Appendices, Mandatory Appen-
dix XI or ASME B16.47.

NCD-3512.2 Socket Welding End and Nonwelding End
Valves. The design of valves with socket welding end
connections and nonwelding piping end connections
other than ASME B16.5 flanges shall conform to the ap-
plicable requirements for Standard Class category butt
welding end valves of ASME B16.34, except that the
end connections shall conform to the applicable require-
ments of NCD-3661 or NCD-3671.
Instrument, control, and sampling line valves, NPS 1

(DN 25) and smaller, with welding or nonwelding
piping or tubing end connections other than flanges,
and with body wall thickness not meeting Standard
Class category valves of ASME B16.34, are acceptable,
provided that the following additional requirements of
(a) through (g) are met:
(a) The valve design shall meet one or more of the

following:
(1) the pressure design rules of NCD-3324
(2) an experimental stress analysis (Section III

Appendices, Mandatory Appendix II)
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(3) design based on stress analysis (Section III
Appendices, Mandatory Appendix XIII) and meeting the
limits of Section III Appendices, Mandatory Appendix XIII
(b) Theendconnections shallmeet the requirements of

NCD-3661, NCD-3671.3, or NCD-3671.4 for welded,
threaded, flared, flareless, and compression-type fitting
tube ends.
(c) Valve loadings, including but not limited to opera-

tion, closure, and assembly, shall be accounted for by one
of the following methods:

(1) experimental stress analysis (Section III Appen-
dices, Mandatory Appendix II), or

(2) design based on stress analysis (Section III
Appendices, Mandatory Appendix XIII).
(d) All valves shall meet the requirements of

NCD-3521.
(e) Valve bonnets threaded directly into valve bodies

shall have a lock weld or locking device to ensure that the
assembly does not disengage through either stem opera-
tion or vibration.
(f) The valve’s design shall be qualified and amaximum

pressure–temperature rating shall be determined in
accordance with the requirements of MSS SP-105,
Section 5. A lesser pressure–temperature rating may
be applied to the valve.
(g) Valves shall be hydrostatic tested per the require-

ments of NCD-3531 at pressures appropriate for the
valve’s applied pressure rating.

NCD-3512.3 Wafer or Flangeless Valves.The design of
valves that can be bolted between flanges (i.e., butterfly
valves) shall conform to the applicable requirements of
Standard Class category valves of ASME B16.34 and
the requirements of (a) through (e) below.
(a) The design shall provide for bolt‐up using all of the

bolt holes and the bolt circle of the specified flange.
(b) Bolt holes parallel to the body run may be either

threaded or unthreaded. Threaded holes may be blind
holes suitable for use with bolt studs.
(c) The required minimum valve body wall thickness

shall be measured from the valve inside circumference to
either the valve outside circumference or the circumfer-
ence of a circle inscribed about the inner tangents to the
bolt holes, whichever is smaller.
(d) The inner ligament of either a through hole or a

blind threaded hole in the vicinity of a stem penetration
shall not be less than 25%of the required bodyneck thick-
ness.
(e) The inner ligament for singular holes parallel to the

body run shall not be less than 25% of the required valve
bodywall thickness. Such holes shall not be larger than 3∕8
in. (10 mm) diameter.

NCD-3512.4 Design and Service Loadings. The design
requirements of NCD-3512.1 and NCD-3512.2 include
pressure–temperature ratings for Design Loadings and
Service Loadings for which Level A Limits are designated.

When any Service Loadings are stipulated for which Level
B, Level C, or Level D Limits are designated in the Design
Specification, the requirements of NCD-3520 shall bemet.

NCD-3512.5 Openings for Auxiliary Connections.
Openings for auxiliary connections, such as for drains,
bypasses, and vents, shall meet the requirements of
ASME B16.34 and the applicable requirements of
NCD-3330.

NCD-3513 Alternative Design Rules

For butt welding end valves and for socket welding end
valves whose end connections conform to the require-
ments of NCD-3661, the design requirements for
Special Class category valves of ASME B16.34 may be
used in place of NCD-3512 when permitted by the
Design Specification, provided that the following require-
ments are met.
(a) The nondestructive examination requirements of

ASME B16.34, Special Class, shall be met for all sizes
of butt welding and socket welding end valves in accor-
dancewith theexaminationmethodsandacceptance stan-
dards of NCD-2500.
(b) WhenanyServiceLoadings are stipulated forwhich

Level B, Level C, or Level D Limits are designated in the
Design Specification, the requirements of NCD-3520 shall
be met.
(c) Openings for auxiliary connections, such as for

drains, bypasses, and vents, shall meet the requirements
ofASMEB16.34and theapplicable reinforcement require-
ments of NCD-3330.

NCD-3515 Acceptability of Metal Bellows and
Metal 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.

NCD-3516 Acceptability of Elastomer Diaphragm
Valves

Valves using elastomer diaphragms, wherein the
diaphragm performs the function of a disc or plug,
shall be constructed in accordance with NCD-3500.
This is based on the assumptions that the diaphragms
do not retain pressure, Design Pressure is imposed on
the backup stem seal, and the additional requirements
below.
(a) Design temperature shall not exceed 350°F

(175°C).

ASME BPVC.III.1.NCD-2023

144

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.1.

NCD (A
SME BPVC Sec

tio
n I

II D
ivis

ion
 1 

Sub
se

cti
on

 N
CD) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NCD (ASME BPVC Section III Division 1 Subsection NCD) 2023.pdf


(b) Valve size and Pressure Class shall not exceed
NPS 12 (DN 300) for Class 150 and NPS 4 (DN 100)
for Class 300.
(c) A backup stem seal shall be provided.
(d) Diaphragmsshallmeet the requirementsofMSSSP‐

100.

NCD-3520 SERVICE LOADING LIMITS

NCD-3521 General Requirements

(a) When the piping system in which the valve is
located is designed to the requirements of NCD-3600,
the valve body is considered adequate to withstand
piping end loads, provided that conditions (1) and (2)
below are satisfied. In lieu of (1) and (2) the design proce-
dure of NB‐3545.2 is acceptable.

(1) The section modulus and metal area at a plane
normal to the flow passage through the region at the valve
bodycrotch, that is, in theplaneA–Aof FigureNCD-3521-1
shall be not less than 110% of the section modulus and
metal area of the piping connected to the valve body inlet
and outlet nozzles.

(2) The allowable stress for valve body material is
equal to or greater than the allowable stress of the
connected piping material. If the valve body material
allowable stress is less than that of the connected
piping material, the valve section modulus and metal
area shall be not less than 110% of the section
modulus and metal area of the connected piping multi-
plied by the ratio Spipe/Svalve.
(b) The maximum internal pressure resulting from

Service Loadings for which Level A, Level B, Level C, or
Level D limits are designated shall not exceed the tabu-
lated factors in Table NCD-3521-1 times the Design Pres-
sure or the rated pressure at the applicable service
temperature. If these pressure limits are met, loadings
for the stress limits in Table NCD-3521-1 are considered
to be satisfied. Conversely, if the stress limits in Table
NCD-3521-1 are met, the factored pressure limit, Pmax,
need not be met.
(c) Where valves are provided with operators having

extended structures and these structures are essential to
maintaining pressure integrity, an analysis, when
required by the Design Specification, shall be performed
based on static forces resulting from equivalent earth-
quake accelerations acting at the centers of gravity of
the extended masses. The valve bodies shall conform
to the stress limits listed in NCD-3522. 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.

NCD-3522 Stress and Pressure Limits

Stress andpressure limits for service loadings are speci-
fied in Table NCD-3521-1. The symbols used in Table
NCD-3521-1 are defined as follows:

S = allowable stress value given in Section II, Part D,
Subpart 1, Tables 1A, 1B, and 3, psi (MPa). The
allowable stress shall correspond to the highest
metal temperature at the section under considera-
tion during the loading under consideration.

σb = bending stress, psi (MPa). This stress is equal to
the linear varying portion of the stress across the
solid section under consideration. It excludes
discontinuities and concentrations and is
produced only by pressure and other mechanical
loads.

σL = localmembrane stress, psi (MPa). This stress is the
same as σm except that it includes the effect of
discontinuities.

σm = general membrane stress, psi (MPa). This stress is
equal to the average stress across the solid section
under consideration. It excludes discontinuities
and concentrations and is produced only by pres-
sure and other mechanical loads.

NCD-3530 GENERAL RULES

NCD-3531 Hydrostatic Tests

The following requirements apply to valves designated
to either NCD-3512 or NCD-3513.

NCD-3531.1 Shell Hydrostatic Test. For valves other
than pilot-operated pressure relief valves and power-
actuated pressure relief valves, a shell hydrostatic test
shall be made using either water or air in accordance
with the requirements of ASME B16.34. Stem seal
leakage during this test is permissible. Hydrostatic
tests for metal bellows of 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. End closure seals for retaining fluid at test pressure
in welding end valves may be positioned in the welding
end transitions as defined in ASME B16.34 in reasonable
proximity to the end plane of the valve so as to ensure safe
application of the test pressure.
For pilot-operated pressure relief valves and power-

actuated pressure relief valves, the hydrostatic tests
shall be performed in accordance with NCD-3593.1
and in accordance with the appropriate rules of Article
NCD-6000.

NCD-3531.2 Valve Closure Test. After the shell hydro-
static test, a valve closure test shall be performed in accor-
dance with ASME B16.34, except that all valve sizes shall
be subjected to a test differential pressure across the valve
disk not less than 110% of the 100°F (38°C) pressure
rating. During this test, seat leakage value is defined
by the Design Specification.
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Figure NCD-3521-1
Typical Sections of Valve Bodies
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NCD-3531.3 TimeatPressure.Thedurationof the shell
hydrostatic test shallmeet the requirements ofNCD-6223.
The duration of the valve closure test shall be the greater
of either 1 min/in. (2.5 sec/mm) of minimum wall thick-
ness tm or the testing time requirement of ASME B16.34,
but not less than 1 min.

NCD-3531.4 Exemptions to the Valve Closure Test.

(a) 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) pres-
sure rating, or that have closure members or actuating
devices (direct, mechanical, fluid, or electrical) 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 the N Certificate
Holder’s Data Report Form.
(b) For valves designed for nonisolation service, the

primary function of which is to modulate flow, and
which by their design are prevented from providing
ful l c losure , the valve closure test def ined in
NCD-3531.2 is not required. This exception shall be iden-
tified in the Design Specification and noted on the valve

nameplate and the N Certificate Holder’s Data Report
Form.

NCD-3590 PRESSURE RELIEF VALVE DESIGN

NCD-3591 Acceptability

NCD-3591.1 General Requirements. 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 relief valves are covered by
NCD-3510 through NCD-3522.

NCD-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), spring washers, and set-
pressure adjusting screw. The rules of this subsubarticle
do not apply to guides, control rings, bearings, set screws,
and other non-pressure‐retaining items. Figures
NCD-3591.2-1 and NCD-3591.2-2 are illustrations of
typical direct spring-loaded pressure relief valves.

NCD-3591.3 Definitions. The definitions for pressure
relief valve terms used in this subsubarticle are given
in ASME PTC 25 and also in Article NCD-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
NCD-3591.2-1 and NCD-3591.2-2.

NCD-3591.4 Acceptability of Small Pressure Relief
Valves. Pressure relief valves having inlet piping connec-
tions NPS 2 (DN 50) and under shall comply with the wall
thickness requirements of NCD-3595.1. Other elements of
the valve shall be designed to ensure pressure integrity, in
accordance with appropriate design practices based on
successful experience in comparable service conditions.

NCD-3591.5 Acceptability of Large Pressure Relief
Valves. The design shall be such that the requirements
of this subsubarticle are met.

NCD-3592 Design Considerations

NCD-3592.1 Design Conditions. The general design re-
quirements of NCD-3100 are applicable, with considera-
tion for the design conditions of the primary and
secondary pressure zones. In case of conflict between
NCD-3100 and NCD-3590 the requirements of
NCD-3590 shall apply. Mechanical loads for both the
closed and open (full discharge) positions shall be consid-
ered in conjunction with the service conditions. In addi-
tion, the requirements of Article NCD-7000 shall be met.

Table NCD-3521-1
Service Loading Limits

Service Loading Stress Limits [Notes (1)–(4)]
Pmax

[Note (5)]
Level A σm ≤ S 1.0

(σm or σL) + σb ≤ 1.5S

Level B σm ≤ 1.1S 1.1
(σm or σL) + σb ≤ 1.65S

Level C σm ≤ 1.5S 1.2
(σm or σL) + σb ≤ 1.8S

Level D σm ≤ 2.0S 1.5
(σm or σL) + σb ≤ 2.4S

NOTES:
(1) A casting quality factor of 1 shall be assumed in satisfying these

stress limits.
(2) The above limits are not intended to ensure the functional

adequacy of the valve.
(3) The above limits are not applicable to valve disks, stems, seat

rings, or other parts of the valves that are contained within
the confines of the body and bonnet.

(4) The above limits do not apply to safety relief valves.
(5) The maximum pressure shall not exceed the tabulated factors

listed under Pmax times the Design Pressure or times the
rated pressure at the applicable service temperature.
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NCD-3592.2 Stress Limits for Specified Service Load-
ings.

(a) Level A Service Loadings. Stress limits for Level A
service loadings for the valve shall be as follows.

(1) The general membrane stress shall not exceed S.
(2) The general membrane stress plus bending

stress shall not exceed 1.5S.
(3) Substantiation by analysis of localized stresses

associated with contact loading of bearing or seating
surfaces is not required.

(4) The values of S shall be in accordance with
Section II, Part D, Subpart 1, Tables 1A, 1B, and 3.
(b) Levels B, C, and D Service Loadings. Stress limits for

Levels B, C, and D service loadings are specified in
Table NCD-3592.2(b)-1. The symbols used in Table
NCD-3592.2(b)-1 are defined in NCD-3522.

NCD-3593 Special Rules

NCD-3593.1 Hydrostatic Test. Pressure relief valve
shell hydrostatic tests shall be made in accordance
with NCD-3531.1 and NCD-3531.3 except that the inlet
(primary pressure-containing) portion of the pressure
relief valve shall be shell tested at a pressure at least
equal to 1.5 times the set pressure marked on the
valve. For closed system application, the outlet portion
of the pressure relief valve shall be shell tested to 1.5
times the design secondary pressure (NCD-7111).

NCD-3593.2 Marking. In addition to marking required
byNCA‐8220 andArticleNCD-7000, the secondaryDesign
Pressure shall bemarked on the valve or valve nameplate.

NCD-3594 Service Loading Limits

(a) When the piping system in which the valve is
located is designed to the requirements of NCD-3600,
the valve body may be considered adequate to withstand
piping end loads, provided that conditions (1) and (2)
below are satisfied.

(1) The section modulus and metal area at a plane
normal to the flow passage through the region at the valve
in l e t and out l e t (F i gures NCD-3591 .2 -1 and
NCD-3591.2-2) shall be not less than 110% of the
section modulus and metal area of the piping connected
(or joined) to the valve inlet and outlet.

(2) Theallowable stress for valve bodymaterial shall
be equal to or greater than the allowable stress of the
connected piping material. If the valve body material
allowable stress is less than that of the connected
piping material, the valve section modulus and metal
area shall be not less than 110% of the section
modulus andmetal area of the connecting pipemultiplied
by the ratio Spipe/Svalve.
(b) The pressure-retaining portions of pressure relief

valves shall conform to the stress limits listed in
Table NCD-3592.2(b)-1 for those Service Loadings stipu-
lated as Level B, C, or D.

(c) Pressurerelief valveshaveextendedstructures, and
these structures are essential to maintaining pressure
integrity. An analysis, when required by the Design Spec-
ification, shall be performed based on static forces
resulting from equivalent earthquake accelerations
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 equilibriumwith the applied loads, may be used.

NCD-3595 Design of Pressure Relief Valve Parts

NCD-3595.1 ð23ÞBody.Minimum wall thicknesses of valve
bodies shall conform to the applicable requirements for
Standard Class category valves of ASME B16.34, taking
into account the dimensional and pressure conditions
of the primary and secondary zones. Minimumwall thick-
ness adjacent to the inlet nozzle and for a distance equal to
that minimum wall thickness from the plane of the back
face of the inlet flange shall be that required for Standard
Class category valves of ASME B16.34 for the inlet flange
size and pressure class. Minimum wall thicknesses else-
where in the secondary zone shall be determined by the
requirements for Standard Class category valves of ASME
B16.34 for the outlet flange size and pressure class,
including such other rules and considerations of ASME
B16.34 as may be applicable. In valve design where
the outlet flange is an extension of the bonnet, the
bonnet design shall conform to these rules. Where the
inlet flange geometry involves inside contours
encroaching on the metal section boundary represented
by the bore diameter, dimension B, from the appropriate
size and Class table in ASMEB16.5, adequacy of the design
shall be proven by stress calculation in accordance with
NCD-3658. Additional metal thickness needed for oper-
ating stresses, shapes other than circular, stress concen-
trations, and adequate structural strength of valve body
crotch areas for bending stresses and installation stress
that may be imposed on the valve must be determined by
the manufacturer.

NCD-3595.2 Bonnet (Yoke).The bonnet (yoke)may be
analyzedusingclassicbendinganddirect stressequations,
with appropriate free body diagrams. The general
membrane stress and the general membrane stress
plus bending stress shall not exceed the stress limits of
NCD-3592.2.

NCD-3595.3 Nozzle. The minimum wall thickness of
the nozzle shall be determined from the limit on
general membrane stress. Alternatively, the rules of
NB‐3594.3 may be used. These requirements are not ap-
plicable to the transition region to the seat contacting area
of the nozzle defined by L in Figure NCD-3595.3-1,
provided the dimension L is less than the nominal wall
thickness t. In accordancewithNCD-2121(c), formaterials
not listed in Section II, Part D, Subpart 1, Tables 1A and1B,
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Figure NCD-3591.2-1
Typical Pressure Relief Devices

Yoke
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Figure NCD-3591.2-2
Typical Pressure Relief Devices
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the S value shall be determined in accordance with the
rules of Section II, Part D, Mandatory Appendix 1.

NCD-3595.4 Body‐to‐Bonnet Joint. For valves having
inlet piping connections NPS 2 (DN 50) and less, body‐to‐
bonnet connections may be threaded. The thread shear
stress, considering all loadings, shall not exceed 0.6
times the allowable stress S . The body‐to‐bonnet
bolting shall be designed to resist the hydrostatic end
force of the rated maximum secondary Design Pressure
combinedwith the total spring load to full lift, and tomain-
tain sufficient compression fora tight jointon thegasket or
joint contact surface. The bolt stresses for these loadings
shall not exceed the allowable stress values of Section II,
Part D, Subpart 1, Table 3.

NCD-3595.5 Disk. The stress evaluation shall be made
for the condition that results in themaximum stress in the
disk. The bending stress shall not exceed the stress limits
of NCD-3592.2. In accordance with NCD-2121(c), for
materials not listed in Section II, Part D, Subpart 1,
Tables 1Aand1B, the S value shall be determined in accor-
dance with the rules of Section II, Part D, Mandatory
Appendix 1.

NCD-3595.6 Spring Washer. The shear stress shall not
exceed 0.6S. The bending stress shall not exceed the stress
limits of NCD-3592.2.

NCD-3595.7 Spindle (Stem). The general membrane
stress shall not exceed the stress limits of NCD-3592.2.

NCD-3595.8 Adjusting Screw. The adjusting screw
shall be analyzed for thread stress in accordance with
the method of ASME B1.1, and this stress shall not
exceed0.6S. The generalmembrane stress of the adjusting
screw shall not exceed the stress limits of NCD-3592.2,
based on the root diameter of the thread.

NCD-3595.9 Spring.The valve spring shall bedesigned
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 the heightmeasured aminimumof 10min
after the spring has been compressed solid three addi-
tional times after presetting at room temperature)
shall not exceed 1.0% of the free height.

NCD-3596 Design Reports

NCD-3596.1 GeneralRequirements.Themanufacturer
shall certify compliance with the requirements of this
subarticle in accordance with the provisions of NCA-
3211.10.

Table NCD-3592.2(b)-1
Pressure Relief Devices Service Loading Limits

Service Loading Stress Limits
Level B σm ≤ 1.1S

(σm or σL) + σb ≤ 1.65S

Level C σm ≤ 1.5S
(σm or σL) + σb ≤ 1.8S

Level D σm ≤ 2.0S
(σm or σL) + σb ≤ 2.4S

GENERAL NOTES:
(a) A casting quality factor is not required to satisfy these limits.
(b) The above limits are not intended to ensure the functional

adequacy of the valve. However, the designer is cautioned
that the requirements of Article NCD-7000 relative to set pres-
sure, lift, blowdown, and closure shall be met.

(c) Theabove limits areapplicable to thoseportionsof thevalves that
are pressure retaining or affect pressure-retaining items of these
valves.

Figure NCD-3595.3-1
Valve Nozzle

GENERAL NOTE: L < t where
L = length of seal transition region, in. (mm)
t = nozzle wall thickness, in. (mm)
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NCD-3600 PIPING DESIGN

NCD-3610 GENERAL REQUIREMENTS

NCD-3611 Acceptability

The requirements for acceptability of a piping system
are given in the following subparagraphs.

NCD-3611.1 Allowable Stress Values.Allowable stress
values tobeused for thedesignofpiping systemsare given
in Section II, Part D, Subpart 1, Tables 1A, 1B, and 3.

NCD-3611.2 Stress Limits.

(a) DesignandService. Loadings shall be specified in the
Design Specification.
(b) Design Loadings. The sum of stresses due to design

internal pressure, weight, and other sustained loads shall
meet the requirements of NCD-3652, eq. (8).
(c) Service Loadings. The following Service Limits shall

apply to Service Loadings as designated in the Design
Specification.

(1) Level A and B Service Limits. For Service Loadings
for which Level A and B Service Limits are designated in
the Design Specification, the requirements of NCD-3653
shall bemet.WhenLevel B Limits apply, the peakpressure
Pmax alone shall not exceed1.1 times thepressurePa calcu-
lated in accordancewith NCD-3641.1, eq. (5). The calcula-
tion of Pa shall be based on themaximum allowable stress
for the material at the coincident temperature.

(2) Level C Service Limits. For Service Loadings for
which Level C Service Limits are designated in the
Design Specification, the sum of stresses shall meet the
requirements of NCD-3654.

(3) Level D Service Limits. For Service Loadings for
which Level D Service Limits are designated in the Design
Specification, the sum of stresses shall meet the require-
ments of NCD-3655.

(4) Test Conditions. Testing shall be in accordance
with Article NCD-6000. Occasional loads shall not be
considered as acting at time of test.
(d) External Pressure Stress. Piping subject to external

pressure shall meet the requirements of NCD-3641.2.
(e) Allowable Stress Range for Expansion Stresses. The

allowable stress range SA is given by eq. (1)

= +S f S S(1.25 0.25 )A c h (1)

where

f = stress range reduction factor for cyclic conditions
for total number N of full temperature cycles over
total number of years during which system is
e xpe c t ed to be i n s e r v i c e , f r om Tab l e
NCD-3611.2(e)-1

Sc = basic material allowable stress at minimum (cold)
temperature, psi (MPa)

Sh = basic material allowable stress at maximum (hot)
temperature, psi (MPa)

(1) In determining the basic material allowable
stresses Sc and Sh, joint efficiencies need not be applied.

(2) Stress reduction factors apply essentially to
noncorrosive service and to corrosion resistantmaterials,
where employed to minimize the reduction in cyclic life
caused by corrosive action.

(3) If the range of temperature change varies,
equivalent full temperature cycles may be computed as
follows:

= + + + … +N N r N r N r N,E n n1
5

1 2
5

2
5 (2)

where

NE = number of cycles at full temperature
change ΔTE for which expansion
stress SE has been calculated

N1, N2, ..., Nn = number of cycles at lesser temperature
changes, ΔT1, ΔT2,
..., ΔTn

r1, r2, ..., rn = (ΔT1)/(ΔTE), (ΔT2)/(ΔTE), ..., (ΔTn)/
(ΔTE)

x = the ratio of any lesser temperature
cycles for which the expansion stress
SE has been calculated

(f) AllowableStress forNonrepeatedStresses. Theallow-
able stress due to any single nonrepeated anchor move-
ment (such as predicted building settlement) calculated in
accordance with NCD-3653.2(b), eq. (10b) shall be 3.0Sc.

NCD-3611.3 Alternative AnalysisMethods.The specif-
ic design requirementsofNCD-3600arebasedona simpli-
fied engineering approach. A more rigorous analysis such
asdescribed inNB‐3600orNB‐3200maybeused to calcu-
late the stresses required to satisfy these requirements.
These calculated stresses must be compared to the allow-
able stresses in this Subsection. In such cases, the designer
shall include appropriate justification for the approach
taken in the Certified Design Report.

Table NCD-3611.2(e)-1
Stress Range Reduction Factors

Number of Equivalent Full Temperature Cycles, N f
7,000 and less 1.0
7,000 to 14,000 0.9
14,000 to 22,000 0.8
22,000 to 45,000 0.7
45,000 to 100,000 0.6
100,000 and over 0.5
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NCD-3612 Pressure–Temperature Ratings for
Piping Products

NCD-3612.1 Piping Products Having Specific Ratings.

(a) Pressure–temperature ratings for certain piping
products have been established and are contained in
some of the standards listed in Table NCA‐7100‐1. The
pressure ratings at the corresponding temperatures
given in the standards listed in Table NCA‐7100‐1 shall
not be exceeded, and piping products shall not be used
at temperatures in excess of those given in Section II,
Part D, Subpart 1, Tables 1A and 1B for the materials
of which the products are made.
(b) Where piping products have established pressure–

temperature ratings that do not extend to the uppermate-
rial temperature limits permitted by this Subsection, the
pressure–temperature ratings between those established
and the upper material temperature limit may be deter-
mined in accordance with the rules of this Subsection.

NCD-3612.2 Piping Products Not Having Specific
Ratings. Should it be desired to use methods of manufac-
ture or design of piping products not covered by this
Subsection, it is intended that the manufacturer shall
comply with the requirements of NCD-3640 and
NCD-3690 and other applicable requirements of this
Subsection for the Design Loadings involved. The manu-
facturer’s recommended pressure ratings shall not be
exceeded.

NCD-3612.4 Considerations for Local Conditions and
Transients.

(a) Where 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 the higher pressure system
shall be met.

(2) Pressure relief devices or safety valves shall be
included to protect the lower pressure system in accor-
dance with NCD-7311 and NCD-7321.

(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 low pressure
system.

(-c) Means shall be provided such that operability
of all components, controls, and interlocks can be verified
by test.

(-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 low 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 lowpressure system relieving capacitymay be
determined in accordancewith NCD-7311 andNCD-7321,
on the basis of the interconnecting 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 Spec-
ification, and all other applicable requirements of Article
NCD-7000 shall be met.
(b) Where pressure reducing valves are used and one

or more pressure relief devices or safety valves are
provided, bypass valvesmaybeprovidedaround thepres-
sure reducing valves. The combined relieving capacity of
the pressure relief devices, safety valves, and relief piping
shall be such that the lower pressure system service pres-
sure will not exceed the lower pressure system Design
Pressure by more than 10% 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 aremechanically or electrically inter-
locked so that only one may be open at any time, the high
pressure system is at a pressure higher than the Design
Pressureof the lowpressure system, 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
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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 (4.0) and below 250 (1.7) 410 (210)
Above 600 (4.0) to 900 (6.0) 400 (3.0) 450 (230)
Above 900 (6.0) to 1,500
(10.0)

600 (4.0) 490 (255)

Above 1,500 (10.0) 900 (6.0) 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. Where 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) When 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.

NCD-3613 Allowances

NCD-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 require-
ments. This allowance shall be consistent with the speci-
fied design life of the piping.

NCD-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.

NCD-3613.3 Mechanical Strength.When necessary to
preventdamage, collapse, orbucklingofpipedue to super-
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.

NCD-3613.4 Pressure Design Weld Joint Efficiency for
ButtWelds.ForClass 2piping, the joint efficiency factor,E,
equals 1.0. For Class 3 piping, longitudinal weld joint effi-
ciency factors for pressure design for butt welds as listed
in Table NCD-3613.4-1 shall be applied to the allowable
stress values given in Section II, Part D, Subpart 1, Tables
1A and 1B.

NCD-3613.5 Steel CastingQuality Factors.The quality
factors for castings required inSection II, PartD, Subpart1,
Tables 1A and1B apply to castings that are designed using
the stresses contained in this Subsection. The minimum
examination required for these castings is that stipulated
in the applicable material specification and in NCD-2570.
Castings satisfying these minimum requirements shall be
designed with a quality factor of 1.00.

NCD-3620 DESIGN CONSIDERATIONS

NCD-3621 Design and Service Loadings

TheprovisionsofNCD-3110shall apply, except asmodi-
fied in this subarticle.

NCD-3621.1 Cooling Effects on Pressure. When the
cooling of a fluid may reduce the pressure in the
piping to below atmospheric, the piping shall be designed
to withstand the external pressure or provision shall be
made to break the vacuum.

NCD-3621.2 Fluid Expansion Effects.When the expan-
sionof a fluidmay increase thepressure, thepiping system
shall be designed to withstand the increased pressure or
provision shall be made to relieve the excess pressure.

NCD-3622 Dynamic Effects

NCD-3622.1 Impact. Impact forces caused by either
external or internal loads shall be considered in the
piping design.

NCD-3622.2 Reversing Dynamic Loads. Reversing
dynamic loads are those loads that cycle about a mean
value and include building filtered loads, and earthquake

Table NCD-3613.4-1
For Class 3 Only — Weld Joint Efficiency Factor

Type of Longitudinal Joint

Weld Joint
Efficiency
Factor, E

Arc weld
Single butt weld 0.80
Double butt weld 0.90
Single or double butt weld with 100% radiography
per NCD-2560 for joints weldedwith filler metal or
otherwise examined by ultrasonic methods per
NCD-2550 for joints weldedwithout filler metal, as
applicable

1.00

Electric resistance weld 0.85
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loads. A reversing dynamic load shall be treated as a
nonreversing dynamic load in applying the rules of
NCD-3600 when the number of reversing dynamic load
cycles, exclusive of earthquake, exceeds 20.

NCD-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.

NCD-3622.4 Exposed Piping. Exposed piping shall be
designed to withstand wind loadings, using meteorolo-
gical data to determinewind forces.When State, Province,
or Municipal ordinances covering the design of building
structures are in effect and specify wind loadings, these
values shall be considered the minimum design values.
However, it is not necessary to consider earthquake
and wind loadings to be acting concurrently.

NCD-3622.5 Nonreversing Dynamic Loads. Nonrever-
sing dynamic loads 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 (see Figure NCD-3622-1). Reflected waves in a
piping system due to flow transients are classified as
nonreversing dynamic loads.

NCD-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.

NCD-3623.1 Live Weight. The live weight shall consist
of theweight of the fluid being handled or of the fluid used
for testing or cleaning, whichever is greater.

NCD-3623.2 Dead Weight. The dead weight shall
consist of the weight of the piping, insulation, and
other loads permanently imposed upon the piping.

NCD-3624 Thermal Expansion and Contraction
Loads

NCD-3624.1 General Requirements.

(a) The design of piping systems shall take account of
the forces andmoments resulting from thermal expansion
and contraction and from the effects of expansion joints.
(b) Thermal expansion and contraction shall be

provided for, preferably by pipe bends, elbows, offsets,
or changes in direction of the piping.
(c) Hangers and supports shall permit expansion and

contraction of the piping between anchors.

NCD-3624.2 Expansion Joints. Expansion joints of the
corrugated, slip sleeve, ball, or swivel typesmay be used if
they conform to the requirements of NCD-3649.1 through
NCD-3649.4, their structural and working parts are
designed for the maximum pressure and temperature
of the piping system, and their design prevents the
complete disengagement of working parts while in
service.

NCD-3640 PRESSURE DESIGN OF PIPING
PRODUCTS

NCD-3641 Straight Pipe

NCD-3641.1 Straight Pipe Under Internal Pressure.
The minimum thickness of pipe wall required for
Design Pressures and for temperatures not exceeding
those for the various materials listed in Section II, Part
D, Subpart 1, Tables 1A and 1B, including allowances
for mechanical strength, shall not be less than that deter-
mined by eq. (3) as follows:

= +
+

t Am
PD

SE Py2( )
o (3)

= + +
+

tm
Pd SEA yPA

SE Py P
2 2

2( )
(4)

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 NCD-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 condi-
tions.

Do = outside diameter of pipe, in. (mm). For design
calculations, the outside diameter of pipe as
given in tables of standards and specifications
shall be used in obtaining the value of tm. When
calculating the allowable pressure of pipe on
hand or in stock, the actual measured outside
diameter and actual measured minimum wall
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Figure NCD-3622-1
Examples of Reversing and Nonreversing Dynamic Loads
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thickness at the thinner end of the pipe may be
used to calculate this pressure.

d = inside diameter of pipe, in. (mm). In using eq. (4)
the value of d is for the maximum possible inside
diameter allowable under the purchase specifica-
tion.

E = joint efficiency for the type of longitudinal joint
used, as given in Table NCD-3613.4-1, or
casting quality factor determined in accordance
with NCD-3613.5

P = internal Design Pressure, psi (MPa)
S = maximum allowable stress for the material at the

Design Temperature, psi (MPa) (Section II, Part D,
Subpart 1, Tables 1A and 1B)

tm = minimum requiredwall thickness, in (mm). If pipe
is ordered by its nominalwall thickness, themanu-
facturing tolerance on wall thickness must be
taken into account. After the minimum pipe
wall thickness tm is determined by eq. (4), this
minimum thickness shall be increased by an
amount sufficient to provide the manufacturing
tolerance allowed in the applicable pipe specifica-
tion or required by the process. The next heavier
commercial wall thickness shall then be selected
from standard thickness schedules such as
contained in ASME B36.10M or from manufac-
turers’ schedules for other than standard thick-
ness.

The allowable working pressure of pipe may be deter-
mined from the following equation:

=Pa
SEt

D yt
2

2o
(5)

where

Pa = the calculated maximum allowable internal pres-
sure, psi (MPa), for straight pipe that shall at least
equal the Design Pressure.
(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
(NCD-3643) where part of the required reinforce-
ment is in the runpipe, theDesignPressure 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 (NCD-3642.1), and
material to be removedby counterboring, in. (mm)

y = a coefficient having a value of 0.4, except that for
pipe with a Do/tm ratio less than 6, the value of y
shall be taken as

=
+

y (6)d
d Do

NCD-3641.2 Straight Pipe Under External Pressure.
For determining wall thickness and stiffening require-
ments for straight pipe under external pressure, the
procedures outlined in NCD-3133 shall be followed.

NCD-3642 Curved Segments of Pipe

NCD-3642.1 Pipe Bends. Pipe bends shall be subject to
the limitations in (a), (b), and (c) below.
(a) Theminimumwall thickness after bending shall not

be less than the minimum wall thickness required for
straight pipe.
(b) The ovality shall meet the requirements of

NCD-4223.2.
(c) The information inSection IIIAppendices,Nonman-

datory Appendix GG is given to guide the designer when
ordering pipe.

NCD-3642.2 Elbows. Flanged elbows manufactured in
accordancewith the standards listed inTableNCA‐7100‐1
shall be considered suitable for use at the pressure–
temperature ratings specified by such standards. In the
case of standards under which butt welding elbows
are made to a nominal wall thickness, the elbows shall
be considered suitable for use with pipe of the same
nominal thickness and of the same material.

NCD-3643 Intersections
NCD-3643.1 General Requirements.

(a) NCD-3643 gives acceptable rules governing the
design of branch connections to sustain internal and
external pressure in cases where the axes of the

Table NCD-3641.1(a)-1
Values of A

Type of Pipe A, in. (mm)
Threaded steel and nonferrous pipe:
3/4 in. nominal (DN 20) and smaller 0.065 (1.5)
1 in. (DN 25) nominal and larger Depth of thread

Grooved steel and nonferrous pipe Depth of groove plus
1/64 in. (0.4)
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branchand the run intersect, the anglebetween theaxesof
the branch and of the run is between 45 deg and 90 deg,
inclusive, and no allowance is required for corrosion or
erosion.
(b) Branch connections in which the smaller angle

between the axes of the branch and the run is less
than 45 deg impose special design and fabrication prob-
lems. The rules given for angles between 45 deg and 90
deg, inclusive, may be used as a guide, but sufficient addi-
tional strength must be provided to assure safe service.
Such branch connections shall be designed to meet the
requirements of NCD-3649.
(c) Branch connections in pipingmay bemade by using

one of the products or methods given in (1) through (5)
below:

(1) flanged, buttwelding, socketwelding, or screwed
fittingsmade in accordance with the applicable standards
listed in Table NCA‐7100‐1;

(2) welding outlet fittings, such as cast or forged
nozzles; couplings including ASME B16.11 couplings, to
a maximum of NPS 3 (DN 80); and adaptors or similar
items having butt welding, socket welding, threaded, or
flanged ends for attachment of the branch pipe. Such
outlet fittings shall be attached to the main pipe

(-a) by the full penetration weld; or
(-b) for right angle branch connections, by a fillet

weld or part ia l penetrat ion weld as shown in
Figure NCD-3643.2(b)-2, sketch (e) or (f), provided the
requirements of (-1) through (-4), as follows, are met:

(-1) the nominal size of the branch shall not
exceed 2 in. (50 mm) or one‐quarter of the nominal
size of the run, whichever is less;

(-2) theminimumsize of theweld, xmin, shall not
be less than 11/4 times the fitting wall thickness in the
reinforcement zone;

(-3) the groove angle, θ, shall be equal to or
greater than 45 deg;

(-4) except for attaching ASME B16.11
couplings, the requirements of NCD-3643.3 shall be met.

(3) extruded outlets at right angles to the runpipe, in
accordancewithNCD-3643.4,where theattachmentof the
branch pipe is by butt welding;

(4) by attaching the branch pipe directly to the run
pipe by welding or threading as stipulated in (-a) or (-b)
below:

(-a) right angle branch connections may be made
by attaching the branch pipe to the run pipe by socket
welding, provided the requirements of (-1) through
(-5) below are met:

(-1) the nominal size of branch does not exceed
NPS 2 (DN 50) or one‐fourth the nominal size of the run,
whichever is less;

(-2) the depth of the socket in the run is at least
equal to that shown in ASME B16.11 with a minimum
shoulder of 1/16 in. (1.5 mm) between the bottom of
the socket and the inside diameter of the run pipe;

weld metal may be deposited on the run pipe to
provide the required socket depth and to provide any re-
inforcement required;

(-3) a minimum of 1/16 in. (1.5 mm) clearance
shall be provided between the bottom of the socket and
the end of the inserted pipe;

(-4) the size of the fillet weld shall not be less
than 11/4 times the nominal branch wall thickness;

(-5) the requirements of NCD-3643.3 shall be
met.

(-b) right angle branch connections may be made
by attaching the branch pipe directly to the run by
threading within the provisions of NCD-3671.3 and
provided the requirements of (-1) and (-2) below aremet:

(-1) the nominal size of the branch does not
exceed NPS 2 (DN 50) or one‐fourth the nominal size
of the run, whichever is less;

(-2) minimum thread engagement shall be six
full threads for 1/2 in., and 3/4 in. (DN 15 and DN 20)
branches; seven for 1 in., 11/4 in., and 11/2 in. (DN 25,
DN 32, and DN 40) branches; and eight for NPS 2
(DN 50) branches; weld metal may be deposited on
the run pipe to provide sufficient thickness for required
thread engagement;

(5) branch connections may be made by attaching
the branch pipe directly to the run pipe

(-a) by a full penetration weld as shown in
Figure NCD-3643.2(b)-1, with or without pad or saddle
reinforcement as shown in Figure NCD-3643.3(c)(1)-1
orFigureNCD-3643.3(c)(1)-2, provided the requirements
of NCD-3643.3 are met; or

(-b) for right angle branch connections, by a fillet
weld or part ia l penetrat ion weld as shown in
Figure NCD-3643.2(b)-2, sketches (a) through (d),
provided the requirements of (-1) through (-4), as
follows, are met:

(-1) the nominal size of the branch shall not
exceed NPS 2 (DN 50) or one‐quarter of the nominal
size of the run, whichever is less;

(-2) theminimumsize of theweld, xmin, shall not
be less than 11/4 times the nominal branchwall thickness;

(-3) the groove angle, θ, shall be equal to or
greater than 45 deg;

(-4) the requirements of NCD-3643.3 shall be
met.

NCD-3643.2 Branch Connections Not Requiring Rein-
forcement. Reinforcement need not be provided if the
branchconnection ismade inaccordancewith therequire-
ments of (a) through (c) below:
(a) by the use of a fitting manufactured in accordance

with one of the standards listed in Table NCA‐7100‐1 and
used within the limits of pressure–temperature ratings
specified in such standards, a butt welding fitting
made in accordance with ASME B16.9 or MSS SP‐97
shall be of nominal thickness not less than the nominal
thickness required for the adjoining pipe;
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(b) by welding a coupling or half coupling directly to
the run pipe, provided the nominal diameter of the branch
does not exceed 2 in. pipe size (DN 50) or one‐fourth the
nominal diameter of the run, whichever is less; the wall
thickness of the coupling is not less than that of the branch
pipe; the coupling is joined to the run pipe by one of the
methods shown in Figure NCD-3643.2(b)-1 sketch (c)(1)
or FigureNCD-3643.2(b)-2 sketch (e); and inno case is the
thickness of the coupling less than extra heavy or 3,000 lb
nominal rating;
(c) by using an extruded outlet, provided the nominal

diameter of the branch does not exceed 2 in. pipe size
(DN 50) or one‐fourth the nominal diameter of the
pipe, whichever is less, and the minimum wall thickness
at the abutting end of the outlet is not less than required
for the branch pipe wall.

NCD-3643.3 BranchConnectionsRequiringReinforce-
ment.

(a) Calculations shall be made to determine the
adequacy of reinforcement in branch connections
except as exempted in NCD-3643.2.
(b) A branch connection may be made by extruding an

integrally reinforced outlet on the run pipe. The reinforce-
ment requirements shall be in accordance with
NCD-3643.4.
(c) Abranchconnectionmaybemadebyweldingapipe

or fitting directly to the run pipe with or without added
reinforcement, provided the pipe or fitting, deposited
weldment, andother reinforcingdevicesmeet the require-
mentsof this subparagraph.This subparagraphgives rules
covering the design of branch connections to sustain
internal pressure in cases where the angle between
the axes of the branch and of the run ranges from 45
deg to 90 deg. NCD-3643.5 gives rules governing the
design of connections to sustain external pressure.

(1) Nomenclature. Figures NCD-3643.3(c)(1)-1 and
NCD-3643.3(c)(1)-2 illustrate the notations used in the
pressure–temperature design conditions of branch
connections, which are as follows:

b = subscript referring to branch
Do = outside diameter of pipe, in. (mm)
d1 = inside diameter of branch for right angle connec-

tions, in. (mm); for connections at angles between
45 deg and 90 deg, d1= (Dob − 2Tb)/sin α

d2 = half width of reinforcing zone, in. (mm)
x = the greater of d1 or Tb + Th + (d1/2) but in no case

more than Dob
h = subscript referring to run or header
L = height of reinforcement zone outside of run, in.

(mm)
x = 2.5Tb + te
T = nominal, actual bymeasurement, orminimumwall

thickness of pipe, in. (mm), permissible under
purchase specification

Figure NCD-3643.2(b)-1
Typical Welded Branch Connections
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Figure NCD-3643.2(b)-2
Typical Right Angle Branch Connections Made Using a Fillet Weld or a Partial Penetration Weld
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te = thickness of attached reinforcing pad or height of
the largest 60 deg right triangle supported by the
run and branch outside diameter projected
surfaces and lying completely within the area of
integral reinforcement, in. (mm) [Figure
NCD-3643.3(c)(1)-2]

tm = requiredminimumwall thickness, in. (mm), ofpipe
for pressure and temperature design conditions as
determined byuse of NCD-3641.1, eq. (3) or eq. (4)

α = angle between axes of branch and run, deg

(2) Requirements. A pipe having a branch connection
is weakened by the opening that must be made in it and,
unless the wall thickness of the pipe is sufficiently in
excess of that required to sustain the pressure, it is nec-
essary toprovideadditional reinforcement.Theamountof
reinforcement required shall be determined in accor-
dance with (3) through (7), NCD-3643.4, or NCD-3643.5.

(3) Reinforcement Area. The required reinforcement
area in in.2 (mm2) for branch connections shall be the
quantity (tmh) (d1) (2 − sin α).

(-a) For right angle connections, the required re-
inforcement becomes (tmh) (d1).

(-b) The required reinforcement must be within
the limits of the reinforcement zone as defined in (5).

(4) Area Contributing to Reinforcement. Metal
needed to meet reinforcement required by (c) must be
within the limits of reinforcement zone determined in
(5) and may include the following:

A1 = area provided by excess pipe wall in the run, in.2
(mm2)

x = (2d2 − d1) [(Th − mill tolerance on Th) − tmh]
A2 = area provided by excess pipewall in the branch for

a distance L above the run, in.2 (mm2)
x = 2L/sin α [(Tb −mill tolerance on Tb) − tmb]. In areas

A1 and A2, mill tolerance becomes zero when the
minimumwall is specified instead of nominal wall.

A3 = area provided by depositedweldmetal beyond the
outside diameter of the run and branch, in.2 (mm2)

A4 = area provided by reinforcement, in.2 (mm2)

When thereinforcementarea is composedofmaterial
with lower allowable stress than that of the run pipe, such
reinforcementareas shall be increasedby the inverse ratio
of allowable stresses. No adjustment shall be made in re-
inforcement area for use of materials that have higher
allowable stresses than the materials of the run pipe.
Such reinforcement areas shall be decreased by the
ratio of allowable stresses prior to any combination of
areas to meet the reinforcement requirements of (c).

(5) Reinforcement Zone. The reinforcement zone is a
parallelogram, the length of which shall extend a distance
d2 on each side of the centerline of the branch pipe and the
width of which shall start at the inside surface of the run
pipe and extend to a distance L from the outside surface of

the run pipe, when measured in the plane of the branch
connection.

(6) Reinforcement of Multiple Openings
(-a) When any two or more adjacent openings are

so closely spaced that their reinforcement zones overlap,
the two or more openings shall be reinforced in accor-
dance with (3) with a combined reinforcement that
has a strength equal to the combined strength of the re-
inforcement thatwouldbe required for the separate open-
ings. No portion of the cross section shall be considered as
applying to more than one opening or be evaluated more
than once in a combined area.

(-b) Whenmore than two adjacent openings are to
be provided with a combined reinforcement, the
minimum distance between centers of any two of
these openings should preferably be at least 11/2 times
their average diameter and the area of reinforcement
between them shall be at least equal to 50% of the
total required for these two openings.

(7) Rings, Pads, and Saddles
(-a) Reinforcement provided in the form of rings,

pads, or saddles shall not be appreciably narrower at the
side than at the crotch.

(-b) A vent hole shall be provided at the ring, pad,
or saddle to provide venting during welding and heat
treatment.

(-c) Rings, pads, or saddles may be made in more
than one piece, provided the joints between pieces have
full thicknesswelds and each piece is providedwith a vent
hole.

(-d) Where saddlesorpadsarebeingemployed for
reinforcement, the potential for increased strain at the
attachment welds that may occur as a result of rapid
changes in differential metal temperatures between the
saddle or pad and the run should be considered in the
design evaluation.

NCD-3643.4 Special Requirements for Extruded
Outlets. The definitions, limitations, nomenclature, and
requirements of (a) through (h) below are specifically ap-
plicable to extruded outlets.
(a) Definition. An extruded outlet header is a header in

which the extruded lip at the outlet has a height above the
surface of the run that is equal to or greater than the radius
of the curvature of the external contoured portion of the
outlet ho ≥ ro [Figure NCD-3643.4(a)-1].
(b) Cases to Which Rules Are Applicable. These rules

apply only to cases where the axis of the outlet intersects
and is perpendicular to the axis of the run.
(c) Nomenclature. The notation used herein is illustrat-

ed in Figure NCD-3643.4(a)-1.

D = outside diameter of run, in. (mm)
d = outside diameter of branch pipe, in. (mm)
Dc = corroded internal diameter of run, in. (mm)
dc = corroded internal diameter of branch pipe, in.

(mm)
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Figure NCD-3643.3(c)(1)-2
Some Representative Configurations Describing the te Reinforcement Dimension
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Figure NCD-3643.4(a)-1
Reinforced Extruded Outlets
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NOTES:
(1) Sketch to show method of establishing To when the taper encroaches on the crotch radius.
(2) Sketch is drawn for condition where K = 1.00.
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Do = corroded internal diameter of extruded outlet
measured at the level of the outside surface of
the run, in. (mm)

ho = height of the extruded lip, in. (mm); this must be
equal to or greater than ro except as permitted in
(d)(4)

L = height of reinforcement zone, in. (mm)
x = dT0.7 o
ro = radius of curvature of external contoured portion

of outletmeasured in the plane containing the axes
of the run and branch, in. (mm); this is subject to
the limitations given in (d) below

r1 = half width of reinforcement zone, in. (mm) = Do
Tb = actual thickness of branch wall, not including the

corrosion allowance, in. (mm)
tb = required thickness of branch pipe according to

wall thickness eq. (3) or eq. (4) of NCD-3641.1,
not including any thickness for corrosion, in. (mm)

To = corroded finished thickness of extruded outlet
measured at a height equal to ro above the
outside surface of the run, in. (mm)

Tr = actual thickness of run wall, not including the
corrosion allowance, in. (mm)

tr = required thickness of the run according to
NCD-3641.1, eq. (3) or eq. (4), not including
any allowance for corrosion, in. (mm)

(d) Radii
(1) Theminimum radius shall not be less than 0.05d,

except that on branch diameters larger than 30 in. (750
mm) it need not exceed 11/2 in. (38 mm).

(2) The maximum radius for outlet pipe sizes 6 in.
nominal (DN150) and larger shall not exceed 0.10d + 0.50
in. (0.10d + 13 mm). For outlet pipe sizes less than NPS 6
(DN 150), this dimension shall be not greater than 11/4 in.
(32 mm).

(3) When the external contour contains more than
one radius, the radius of any arc sector of approximately
45 deg shall meet the requirements of (1) and (2) above.

(4) Machining shall not be employed inorder tomeet
the above requirements.
(e) Required Area. The required area is defined as

=A K t D( )( )r o

where K shall be taken as follows:
(1) for d/D greater than 0.60, K = 1.00
(2) for d/D greater than 0.15 and not exceeding 0.60,

K = 0.6 + 2d/3D
(3) for d/D equal to or less than 0.15, K = 0.70

(f) ReinforcementArea. The reinforcement area shall be
the sum of areas A1 + A2 + A3 as defined in (1), (2), and (3)
below:

(1) AreaA1 is the area lyingwithin the reinforcement
zone resulting from any excess thickness available in the
run wall

=A D T t( )o r r1

(2) AreaA2 is the area lyingwithin the reinforcement
zone resulting from any excess thickness available in the
branch pipe wall

=A L T t2 ( )b b2

(3) AreaA3 is the area lyingwithin the reinforcement
zone resulting from excess thickness available in the
extruded outlet lip

=A r T T2 ( )o o b3

(g) Reinforcement of Multiple Openings. When any two
or more adjacent openings are so closely spaced that the
reinforcement zones overlap, the two or more openings
shall be reinforced in accordancewithNCD-3643.4, with a
combined reinforcement that has a strength equal to the
combined strength of the reinforcement that would be
required for separate openings. No portion of the cross
section shall be considered as applying to more than
oneopeningorbeevaluatedmore thanonce in acombined
area.
(h) Marking. In addition to the above, the Certificate

Holder shall be responsible for establishing and
marking on the section containing extruded outlets,
the Design Pressure and Temperature, and the Certificate
Holder’s name or trademark.

NCD-3643.5 Branch Connections Subject to External
Pressure.

(a) The reinforcement area in in.2 (mm2) required for
branch connections subject to external pressure shall be
0.54( tmh)(d1)(2 − sin α) . Al l terms def ined in
NCD-3643.3(c)(1), except (tmh) is the minimum required
wall thickness as determined by NCD-3641.2.
(b) Procedures established for connections subject to

internal pressure shall apply for connections subject to
external pressure.

NCD-3643.6 Reinforcement of Other Designs. The
adequacy of designs to which the reinforcement require-
ments of NCD-3643 cannot be applied shall be proven by
burst orproof tests (NCD-3649)on scalemodels or on full‐
size structures, or by calculations previously substan-
tiated by successful service of similar design.

NCD-3644 Miters

Mitered joints may be used in piping systems under the
conditions stipulated in (a) through (e) below.
(a) The thickness of a segment of amiter shall be deter-

mined in accordance with NCD-3641.1. The required
thickness thus determined does not allow for the discon-
tinuity stresses that exist at the junction between
segments. The discontinuity stresses are reduced for a
given miter as the number of segments is increased.
These discontinuity stresses may be neglected for
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miters in nonflammable, nontoxic, noncyclic serviceswith
incompressible fluids at pressures of 100 psi (700 kPa)
and under, and for gaseous vents to atmosphere. Miters to
be used in other services or at higher pressures shall meet
the requirements of NCD-3649.
(b) The number of full pressure or thermal cycles shall

not exceed7,000during theexpected lifetimeof thepiping
system.
(c) The angle θ in Table NCD-3673.2(b)-1 shall not be

more than 221/2 deg.
(d) The centerline distance between adjacent miters

shall be in accordance with Table NCD-3673.2(b)-1.
(e) Full penetrationwelds shall be used in joiningmiter

segments.

NCD-3645 Attachments

(a) External and internal attachments to piping shall be
designed so asnot to cause flatteningof thepipe, excessive
localized bending stresses, or harmful thermal gradients
in the pipe wall. It is important that such attachments be
designed to minimize stress concentrations in applica-
tionswhere thenumberof stress cycles, dueeither topres-
sure or thermal effect, is relatively large for the expected
life of the equipment.
(b) Attachments shall meet the requirements of

NCD-3135.
(c) 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.

NCD-3646 Closures

(a) Closures in piping systems shall 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 contained in NCD-3300
using the equation

= +t t Am

where

A = sum of mechanical allowances (NCD-3613), in.
(mm)

t = pressure design thickness, calculated for the given
closure shape anddirectionof loadingusing appro-
priate equations and procedures in Article
NCD-3000, in. (mm)

tm = minimum required thickness, in. (mm)

(c) Connections to closures may be made by welding,
extruding, or threading. Connections to the closure shall
be in accordance with the limitations provided in
NCD-3643 for branch connections. If the size of the
opening is greater than one‐half the inside diameter of
the closure, the opening shall be designed as a reducer
in accordance with NCD-3648.
(d) Other openings in closures shall be reinforced in

accordance with the requirements of reinforcement for
a branch connection. The total cross‐sectional area
required for reinforcement in any plane passing
through the center of the opening and normal to the
surface of the closure shall not be less than the quantity
of d5t, where

d5 = diameter of the finished opening, in. (mm)
t = pressure design thickness for the closure, in. (mm)

NCD-3647 Pressure Design of Flanged Joints and
Blanks

NCD-3647.1 Flanged Joints.

(a) Flanged jointsmanufactured inaccordancewith the
standards listed in Table NCA‐7100‐1, as limited by
NCD-3612.1, shall be considered as meeting the require-
ments of NCD-3640.
(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.

NCD-3647.2 Permanent Blanks. The minimum
required thickness of permanent blanks (Figure
NCD-3647.2-1) shall be calculated from the following
equations:

= +t t Am

where

A = sum of mechanical allowances (NCD-3613), in.
(mm)

t = pressure design thickness calculated from the
equation below, in. (mm)

= i
k
jjj y

{
zzzt d P

S
3

166
1 2

where
d6 = the 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)
S = the allowable stress in accordance with

Section II, Part D, Subpart 1, Tables 1A
and 1B, psi (MPa)

tm = minimum required thickness, in. (mm)
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NCD-3647.3 Temporary Blanks. Blanks to be used for
test purposes only shall have a minimum thickness not
less than the pressure design thickness t calculated as
in NCD-3647.2, except that P shall not be less than the
test pressure and the allowable stress S may be taken
as 95% of the specified minimum yield strength of the
blank material (Section II, Part D, Subpart 1, Table Y‐1).

NCD-3647.4 Flanges. Flanges shall be integral or be
attached to pipe by welding, brazing, threading, or
other means within the applicable standards specified
in Table NCA‐7100‐1.

NCD-3647.5 Gaskets.

(a) Gaskets shall be made of materials that are not
injuriously affected by the fluid or by temperatures
within the Design Temperature range.
(b) Only metallic or asbestos metallic gaskets may be

used on flat or raised face flanges if the expected normal
service pressure exceeds 720 psi (5 MPa) or the tempera-
ture exceeds 750°F (400°C). However, compressed sheet
asbestos confined gaskets are not limited as to pressures,
provided the gasket material is suitable for the tempera-
tures.

(c) The use of metal or metal asbestos gaskets is not
limited as to pressure, provided the gasket materials are
suitable for the fluid Design Temperature.

NCD-3647.6 Bolting.

(a) Bolts, stud bolts, nuts, and washers shall comply
with applicable standards and specifications listed in
Table NCA‐7100‐1. Unless otherwise specified, bolting
shall be in accordance with the latest edition of ASME
B16.5. Bolts and stud bolts shall extend completely
through the nuts.
(b) Studs shall be threaded full length or shall be

machined down to the root diameter of the thread in
the unthreaded portion, provided that the threaded
portions are at least 11/2 diameters in length. Studs
greater than 8 diameters in length may have an
unthreaded portion that has the nominal diameter of
the thread, provided the following requirements are met:

(1) the threaded portions shall be at least 11/2
diameters in length;

(2) the stud shall be machined down to the root
diameter of the thread for a minimum distance of 0.5
diameters adjacent to the threaded portion; and

Figure NCD-3647.2-1
Types of Permanent Blanks
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(3) a suitable transition shall be provided between
the root diameter and unthreaded portions.
(c) Carbon steel bolts shall be square or heavy hexagon

head bolts and shall have heavy semifinished hexagon
nuts.
(d) Alloy steel studbolts shall haveheavyhexagonnuts.

Headed alloy bolts are not recommended.
(e) It is recommended that all alloy bolts or stud bolts

and accompanying nuts be threaded in accordance with
ASMEB1.1 Class 2A external threads andClass 2B internal
threads.

NCD-3648 Reducers

Reducer fittings manufactured in accordance with the
standards listed in Table NCA‐7100‐1 shall be considered
suitable for use.Where butt welding reducers aremade to
a nominal pipe thickness, the reducers shall be considered
suitable for use with pipe of the same nominal thickness.

NCD-3649 Pressure Design of Other Pressure-
Retaining Piping Products

Other pressure-retaining piping products manufac-
tured in accordance with the standards listed in Table
NCA‐7100‐1 shall be considered suitable for use in
piping systems at the specified pressure–temperature
ratings. Pressure-retaining piping products not covered
by the standards listed in Table NCA‐7100‐1 and for
which design equations or procedures are not given in
this Subsectionmay be used where the design of similarly
shaped, proportioned, and sized components has been
proven satisfactory by successful performance under
comparable service conditions. Where such satisfactory
service experience exists, interpolation may be made
to other sized piping products with a geometrically
similar shape. In the absence of such service experience,
the pressure design shall be based on an analysis consis-
tent with the general design philosophy of this Subsection
and substantiated by at least one of the following:
(a) proof tests as described in ASME B16.9;
(b) experimental stress analysis (Section III Appen-

dices, Mandatory Appendix II).

NCD-3649.1 Expansion Joints — General Require-
ments. Expansion joints of the bellows, sliding, ball, or
swivel type may be used to provide flexibility for
piping systems. The design of the piping systems and
the design, material, fabrication, examination, and
testing of the expansion joints shall conform to this
Subsection and shall comply with the requirements of
(a) through (e) below.
(a) Piping system layout, anchorage, guiding, and

support shall be such as to avoid the imposition of
motions or forces on the expansion joints other than
those for the absorption of which they are both suitable
and intended. Bellows expansion joints are normally not
designed for absorbing torsion. Sliding expansion joints

are normally not designed for absorbing bending. In
sliding and bellows expansion joints used for absorbing
axial motion, the hydrostatic end force caused by fluid
pressure and the forces caused by either friction resis-
tance or spring force, or both, should be resisted by
rigid end anchors, cross connections of the section
ends, or other means. Where reaction to hydrostatic
end forces acts on pipe, guides shall be provided to
prevent buckling in any direction. For bellows expansion
joints, the pipe guiding and anchorage shall conform to
EJMA Standards.20
(b) The expansion joints shall be installed in such loca-

tions as to be accessible for scheduled inspection and
maintenance and for removal and replacement either
directly or by other suitable means.
(c) Expansion joints employing mechanical seals shall

be sufficiently leak-tight to satisfy safety requirements.
The system designer shall specify the leak-tightness
criteria for this purpose.
(d) Material shall conform to the requirements of

Article NCD-2000, except that no sheet material in the
quenched, aged, or air-hardened condition shall be
used for the flexible elements of a bellows joint. If heat
treatment is required, it shall be performed either
after welding the element into a complete cylinder or
after all forming of the bellows is completed, the only
welding permissible after such treatment being that
required to connect the element to pipe or end flanges.
(e) All welded joints shall comply with the require-

ments of NCD-4800.

NCD-3649.2 Bellows Expansion Joints. Expansion
joints of thebellows typemaybeused toprovide flexibility
for piping systems. The design, material, fabrication,
examination, and testing of the expansion joints shall
conform to this Subsection and the requirements of (a)
through (f) below.
(a) The piping system layout, anchorage, guiding, and

support shall be such as to avoid the impositionofmotions
or forces on the bellows other than those for which they
have been designed.
(b) In all systems containing bellows, the hydrostatic

end force caused by pressure and the bellows spring force
shall be accommodated by or resisted by rigid anchors,
cross connections of the expansion joint ends, or other
means. Where bellows are used in straight pipe sections
to absorb axial motion and where the hydrostatic end
force of the bellows acts on the pipe as a column,
guides must be provided to prevent buckling of the
pipe in any direction. The pipe guiding and anchorage
shall conform to the requirements of the Design Specifi-
cation for the attached piping.
(c) The expansion joints shall be installed in such loca-

tions as to be accessible for scheduled inspection, where
applicable.
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(d) The joints shall be provided with bars or other
suitable members for maintaining the proper face‐to‐
face dimension during shipment and installation.
Bellows shall not be extended or compressed to make
up deficiencies in length or offset to accommodate
connected piping that is not properly aligned, unless
such misalignments have been specified by the system
designer.
(e) The expansion joints shall be marked to show the

direction of flow, if applicable, and shall be installed in
accordance with this marking.
(f) Unless otherwise stated in the Design Specification,

internal sleeves shall be provided when flow velocities
exceed the following values:

(1) Air, Steam, and Other Gases
(-a) up to 6 in. (150 mm) diameter — 4 ft/sec/in.

(0.05 m/s/mm) of diameter
(-b) 6 in. (150mm) diameter and over—25 ft/sec

(7.6 m/s)
(2) Water and Other Liquids
(-a) up to 6 in. (150 mm) diameter — 2 ft/sec/in.

(0.024 m/s/mm) of diameter
(-b) 6 in. (150mm) diameter and over—10 ft/sec

(3 m/s)

NCD-3649.3 Bellows Expansion Joint Material. Pres-
sure-retaining material in the expansion joint shall
conform to the requirements of Article NCD-2000.

NCD-3649.4 Bellows Expansion Joint Design. Bellows
may be of the unreinforced or reinforced convoluted type
or of the toroidal type. The design shall conform to the
requirements of Article NCD-3000 and to those of (a)
through (j) below.
(a) The circumferential membrane stresses in both the

bellows and reinforcing member, due to pressure, shall
not exceed the allowable stresses given in Section II,
Part D, Subpart 1, Tables 1A and 1B.
(b) The sum of the bellows meridional membrane and

bending stresses due to internal pressure shall not exceed
a value that results in a permanent decrease in the spaces
between adjacent convolutions of 7%after a pressure test
of 11/2 times the Design Pressure, adjusted for tempera-
ture.
(c) The ratio of the internal pressure at which the

bellows will become unstable (squirm) to the equivalent
cold service pressure shall exceed 2.25. By definition,
squirm shall be considered to have occurred if under
internal pressure an initially symmetrical bellows
deforms, resulting in a lack of parallelism or uneven
spacing of adjacent convolutions at any point on the
circumference. Unless otherwise specified, this deforma-
tion shall be construed as unacceptable squirm when the
ratio of the maximum convolution pitch under internal
pressure to the convolution pitch before application of
pressure exceeds 1.15 for unreinforced and 1.20 for rein-
forced bellows. In the case of universal expansion joints,

which consist of two bellows joined by a cylindrical
section, compliance with these criteria shall be satisfied
by the entire assembly. No external restraints on the
bellows shall be employed during squirm testing other
than those that will exist after installation.

(1) For single joints used in axial or lateral motion,
thesquirmtestmaybeperformedwith thebellows fixed in
the straight position at the maximum length expected in
service; for rotation and universal joints, the bellows shall
be held at the maximum design rotation angle or offset
movement. In the caseof single joints subjected to rotation
movement or universal joints subjected to lateral offset
movement, an instability condition as previously
defined may or may not appear. Instead, movement of
the convolutions may occur due to the superposition
of the lateral internal pressure component on the
applied rotation. In such cases, that portion of the
bellows deformation due to the design rotation angle
or offset movement shall not be included in the deforma-
tion used to define squirm.

(2) In the case of squirm tests, the equivalent cold
service pressure is defined as the Design Pressure multi-
plied by the ratio Ec/Eh, where Ec and Eh are defined as the
modulus of elasticity of the bellows material at room
temperature and normal service temperature, respec-
tively.
(d) The combination of meridional membrane and

bending stresses S in the bellows due to internal pressure
and deflection,multiplied by a stress factorKs [see Section
III Appendices, Mandatory Appendix II, II-1520(g)], shall
not exceed the value defined by the following equation:

K S Ss f

where

Ks = (Ksc)(Kss), but not less than 1.25
Ksc = factor for differences in design fatigue curves at

temperatures greater than 100°F (38°C)
x = 2Sc/(Sc + Sh)

Kss = factor for the statistical variation in test results
x = 1.470 − 0.044 times the number of replicate tests
S = total combined meridional membrane and

bending stress due to pressure and deflection,
psi (MPa). The calculation of the individual
stress components and their combination must
be determined by the same method as used for
determining Sf. In the case of single joints
subjected to rotation movement and universal
joints subjected to lateral offset movement, the
increase in deflection stress caused by the
lateral internal pressure component shall be
included in determining the combined stress.

Sc = basic material allowable stress value at room
temperature from Section II, Part D, Subpart 1,
Tables 1A and 1B, psi (MPa)
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Sf = total combined stress to failure at design cyclic life
(number of cycles to failure) obtained from plots
of stress versus cyclic life based on data from
fatigue tests of a series of bellows at a given
temperature (usually room temperature) evalu-
ated by a best‐fit continuous curve or series of
curves, psi (MPa). The Sf plot shall be parallel
to the best‐fit curve and shall lie below all of
the data points.

Sh = basic material allowable stress value at normal
service temperature from Section II, Part D,
Subpart 1, Tables 1A and 1B, psi (MPa)

(e) Compliance with (a) through (d) above shall be
demonstrated by any one of the procedures of (1), (2),
or (3) below.

(1) Calculation of the individual stresses, their
combination, and their relation to fatigue life may be
performed by any analytical method based on elastic
shell theory. The resulting equations shall be substan-
tiated by correlation with actual tests of a consistent
series of bellows of the same basic design (unreinforced,
reinforced, and toroidal bellows are considered as sepa-
rate designs) by each manufacturer in order to demon-
strate predictability of rupture pressure, meridional
yielding, squirm, and cyclic life. A minimum of five
burst tests on bellows of varying sizes, with not less
than three convolutions, shall be conducted to verify
that the analytical method will adequately satisfy (a)
and (b) above. No specimen shall rupture at less than
four times its equivalent cold pressure rating. A
minimum of ten squirm tests on bellows of varying
diameters and number of convolutions shall be conducted
to verify that the analytical methodwill adequately satisfy
(c) above. Since column instability ismost likely tooccur in
bellows less than 20 in. (500 mm) diameter, where the
convoluted bellows length is greater than its diameter,
the test specimens shall reflect these considerations. In
the case of universal expansion joints, two additional
tests shall be conducted to verify that the analytical
method will adequately satisfy (c) above. The cyclic life
versus the combined stress plot used in evaluating (d)
shall be obtained from the results of at least 25 fatigue
tests on bellows of varying diameters, thicknesses, and
convolution profiles. These curves may be used for
diameter and convolution profiles other than those
tested, provided that a variation in these dimensions
has been included in the correlation with test data.
Each group of five such tests on varying bellows may
be considered the equivalent of one replicate test in deter-
mining Ks.

(2) Individual expansion joint designsmaybe shown
to comply by the testing of duplicate bellows. At least two
test specimens are required, one to demonstrate pressure
capacity in accordance with (a), (b), and (c) above and the
second to demonstrate fatigue life in accordance with (d)
above. In the case of rupture and fatigue tests, the speci-

mens need not possess a duplicate number of convolu-
tions provided the number of convolutions is not less
than three and the diameter, thickness, depth, and
pitch of the specimen are identical to the part to be furn-
ished; squirm test specimens shall possess the total
number of convolutions.

(-a) Any or all of the above tests of (1) or (2) may
be conducted at room temperature, provided that cold
service pressure is defined as the Design Pressure multi-
plied by the ratio of Sc/Sh for rupture specimens and Ec/Eh
for squirm specimens.

(-b) The fatigue life of the test specimen shall
exceed Ks4.3 times the number of design cycles specified
for the most significant cyclic movements. This test shall
include the effect of internal pressure. If lateral and rota-
tion movements are specified, these may be converted to
equivalent axial motion for cyclic testing; the convolution
deflection produced by the lateral component of the
internal pressure force during the squirm test for
single rotation joints and universal joints shall be
added to the mechanical deflections in determining
fatigue life.Where accelerated fatigue testing is employed,
the deflection and number of cycles required shall be in
accordance with Section III Appendices, Mandatory
Appendix II. Cumulative fatigue requirements canbesatis-
fied in accordance with (g) without additional testing by
assuming that the slope of the fatigue curve is 4.3 and that
the curve passes through the test point.

(3) An individual designmay be shown to comply by
a design analysis in accordance with NCD-3200. The
stresses at every point in the bellows shall be determined
by either elastic shell theoryor by aplastic analysis,where
applicable. Where an elastic analysis is employed, the
stress intensity values of Section II, Part D, Subpart 1,
Tables 2A and 2B, and fatigue curves of Section III Appen-
dices, Mandatory Appendix I may be used to evaluate the
design.

(-a) The stability requirements of (c) may be
demonstrated by either

(-1) elastic stability calculations, provided that
the ratio of the internal pressure at which the bellows is
predicted to become unstable to the equivalent cold
service pressure exceeds 10; or

(-2) the pressure test of NCD-6230, provided
that the test is conducted at 21/4 times the equivalent
cold design pressure, and single rotation and universal
joints are held at their design rotation angle or offset
movement during the test, and the requirements of (b)
are not exceeded by such a test.
(f) The Certificate Holder’s Data Report shall state

which of the above procedures was utilized to verify
the design.
(g) If there are two or more types of stress cycles that

produce significant stresses, their cumulative effect shall
be evaluated as stipulated in Steps 1 through 5 below.
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Step 1. Designate the specified number of times each
stress cycle of types 1, 2, ..., n will be repeated during the
life of the component as n1, n2, ..., nn, respectively.
NOTE: In determiningn1,n2, ...,nn, consideration shall be given to
the superposition of cycles of various origins which produce a
total stress difference S1, S2, ..., Sn greater than the stress differ-
ence of the individual cycles. For example, if one type of stress
cycle produces 1,000 cycles of stress difference variation from 0
to +60,000 psi and another type of stress cycle produces 10,000
cycles of a stress difference variation from 0 to −50,000 psi, the
two types of cycles to be considered are defined by the following
parameters:

(a) Type 1 Cycle:

n1 = 1,000
S1 = (60,000 + 50,000)
x = 110,000 psi

(b) Type 2 Cycle:

n2 = 9,000
S2 = (50,000 + 0) = 50,000 psi

Step 2. For each value S1, S2, ..., Sn, use the applicable
design fatigue curve and corresponding method of
analysis to determine the maximum number of stress
cycles that would be allowable if this type of cycle
were the only one acting. Call these values N1, N2, ...,
Nn. The fatigue curve used may be either the Sf lot
defined in (d) or the curve consistent with (e)(2) or
(e)(3). If the fatigue curve has been developed based
on a total stress difference, then the full value of S1, S2,
..., Sn, of Step 1 must be used to determine N; however,
if the curve is based on an alternating stress, then the
values of S1, S2, ..., Sn shall be reduced by a factor of 2,
in which case S1, S2, ..., Sn become the alternating stresses.

Step 3. For each type of stress cycle, calculate the
usage factors U1, U2, ..., Un, from U1 = n1/N1, U2 = n2/
N2, ..., Un = nn /Nn.

Step 4. Calculate the cumulative usage factor U from
U = U1 + U2 + ... + Un.

Step 5. The cumulative usage factor U shall not
exceed 1.0.
(h) The Certificate Holder shall submit a report which

demonstrates compliance with NCD-3649.
(i) Where necessary to carry the pressure, the cylin-

drical ends of the bellows may be reinforced by suitable
collars. Thedesignmethodused toensure that the stresses
generated will not cause premature failure of the bellows
material or weldment shall include the attachment weld
between the bellows and end connections.
(j) The spring rates of the expansion joint assembly

shall be provided by the Certificate Holder. The spring
rates of a bellows can be defined by several methods
due to thehysteresis loop that canoccurduringdeflection;
a restoring force may be required to return the bellows to
the original neutral position after deflection. When appli-
cable, the Design Specification shall state the maximum

allowable force that can be imposed on the connecting
parts or shall require the Certificate Holder to determine
the maximum force necessary to deflect the bellows a
given distance, such as the maximum movement to be
absorbed.

NCD-3649.5 Metallic Braided Flexible Hoses.Metallic
braided flexible hoses may be constructed in accordance
with Section III Appendices, Nonmandatory Appendix BB.

NCD-3650 ANALYSIS OF PIPING DESIGNS

NCD-3651 General Requirements

(a) The design of the complete piping system shall be
analyzed between anchors for the effects of thermal
expansion, weight, and other sustained and occasional
loads. The system design shall meet the limits of
NCD-3650. The pressure portion of NCD-3652,
eq. (8); NCD-3653.1(a), eq. (9a); and NCD-3653.1(b),
eq. (9b) may be replaced with the expression

=S B Pd
D d

2
LP

o
1

2

2 2

The pressure portion of NCD-3653.2(c), eq. (11)may be
replaced by the expression

=S Pd
D d

LP
o

2

2 2

where the terms are the same as in NCD-3652, except

d = nominal inside diameter of pipe, in. (mm)
P = P or Pmax, psi (MPa)

(b) When evaluating stresses in the vicinity of expan-
sion joints, consideration must be given to actual cross‐
sectional areas that exist at the expansion joint. The pres-
sure term in NCD-3652, eq. (8); NCD-3653.1(a), eq. (9a);
NCD-3653.1(b), eq. (9b); andNCD-3653.2(c), eq. (11)may
not apply for bellows and expansion joints.
(c) For analysis of flanged joints, see NCD-3658.

NCD-3652 Consideration of Design Conditions

The effects of pressure, weight, and other sustained
mechanical loads must meet the requirements of eq. (8)

= +S B B S1.5SL
PD

t
M
Z h1 2 2

o

n

A (8)

where

B1, B2 = primary stress indices for the specific product
under investigation [Table NCD-3673.2(b)-1]

Do = outside diameter of pipe, in. (mm)
MA = resultantmoment loading on cross section due

to weight and other sustained loads, in.‐lb (N‐
mm) (NCD-3653.3)
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P = internal Design Pressure, psi (MPa)
Sh = basic material allowable stress at Design

Temperature, psi (MPa)
tn = nominal wall thickness, in. (mm)
Z = sect ion modulus o f p ipe , in . 3 (mm3)

(NCD-3653.3)

NCD-3653 Consideration of Levels A and B Service
Limits

NCD-3653.1 Occasional Loads.The effects of pressure,
weight, other sustained loads, and occasional loads,
including reversing and nonreversing dynamic loads,
for which Level B Service Limits are designated, must
meet the requirements of either (a) or (b) below.
Design Pressure may be used if the Design Specification
states that peak pressure and earthquake need not be
taken as acting concurrently.
(a) The following requirements shall be met:

= + +( )S B B S1.8OL
P D

t
M M

Z h1 2 2
o

n

A Bmax (9a)

but not greater than 1.5Sy. Terms are the same as in
NCD-3652, except

MB = resultant moment loading on cross section due
to occasional loads, such as thrusts from relief
and safety valve loads from pressure and flow
transients, and reversing and nonreversing
dynamic loads, if the Design Specification
requires calculation of moments due to rever-
sing and nonreversing dynamic loads, in.‐lb
(N‐mm). For reversing and nonreversing
dynamic loads, use only 1/2 the range. Effects
of anchor displacement due to reversing and
nonreversing dynamic loads may be excluded
from eq. (9a) if they are included in either
NCD-3653.2(a), eq. (10a) or NCD-3653.2(c),
eq. (11).

Pmax = peak pressure, psi (MPa)
Sh = material allowable stress at a temperature

consistentwith the loading under consideration,
psi (MPa)

Sy = material yield strength at a temperature consis-
tent with the loading under consideration, psi
(MPa)

(b) As an alternative to (a), for piping fabricated from
material designated as P‐No. 1 through P‐No. 9 in Section
II, PartD, Subpart 1, Table 2A, and limited to (Do/tn) ≤40, if
Level B Service limits are specified, which include rever-
sing dynamic loads (NCD-3622.4) that are not required to
be combined with nonreversing dynamic loads are speci-
fied, the requirements below shall apply.

= + +i
k
jjj y

{
zzzS B B S1.8OL

P D
t

M M
Z h1 2 2

o

n

A Bmax (9b)

but not greater than 1.5Sy. Terms are the same as in
NCD-3652, except

B′2 = as defined in NCD-3655(b)(3)
M′B = resultant moment loading on cross section due

to reversing dynamic loads, in.‐lb (N‐mm). For
reversing dynamic loads, use only 1/2 the
range. Effects of anchor displacement due to
reversing dynamic loads may be excluded
from eq. (9b) if they are included in either
NCD-3653.2(a), eq. (10a) or NCD-3653.2(c),
eq. (11).

Pmax = peak pressure, psi (MPa)
Sh = material allowable stress at a temperature

consistentwith the loading under consideration,
psi (MPa)

Sy = material yield strength at a temperature consis-
tent with the loading under consideration, psi
(MPa)

NCD-3653.2 Thermal Expansion. For Service Loadings
for which Level A and B Service Limits are designated, the
requirements of (b), eq. (10b), and either (a), eq. (10a) or
(c), eq. (11), and must be met.
(a) The effects of thermal expansion must meet the re-

quirements of eq. (10a)

=S SE
iM

Z A
C (10a)

Terms are the same as in NCD-3652 and NCD-3653.1,
except

i = stress intensification factor (NCD-3673.2)
MC = range of resultantmoments due to thermal expan-

sion, in.‐lb (N·mm); also includemoment effects of
anchor displacements due to reversing andnonre-
versing dynamic loads if anchor displacement
effects were omitted from NCD-3653.1(a), eq.
(9a), or NCD-3653.1(b), eq. (9b).

SA = allowable stress range for expansion stresses
(NCD-3611.2), psi (MPa)

(b) The effects of any single nonrepeated anchormove-
ment shall meet the requirements of eq. (10b)

S3.0
iM

Z c
D (10b)

Terms are the same as in NCD-3653.1(a), except

MD = resultant moment due to any single nonrepeated
anchor movement (e.g., predicted building settle-
ment), in.‐lb (N·mm)
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(c) The effects of pressure, weight, other sustained
loads, and thermal expansion shallmeet the requirements
of eq. (11)

= + +

+
( )( )S i i

S S

0.75

( )

TE
PD

t
M
Z

M
Z

h A

4
o

n

A C
(11)

For eq. (11) 0.75i shall not be less than 1.0.

NCD-3653.3 Determination of Moments and Section
Modulus.

(a) For purposes of NCD-3652, eq. (8); NCD-3653.1(a),
eq. (9a); NCD-3653.1(b), eq. (9b); NCD-3653.2(a), eq.
(10a); NCD-3653.2(b), eq. (10b); and NCD-3653.2(c),
eq. (11), the resultant moment for straight through
components, curvedpipe, orweldingelbowsmaybecalcu-
lated as follows:

= + +( )M M M Mj xj yj zj
2 2 2 1 2

where

j = A,B,B′,C, orDwhichare the subscriptsofMA,MB,M′B,
MC, MD defined in NCD-3652, NCD-3653.1, and
NCD-3653.2

(b) For intersections (branch connections or tees),
calculate the resultant moment of each leg separately
in accordance with (a) above. Moments are to be taken
at the junction point of the legs (Figure NCD-3653.3-1)
for full outlet intersections.

(c) For reducedoutlets, calculate the resultantmoment
of each leg separately in accordance with (a) above.
Moments are to be taken at the junction point of the
legs (Figure NCD-3653.3-1), except that for r′m/Rm
< 0.5, the branch moments at the outside surface of
the run pipe may be used for the branch leg.
(d) For intersections, the section modulus used to

determine stresses shall be the effective section modulus

=Z r T( ) for the branch legm b
2

and

=Z R T( ) for the run legsm r
2

where

Rm = run pipe mean cross‐sectional radius, in. (mm)
r′m = branch pipemean cross‐sectional radius, in. (mm)
T′b = nominal branch pipe wall thickness, in. (mm)
Tr = nominal wall thickness of run pipe, in. (mm)

(e) For components and joints other than intersections,
the section modulus used to determine stresses shall be
the classic section modulus

=Z I
D
2

o

where

I = moment of inertia, in.4 ( mm4)
x = 0.0491 (D0

4 − Di
4)

Di = inside diameter, in. ( mm)

NCD-3654 Consideration of Level C Service Limits

NCD-3654.1 Permissible Pressure. When Level C
Service Limits [NCA‐2142.4(b)(3) and NCD-3113(b)]
are specified, the permissible pressure shall not exceed
the pressure Pa , calculated in accordance with
NCD-3641.1, eq. (5), by more than 50%. The calculation
of Pa shall be based on the maximum allowable stress for
the material at the coincident temperature.

NCD-3654.2 Analysis of Piping Components. For
Service Loadings for which Level C Service Limits
[NCA‐2142.4(b)(3) and NCD-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 NCD-3653.1(a), eq. (9a) shall
be met using Service Level C coincident pressure P and
moment (MA + MB), which result in the maximum calcu-
lated stress. The allowable stress to be used for this condi-
tion is 2.25Sh, but not greater than 1.8Sy. Sh and Sy are
defined in NCD-3653.1. In addition, if the effects of
anchor motion, MAM, from reversing dynamic loads are
not considered in NCD-3653, then the requirements of

Figure NCD-3653.3-1
Reducing or Full Outlet Branch Connections, or Tees
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NCD-3655(b)(4) shall be satisfied using 70%of the allow-
able stress given in NCD-3655(b)(4).
(b) As an alternative to (a), for Service Loadings for

which Level C Service Limits are designated, which
include reversing dynamic loads (NCD-3622.4) that are
not required to be combined with nonreversing
dynamic loads (NCD-3622.5), the requirements of
NCD-3655(b) shall be satisfied using the allowable
stress in NCD-3655(b)(2), 70% of the allowable stress
in NCD-3655(b)(3), and 70% of the allowable loads in
NCD-3655(b)(4).

NCD-3654.3 Deformation Limits. Any deformation or
deflection limits prescribed by the Design Specifications
shall be considered with respect to Level C Service Limits.

NCD-3655 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
NCD-3641.1, eq. (5). The calculation of Pa shall be
based on the maximum allowable stress for the material
at the coincident temperature.

(2) The conditions of NCD-3653.1(a), eq. (9a) shall
be met using Service Level D coincident pressure P and
moment (MA + MB), which result in the maximum calcu-
lated stress. The allowable stress to be used for this condi-
tion is 3.0Sh, but not greater than 2.0Sy. Sh and Sy are
defined in NCD-3653.1.

(3) If the effects of anchor motion, MAM, from rever-
sing dynamic loads are not considered in NCD-3653, 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, which include
reversing dynamic loads (NCD-3622.4) that are not
required to be combined with nonreversing dynamic
loads (NCD-3622.5), 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 h2

where

MW = resultant moment due to weight effects, in.‐lb
(N·mm)

Sh = as defined in NCD-3653.1

(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

n

o
E h1 2

where

B2′ = B2 fromTableNCD-3673.2(b)-1, except as follows:
B2′ = 1.33 for girth butt welds between items

that do not have nominally identical wall
thicknesses

x = 0.87/h2/3 for curved pipe or buttwelding
e l b ows [h a s d e f i n e d i n T ab l e
NCD-3673.2(b)-1], 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‐87buttwelding tees [termsasdefined
in Table NCD-3673.2(b)-1], 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 are
obtained, the most conservative combination
shall be assumed.

PE = the pressure occurring coincident with the rever-
sing dynamic load, psi (MPa)

Sh = as defined in NCD-3653.1

(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
M D

I h
F
A h

2 2
AM O

AM

M

where

AM = cross-sectional area of metal in the piping compo-
nent wall, in.2 (mm2)

C2 = secondary stress index from Table NB-3681(a)-1
Sh = as defined in NCD-3653.1
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(5) The use of the 6Sh limit in (4) assumes essentially
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 6Sh taken as
3Sh.

(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 Mandatory Appendix
XXVII with the stress value Sm replaced by the stress
value S 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 NCD-3653.

(2) The loads under consideration are reversing
dynamic loads not in combination with nonreversing
dynamic loads.

NCD-3657 Consideration of Test Limits

For loadings due to the Testing conditions defined in
NCD-6221 and NCD-6321, the limits provided in (a)
through (c) shall apply. The following nomenclature
applies to (a) through (c):

Phtest = the actual hydrostatic test pressure, psi (MPa)
Pptest = the actual pneumatic test pressure, psi (MPa)
Mtest = the moments in the piping system during either

the hydrostatic or pneumatic test, in.-lb (N-mm)

(a) The maximum pressure during a hydrostatic test
(Phtest) shall not exceed the pressure Pa calculated in
accordance with NCD-3641.1, eq. (5). In lieu of S in
NCD-3641.1, eq. (5), 0.9Sy may be used, where Sy is
taken at the test temperature.

(b) The maximum pressure during a pneumatic test
(Pptest) shall not exceed the pressure Pa calculated in
accordance with NCD-3641.1, eq. (5). In lieu of S in
NCD-3641.1, eq. (5), 0.8Sy may be used, where Sy is
taken at the test temperature.
(c) The requirements of NCD-3652, eq. (8) shall bemet

using the coincident test pressure Phtest or Pptest, as appli-
cable, and testmomentMtest,which result in themaximum
calculated stress. In lieuof1.5Sh, the largerof1.5Shor1.1Sy
may be used as the maximum stress permitted for
NCD-3652, eq. (8). Both Sh and Sy are to be taken at
the test temperature.

NCD-3658 Analysis of Flanged Joints

The pressure design of flanged joints is covered by
NCD-3647.1. Flanged joints subjected to combinations
of moment and pressure shall meet the requirements
of either NCD-3658.1, NCD-3658.2, or NCD-3658.3. In
addition, the pipe‐to‐flange welds shall meet the require-
ments of NCD-3651 through NCD-3655 using appropriate
stress intensification factors fromTableNCD-3673.2(b)-1.
The following nomenclature applies for NCD-3658:

Ab = total cross‐sectional area of bolts at root of thread
or section of least diameter under stress, in.2
(mm2)

C = bolt circle diameter, in. (mm)
Df = outside diameter of raised face, in. (mm)
G = diameter at location of gasket load reaction as

defined in Section III Appendices, Mandatory
Appendix XI, XI-3130, in. (mm)

Mfd = bending or torsional moment (considered sepa-
rately) as defined for Mfs but including dynamic
loadings applied to the flanged joint during the
design or service condition, in.‐lb (N‐mm)

Mfs = bending or torsional moment (considered sepa-
rately) applied to the joint due to weight, thermal
expansion of the piping, sustained anchor move-
ments, relief valve steady‐state thrust, and other
sustainedmechanical loads applied to the flanged
joint during the design or service condition, in.‐lb
(N‐mm). If cold springing is used, the moment
may be reduced to the extent permitted by
NCD-3673.5.

P = DesignorServiceConditionPressureasdefined in
NCA‐2140, psi (MPa)

Peq = equivalent pressure to account for the moments
applied to the flange joint during the Condition,
psi (MPa)

Pfd = pressure concurrent with Mfd, psi (MPa)
S = allowable bolt stress for the bolt material, psi

(MPa)
Sy = yield strength, psi (MPa), of flange material at

Design Temperature (Section II , Part D,
Subpart 1, Table Y-1)
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NCD-3658.1 Any Flanged Joint. Flanged joints may be
analyzed and the stresses evaluated by using themethods
given in Section III Appendices,Mandatory Appendix XI as
modified by (a) or by (b). Alternatively, they may be
analyzed in accordance with Section III Appendices, Man-
datory Appendix XIII.
(a) If the flanged joint conforms to one of the standards

listed in Table NCA‐7100‐1, and if each P′, as calculated by
(b) is less than the rated pressure at the Design or Service
Temperature utilized, the requirements of NCD-3658 are
satisfied.
(b) The Design Pressure used for the calculation ofH in

Section III Appendices, Mandatory Appendix XI shall be
replaced by a flange design pressure

= +P P Peq

The equivalent pressure Peq shall be determined by the
greater of

=P M G16eq fs
3

or

=P M G8eq fd
3

NCD-3658.2 Standard Flanged Joints at Moderate
Pressures and Temperatures. Flanged joints conforming
to ASME B16.5, ASME B16.47, or ANSI/AWWAC207 Class
E [275 psi (1.9 MPa)], and used where neither the Design
nor Service Pressure exceeds 100 psi (0.7 MPa) and
neither the Design nor Service Temperature exceeds
200°F (95°C), meet the requirements of NCD-3658,
provided the following equations are satisfied:

M A CS 4fs b
and

M A CS 2fd b

NCD-3658.3 ASME B16.5, Flanged Joints With High
Strength Bolting. Flanged joints using flanges, bolting,
and gaskets as specified in ASME B16.5 and using
bolting material having an S value at 100°F (38°C) not
less than 20,000 psi (140 MPa) may be analyzed in accor-
dance with the following rules:
(a) Design Limits and Levels A and B Service Limits
(1) The pressure shall not exceed the rated pressure

for Level A Service Limits or 1.1 times the rated pressure
for Level B Service Limits.

(2) The limitations given by eqs. (12) and (13) shall
be met

(U.S. Customary Units)

( )M S CA3,125 36,000fs y b (12)

(SI Units)

( )M S CA21.7 250fs y b

(U.S. Customary Units)

( )M S CA6,250 36,000fd y b (13)

(SI Units)

( )M S CA43.4 250fd y b

where the value of Sy/36,000 or (Sy/250) shall not be
taken as greater than unity.
(b) Level C Service Limits
(1) The pressure shall not exceed 1.5 times the rated

pressure.
(2) The limitation given by eq. (17) shall be met

(SI Units)
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ ( )M A D P C S78.1 ( 16) 250fd b f fd y

2 (17)

(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

where the value of Sy/36,000 or (Sy/250) shall not be
taken as greater than unity.
(c) Level D Service Limits
(1) The pressure shall not exceed 2.0 times the rated

pressure.
(2) The limitation given by (b)(2), eq. (17) shall be

met, where Pfd and Mfd are pressures, psi (MPa), and
moments, in.‐lb (N·m), occurring concurrently.
(d) Test Loadings. Analysis for test loadings is not

required.

NCD-3660 DESIGN OF WELDS

NCD-3661 Welded Joints

NCD-3661.1 General Requirements. Welded joints
shall be in accordance with the requirements of
NCD-4200 and NCD-4420 except as limited herein.

NCD-3661.2 Socket Welded Joints.

(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

NCD-4427. Socket welds shall not be used where the exis-
tence of crevices could result in accelerated corrosion.

NCD-3661.3 Fillet Welds and Partial Penetration
Welds for Branch Connections.

(a) Fillet welds and partial penetration welds may be
used within the limitations of NCD-3643.1(c).
(b) For fillet welds, the size of the weld shall be speci-

fied on the design drawings.
(c) For partial penetration welds, the size of the weld,

the depth of theweld groove, and the groove angle shall be
specified on the design drawings.
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Fillet and partial penetration welds should not be used
where severe vibration is expected.

NCD-3670 SPECIAL PIPING REQUIREMENTS

NCD-3671 Selections and Limitations 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.

NCD-3671.1 Flanged Joints. Flanged joints shall
conform to NCD-3647 and NCD-3658.

NCD-3671.2 Expanded or Rolled Joints. Expanded or
rolled joints may be used when experience or test
(NCD-3649) has demonstrated that the joint is suitable
for the Design Loadings and when adequate provisions
are made to prevent separation of the joint.

NCD-3671.3 Threaded Joints. Threaded joints may be
used within the limitations specified in (a), (b), and (c)
below.
(a) All threads on piping products shall be taper pipe

threads in accordance with the applicable standard listed
in Table NCA‐7100‐1. Threads other than taper pipe
threads may be used for piping components where tight-
nessof the jointdependsona sealweldora seating surface
other than the threads and when experience or test
(NCD-3649) has demonstrated that such threads are
suitable.
(b) Threaded joints shall not be used when severe

erosion, crevice corrosion, shock, or vibration is expected
to occur. Size limits for steam and hot water service above
220°F (100°C) shall be as follows:

Maximum Nominal Size, in. (DN) MaximumPressure, psi (MPa)
3 (80) 400 (2.8)
2 (50) 600 (4.1)
1 (25) 1,200 (8.3)

3/4 (20) and less 1,500 (10.3)

(c) Pipewith awall thickness less than that of standard
weight of ASME B36.10M steel pipe shall not be threaded,
regardlessof service.Whensteelpipe is threadedandused
in steam service over 250 psi (1.7 MPa) or water service
above 100 psi (700 kPa) and 220°F (100°C), the pipe shall
be seamless and at least Schedule 80.

NCD-3671.4 Flared, Flareless, and Compression
Joints. Flared, flareless, and compression type tubing
fittings may be used for tube sizes not exceeding 2 in.
(50 mm) O.D. within the limitations of applicable stan-
dards and specifications in Table NCA‐7100‐1 and as
specified in (a) through (e) below.

(a) Fittings and their joints shall be compatiblewith the
tubingwithwhich they are to be used and shall conform to
the range ofwall thicknesses andmethod of assembly rec-
ommended by the manufacturer.
(b) Fittings shall be used at pressure–temperature

ratings not exceeding the recommendations of the manu-
facturer. ServiceConditions, suchasvibrationand thermal
cycling, shall be considered in the application.
(c) All threads on piping products shall be taper pipe

threads in accordance with applicable standards listed in
Table NCA‐7100‐1. Exceptions are that threads other than
taper pipe threads may be used for piping components
where tightness of the joint depends on a seating
surface other than the threads and when experience or
tests (NCD-3649) have demonstrated that such threads
are suitable.
(d) In the absence of standards or specifications, the

designer shall determine that the type of fitting selected
is adequate and safe for theDesignLoadings in accordance
with the following requirements.

(1) The pressure design shallmeet the requirements
of NCD-3649.

(2) Prototypesof the fittings to beused shall success-
fully meet performance tests (NCD-3649) to determine
the safety of the joint under simulated Service Loadings.
When vibration, fatigue, cyclic conditions, low tempera-
ture, thermal expansion, or hydraulic shock are expected,
the applicable conditions shall be incorporated in the test.
(e) Flareless fittings shall be of a design in which the

grippingmember or sleeve shall grip or bite into the outer
surface of the tubewith sufficient strength tohold the tube
against pressure but without appreciably distorting the
inside tube diameter. The gripping member shall also
form a pressure seal against the fitting body.

(1) When using bite‐type fittings, a spot check shall
bemade for adequate depthof bite and condition of tubing
by disassembling and reassembling selected joints.

(2) Grip‐type fittings that are tightened in accor-
dancewithmanufacturer’s instructions need not be disas-
sembled for checking.

NCD-3671.5 Caulked Joints. Caulked or leaded joints
shall not be used.

NCD-3671.6 Brazed and Soldered Joints.

(a) Brazed Joints. Brazed joints shall be socket type, and
the minimum socket depth shall be sufficient for the
intended service, but in no case less than that specified
in Figure NCD-4511-1.
(b) Soldered Joints. Soldered joints shall be socket type

andshall bemade inaccordancewithapplicable standards
listed in Table NCA‐7100‐1.
(c) Limitations of Brazed and Soldered Joints
(1) Brazed socket‐type joints shall not be used in

systems containing flammable or toxic fluids, or in
areas where fire hazards are involved.
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(2) Soldered socket‐type joints shall be limited to
systems containing nonflammable and nontoxic fluids.

(3) Soldered socket‐type joints shall not be used in
piping subject to mechanical or thermal shock, or vibra-
tion.

(4) Brazed or soldered joints depending solely upon
a fillet, rather than primarily upon brazing or soldering
material between the pipe and socket, are not acceptable.

(5) Soldered joints shall be pressure and tempera-
ture rated in accordance with the applicable standards
in Table NCA‐7100‐1, except that they shall not be
used at pressures in excess of 175 psi (1.2 MPa) or at
temperatures in excess of 250°F (120°C).

NCD-3671.7 Sleeve-Coupled and Other Patented
Joints. Mechanical joints for which no ASME standards
exist, and other patented joints may be used, provided
the requirements below are met.
(a) The pressure design shallmeet the requirements of

NCD-3649. Manufacturer’s pressure and temperature
ratings may be used if established in accordance with
the Code.
(b) Either (1), (2), or (3) below is satisfied:
(1) Prototype joints have 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 are anticipated, the applicable condi-
tions shall be incorporated in the tests. The mechanical
joints shall be sufficiently leak tight to satisfy the require-
ment of the Design Specifications. A minimum of three
specimens of each joint shall be tested. The results
may be extrapolated to one-half and 1.5 times the NPS
of the tested fitting.

(2) The supplierhas furnishedevidenceof successful
service experience or testing to an alternate Standard, and
review of the experience or testing confirms that the
service conditions are equivalent to the anticipated condi-
tions in the Design Specification.

(3) The joints are designed in accordance with the
rules of Section III Appendices, Mandatory Appendix XIII.
(c) The piping system stress analysis shall include

appropriate stress intensification factors, flexibility
factors, and fatigue strength reduction factors for the
joint based on (b) above, and developed in accordance
with Section III Appendices, Mandatory Appendix II
and the rules of this Subsection.

NCD-3672 Expansion and Flexibility
NCD-3672.1 General Requirements.

(a) In addition to thedesign requirements for pressure,
weight, and other loadings, piping systems subject to
thermal expansionorcontractionor to similarmovements
imposed by other sources shall be designed in accordance
with the requirements for the evaluation and analysis of
flexibility and stresses specified in this paragraph.

(b) Piping shall meet the expansion and flexibility re-
quirements of this subarticle except that, where Class 3
piping is connected to Class 1 piping, the requirements for
expansion and flexibility for Class 1 piping shall apply to
the Class 3 piping out to the first anchor on the Class 3
piping.However, the effect of expansion stresses in combi-
nation with stresses from other causes shall be evaluated
in accordance with NCD-3650. Other exceptions as stated
in the following subparagraphs shall apply.

NCD-3672.2 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 material
not included in these Tables, reference shall be to author-
itative source data such as publications of the National
Institute of Standards and Technology.

NCD-3672.3 Thermal Expansion Range. The thermal
expansion range shall be determined from Section II,
Part D, Subpart 2, Table TE as the difference between
the unit expansion shown for the highest metal tempera-
ture and that for the lowest metal temperature resulting
from service and shutdown conditions.

NCD-3672.4 Moduli of Elasticity. The cold and hot
moduli of elasticity Ec and Eh shall be as shown in
Section II, Part D, Subpart 2, Table TM for the material
based on the temperatures established in NCD-3672.3.

NCD-3672.5 Poisson’s Ratio. Poisson’s ratio, when
required for flexibility calculations, shall be taken as
0.3 at all temperatures for all materials.

NCD-3672.6 Stresses. Calculations for the stresses
shall be based on the least cross‐sectional area of the
pipe or fitting, using nominal dimensions at the location
of local strain. Calculations for the expansion stress SE
shall be based on the modulus of elasticity at room
temperature Ec.
(a) StressRange. Stresses causedby thermal expansion,

whenof sufficient initialmagnitude, relax in the hot condi-
tion as a result of local yielding or creep. A stress reduction
takesplace andusually appears as a stress of reversed sign
when the component returns to the cold condition. This
phenomenon isdesignatedas self‐springingof the lineand
is similar in effect to cold springing. The extent of self‐
springing depends on the material, the magnitude of
the initial expansion and fabrication stress, the hot
service temperature, and the elapsed time. While the
expansion stress in the hot condition tends to diminish
with time, the sum of the expansion strains for the hot
and cold conditionsduring anyone cycle remains substan-
tially constant. This sum is referred to as the strain range;
however, to permit convenient associationwith allowable
stress, stress range is selected as the criterion for the
thermal design of piping.
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(b) Local Overstrain. All the commonly usedmethods of
piping flexibility analysis assume elastic behavior of the
entire piping system. This assumption is sufficiently accu-
rate for systems in which plastic straining occurs at many
points or over relatively wide regions but fails to reflect
the actual strain distribution in unbalanced systems in
which only a small portion of the piping undergoes
plastic strain or in which, for piping operating in the
creep range, the strain distribution is very uneven. In
these cases, the weaker or higher stressed portions
will be subjected to strain concentrations due to elastic
follow‐up of the stiffer or lower stressed portions. Unba-
lance can be produced

(1) by use of small pipe runs in series with larger or
stiffer pipe, with the small lines relatively highly stressed;

(2) by local reduction in size or cross section, or local
use of a weaker material;

(3) in a systemof uniformsize, by use of a line config-
uration forwhich the neutral axis or thrust line is situated
close to themajor portion of the line itself,with only a very
small offset portion of the line absorbing most of the
expansion strain.
(c) Conditions of this type shall be avoided, particularly

where materials of relatively low ductility are used; if
unavoidable, they shall bemitigatedby the judiciousappli-
cation of cold spring.
(d) It is recommended that thedesignof piping systems

of austenitic steel materials be approached with greater
overall care as to general elimination of local stress
raisers, examination, material selection, fabrication
quality, and erection.

NCD-3672.7 Flexibility. Piping systems shall be
designed to have sufficient flexibility to prevent pipe
movements from causing failure from overstress of the
pipe material or anchors, leakage at joints, or detrimental
distortion of connected equipment resulting from exces-
sive thrusts andmoments. Flexibility shall be provided by
changesofdirection in thepiping through theuseofbends,
loops, or offsets; or provisions shall be made to absorb
thermal movements by utilizing expansion, swivel, or
ball joints or corrugated pipe.

NCD-3672.8 Expansion, Swivel, or Ball Joints. Expan-
sion, swivel, or ball joints, if used, shall conform to the
requirements and limitations of NCD-3649.

NCD-3673 Analysis

NCD-3673.1 Method of Analysis. All systems shall be
analyzed for adequate flexibility by a structural analysis
unless one of the following conditions is met:
(a) The system can be judged technically adequate by

an engineering comparison with previously analyzed
systems.
(b) The operating temperature of the piping system is

at or below 150°F (65°C) and the piping is laid out with
inherent flexibility, as provided in NCD-3672.7.

(c) The operating temperature of the piping system is
at or below 250°F (120°C) and the piping is analyzed for
flexibility using simplified methods of calculation such as
handbooks or charts.

NCD-3673.2 Basic Assumptions and Requirements.

(a) When calculating the flexibility of a piping system
betweenanchorpoints, the systembetweenanchorpoints
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 reducing moments and forces on equipment
or small branch lines, shall be considered.
(b) Comprehensive calculations shall take into account

the flexibility factors found to exist in piping products
or joints other than straight pipe. Credit may be taken
where extra flexibility exists in such products or joints.
Flexibility factors and stress intensification factors for
commonly used piping products and joints are shown
in Tab l e NCD -3673 . 2 ( b ) - 1 [ s e e a l s o F i gu r e
NCD-3673.2(b)-2]. The stress intensification factors
and flexibility factors in Table NCD-3673.2(b)-1 shall
be used unless specific experimental or analytical data
exist that would warrant lower stress intensification
factors or higher flexibility factors.
(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 assuming the component acts
as a beam with the properties of the nominal
pipe. For an elbow, θnom is the nominal rotation
assuming the elbow acts as a curved beam

The flexibility factor k is defined in detail for specific
components in Table NCD-3673.2(b)-1.
(d) Stress intensification factors are identified herein

by i. The definition of a stress intensification factor is
based on fatigue bend testing of mild carbon steel fittings
and is

(U.S. Customary Units)

=iS N245,000 0.2

(SI Units)

=iS N1 700 0.2

where
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i = stress intensification factor
x = ratio of the bending moment producing fatigue in a

givennumber of cycles in a straight pipewith a girth
butt weld to that producing failure in the same
number of cycles in the fitting or joint under consid-
eration.

N = number of cycles to failure
S = amplitude of the applied bending stress at the point

of failure, psi (MPa)

(e) For piping products or joints not listed in
TableNCD-3673.2(b)-1, flexibility or stress intensification
factors shall be established by experimental or analytical
means.
(f) Experimental determination of flexibility factors

shall be in accordance with Section III Appendices, Man-
datory Appendix II, II‐1900. Experimental determination
of stress intensification factors shall be in accordancewith
Section III Appendices, Mandatory Appendix II, Article II‐
2000.
(g) Analytical determination of flexibility factors shall

be consistent with the definition above.
(h) Analytical determination of stress intensification

factors may be based on the empirical relationship
=i C K 2, but not less than 1.02 2

where C2 and K2 are stress indices for Class 1 piping
products or joints from NB‐3681(a)‐1, or are determined
as explained below.
Analytical determination of stress intensification

factors shall be correlated with experimental fatigue
results. Experimental correlation may be with new test
data or with test data from similar products or joints
reported in literature. Finite element analyses or other
stress analysis methods may be used to determine C2;
however, test or established stress concentration factor
data should then be used to determine K2.
(i) For certain piping products or joints the stress

intensification factormay vary depending on the direction
of the applied moment, such as in an elbow or branch
connection. For these cases, the stress intensification
f a c t o r u s e d i n e q s . N C D - 3 6 5 3 . 2 ( a ) ( 1 0 a ) ,
NCD-3653.2(b)(10b) and NCD-3653.2(c)(11) shall be
the maximum stress intensification factor for all
loading directions as determined in accordance with
(f) or (h) above.
(j) Stress intensification factors determined in accor-

dance with (f) above shall be documented in accordance
with Section III Appendices, Mandatory Appendix II, II‐
2050. The test report may be included and certified
with the Design Report [NCA-3211.40(b) and NCA-
3211.40(h)] for the individual piping systemor a separate
report furnished (Section III Appendices, Mandatory
Appendix II, II-2050).

(k) Stress intensification factors determined in accor-
dancewith (h) above shall be documented in a reportwith
sufficient detail to permit independent review. The review
shall be performed by an engineer competent in the ap-
plicable field of design in accordance with Section III
Appendices, Mandatory Appendix XXIII. The report
shall be included and certified as part of the design
report for the piping system [NCA-3211.40(b) and
NCA-3211.40(h)].
(l) The total expansion range as determined from

NCD-3672.3 shall be used in all calculations, whether
or not the piping is cold sprung. Expansion of the line,
linearandangularmovementsof theequipment, supports,
restraints, and anchors shall be considered in the deter-
mination of the total expansion range.
(m) Where simplifying assumptions are used in calcu-

lations or model tests, the likelihood of underestimates of
forces, moments, and stresses, including the effects of
stress intensification, shall be evaluated.
(n) Dimensional properties of pipe and fittings used in

flexibility calculations shall be based on nominal dimen-
sions.
(o) When determining stress intensification factors by

experimental methods, NCD-3653.3(d) shall not apply.
The nominal stress at the point under consideration
(crack site, point of maximum stress, etc.) shall be used.

NCD-3673.3 Cold Springing. The beneficial effect of
judicious cold springing in assisting a system to attain
its most favorable position is recognized. Inasmuch as
the life of a system under cyclic conditions depends on
the stress range rather than the stress level at any one
time, no credit for cold spring is allowed with regard
to stresses. In calculating end thrusts and moments
acting on equipment, the actual reactions at any one
time, rather than their range, shall be used. Credit for
cold springing is allowed in the calculations of thrusts
and moments, provided the method of obtaining the
designed cold spring is specified and used.

NCD-3673.4 Movements. Movement caused by
thermal expansion and loadings shall be determined
for consideration of obstructions and design of proper
supports.

NCD-3673.5 Computing Hot and Cold Reactions.

(a) In a piping system with no cold spring or an equal
percentageof cold springing in all directions, the reactions
of Rh and Rc, in the hot and cold conditions, respectively,
shall be obtained from the reaction R derived from the
flexibility calculations based on the modulus of elasticity
at room temperature Ec using eqs. (14) and (15)

=
i
k
jjjj

y
{
zzzz( )R C R1h

E
E

2
3

h

c
(14)
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Figure NCD-3673.2(b)-2
Branch Connection Nomenclature

(a) (b)

(c) (d)

Branch pipe

 n # 45 deg

Tb = T ’b + 0.667y

n < 45 deg

Offset
Offset

Branch

Branch pipe

n = 90 deg
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2
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Legend:

do = outside diameter of branch pipe, in. (mm)
L1 = height of nozzle reinforcement for branch connection, in. (mm)
r2 = designated radius for reinforced branch connection, in. (mm)
Rm = mean radius of run pipe, in. (mm)
r′m = mean radius of branch pipe, in. (mm)
rp = outside radius of reinforced branch connection, in. (mm)

T′b = nominal thickness of branch pipe, in. (mm)
Tb = nominal thickness of the reinforcedpipe, in.

(mm)
Tr = nominal thickness of run pipe, in. (mm)
y = slope offset distance, in. (mm)

ϴn = transition angle of branch reinforcement,
deg
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whichever is greater, and with the further condition that
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c

h

where

C = cold spring factor varying from zero for no cold
spring to 1.00 for 100% cold spring

Ec = modulus of elasticity in the cold condition, psi
(MPa)

Eh = modulus of elasticity in the hot condition, psi
(MPa)

R = maximum reaction for full expansion range
based on Ec that assumes the most severe
condition (100% cold spring, whether such
is used or not), lb (N)

Rc, Rh = maximum reactions estimated to occur in the
cold and hot conditions, respectively, lb (N)

SE = computed expansion stress, psi (MPa)
[NCD-3653.2(a)]

(b) If a piping system is designedwith different percen-
tages of cold spring in various directions, (a)(14) and
(a)(15) are not applicable. In this case, the piping
system shall be analyzed by a comprehensive method.
The calculated hot reactions shall be based on theoretical
cold springs in all directions not greater than two‐thirds of
the cold springs as specified or measured.

NCD-3673.6 Reaction Limits. The reactions computed
shall not exceed limits that the attached equipment can
safely sustain.

NCD-3674 Design of Pipe Supports

Pipe supports shall be designed in accordance with the
requirements of Subsection NF.

NCD-3677 Pressure Relief Piping

NCD-3677.1 General Requirements. Pressure relief
piping within the scope of this subarticle shall be
supported to sustain reaction forces and shall conform
to the requirements of the following subparagraphs.

NCD-3677.2 Piping to Pressure-Relieving Safety
Devices.

(a) Piping that connects a pressure relief device to a
piping system shall comply with all the requirements
of the Class of piping of the system that it is designed
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 NCD-7142.

NCD-3677.3 Discharge Piping From Pressure-
Relieving Safety Devices.

(a) Discharge piping from pressure relief devices shall
comply with the requirements of the Class of piping ap-
plicable to the conditions under which it operates.
(b) There shall be no intervening stop valves between

theprotectivedeviceordevices and thepoint of discharge,
except as provided for in NCD-7142.
(c) When discharging directly to the atmosphere,

discharge shall not impinge on other piping or equipment
and shall be directed away fromplatforms andother areas
used by personnel.
(d) It is recommended that individual discharge lines

be used. For requirements on discharge piping, see
NCD-7141(f).
(e) Discharge lines from pressure-relieving safety

devices within the scope of this subarticle shall be
designed to facilitate drainage.
(f) When the umbrella or drip pan type of connection is

used, the discharge piping shall be so designed as to
prevent binding due to expansion movements. Drainage
shall be provided to remove water collected above the
safety valve seat.

NCD-3678 Temporary Piping Systems

Prior to service of piping systems and associated equip-
ment, certain temporarypipingmaybe installed to accom-
modate cleaning by blowing out with steam or air, or by
acid or caustic fluid circulation, or other flushingmethods.
Such temporary piping shall be designed to safeguard
against rupture or other failure that could become a
hazard to health or safety.

NCD-3690 DIMENSIONAL REQUIREMENTS FOR
PIPING PRODUCTS

NCD-3691 Standard Piping Products

Dimensions of standard piping products shall comply
with the standards and specifications listed in Table
NCA‐7100‐1.

NCD-3692 Nonstandard Piping Products

The dimensions of nonstandard piping products shall
be such as to provide strength and performance equiva-
lent to standard products, except as permitted in
NCD-3641.

NCD-3700 ELECTRICAL AND MECHANICAL
PENETRATION ASSEMBLIES

NCD-3720 DESIGN RULES

(a) The design of the pressure-retaining portion of
electrical and mechanical penetration assemblies shall
be the same as for vessels (NCD-3300).
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(b) For closing seams in electrical and mechanical
penetration assemblies meeting the requirements of
NCD-4730(c), the closure head shall meet the require-
ments of NCD-3325 using a factor C = 0.20. The fillet
weld shall be designed using an allowable stress of 0.5S.

NCD-3800 DESIGN OF ATMOSPHERIC
STORAGE TANKS

NCD-3810 GENERAL REQUIREMENTS

NCD-3811 Acceptability

The requirements for acceptability of atmospheric
storage tanks are given in the following subparagraphs.

NCD-3811.1 Scope. The design rules for atmospheric
storage tanks cover vertical cylindrical flat bottom
above ground welded tanks at atmospheric pressure.
The tanks may contain liquids such as refueling water,
condensate, borated reactor coolant, or liquid radioactive
waste. Such tanks may be within building structures,
depending upon the liquid to be contained, or they
may be above grade exposed to atmospheric conditions.
NOTE: These rules do not limit storage tanks from being
installed below grade or below ground, provided the tanks
are not subject to external pressure resulting from earth or fill.

NCD-3811.2 DesignRequirements.Thedesign rules for
atmospheric storage tanks shall conform to the design re-
quirements of NCD-3100 and NCD-3300, except as they
may be modified by the requirements of this subarticle.
For Class 2 construction, the design requirements of
NCD-3200 may be used instead of the requirements of
NCD-3800. For Class 2 construction, the joint efficiency,
E, shall always be taken as 1. For Class 3 storage tanks, the
joint efficiency, E, shall be based on the requirements of
NCD-3352. The specific design requirements shall be
stipulated in the Design Specifications.

NCD-3812 Design Report

The Certificate Holder manufacturing a storage tank
conforming to the design requirements of this subarticle
is required to provide a Design Report as part of their
responsibility for achieving structural integrity of the
tank. The Design Report shall be certified when required
by NCA-3211.40(h).

NCD-3820 DESIGN CONSIDERATIONS

NCD-3821 Design and Service Conditions

(a) Loadings shall be identified as Design or Service,
and if Service they shall have Level A, B, C, or D
Service Limits designated (NCA-2142).
(b) The provisions of NCD-3110 shall apply.
(c) The stress limits given in NCD-3821.5 shall be met.

NCD-3821.1 Design Pressure. The Design Pressure
shall be atmospheric.
The limitation of the Design Pressure to atmospheric is

not intended to preclude the use of these tanks at vapor
pressure slightly above or below atmospheric within the
range normally required to operate vent valves. If these
pressures or vacuums exceed 0.03 psig (0.2 kPa gage),
especially in combination with large diameter tanks,
the forces involved may require special consideration
in the design.

NCD-3821.2 Design Temperature. The Design
Temperature shall not be greater than 200°F (95°C).

NCD-3821.3 Loadings.The requirements of NCD-3111
shall be met.

NCD-3821.4 Welded Joint Restrictions. The restric-
tions given in (a) through (c) below on type and size
of joints or welds shall apply.
(a) Tack welds shall not be considered as having any

strength value in the finished structure.
(b) The minimum size of fillet welds shall be in accor-

dance with NCD-4246.6.
(c) All nozzle welds shall be in accordance with

NCD-4246.5.

NCD-3821.5 Limits of Calculated Stresses for Design
and Service Loadings. Stress14 limits for Design and
Service Loadings are specified in Table NCD-3821.5-1.
The symbols used in Table NCD-3821.5-1 are defined
as follows:

S = allowable stress value given in Section II, Part D,
Subpart 1, Tables 1A, 1B, and 3, psi (MPa). The
allowable stress shall correspond to the highest
metal temperature at the section under considera-
tion during the loading under consideration.

σb = bending stress, psi (MPa). This stress is equal to
the linear varying portion of the stress across the
solid section under consideration. It excludes
discontinuities and concentrations, and is
produced only by pressure and other mechanical
loads.

σL = localmembrane stress, psi (MPa). This stress is the
same as σm, except that it includes the effect of
discontinuities.

σm = general membrane stress, psi (MPa). This stress is
equal to the average stress across the solid section
under consideration. It excludes discontinuities
and concentrations, and is produced only by pres-
sure and other mechanical loads.

Typical examplesof locationsand loadings forwhichσm,
σL, and σb are applicable are shown in Section III Appen-
dices, Mandatory Appendix XIII, Table XIII-2600-1, with σ
considered as equivalent to P in Section III Appendices,
Mandatory Appendix XIII, Table XIII-2600-1.
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NCD-3830 BOTTOM DESIGN

NCD-3831 Plate Sizes

(a) All bottom plates shall have a minimum nominal
thickness of 1/4 in. (6 mm) exclusive of any corrosion
allowance required by the Design Specifications.
(b) Bottom plates shall be ordered of sufficient size so

that, when trimmed, at least a 1 in. (25 mm) width will
project beyond the outside edge of the weld attaching the
bottom to the shell plate.
(c) The type of foundation used for supporting the tank

shall be taken into account in the design of the bottom
plates andwelds. For recommendedpractice for construc-
tion of foundations, see API‐650, Appendix B.

NCD-3832 Methods of Construction

Bottoms shall be built to either one of the alternative
methods of construction given in NCD-4246.1.

NCD-3833 Shell‐to‐Bottom Attachment

The requirements for shell‐to‐bottom attachments are
given in NCD-4246.2.

NCD-3840 SHELL DESIGN

NCD-3841 Loads

(a) Thicknesses shall be computed on the basis of the
specific gravity of the stored material, but in no case shall
the specific gravity be less than 1.00. The tension in each
ring shall be computed 12 in. (300 mm) above the center-
line of the lower horizontal joint of the course in question.
In computing these stresses, the tank diameter shall be
taken as the nominal diameter of the bottom course.

(b) Isolated radial loads on tank shells, such as caused
by heavy loads on platforms and elevated walkways
between tanks, shall be distributed by rolled structural
sections, plate ribs, or built‐up members, preferably in
a horizontal position.

NCD-3842 Diameters and Thicknesses of Shell
Plates

(a) For method of determining minimum thicknesses
of shell plates, see NCD-3324.3 (and NCD-3121). See
NCD-2121 for pressure-retaining material.
(b) In no case shall the nominal thickness21 of shell

plates be less than the following:

Ferrous Material
For Class 3 Only —
Aluminum Material

Nominal
Tank

Diameter,
ft (m)

[Note (1)]

Nominal
Thickness, in.

(mm)

Nominal
Tank

Diameter,
ft (m)

[Note (1)]

Nominal
Thickness, in.

(mm)
Smaller than
50 (15)

3/16 (5) Smaller than
20 (6)

3/16 (5)

50 to 120
(15 to 37),
incl.

1/4 (6) 20 to 120
(6 to 37),
incl.

1/4 (6)

NOTE: (1) Nominal tank diameter shall be the centerline
diameter of the shell plates, unless otherwise stipulated in
the Design Specifications.

(c) The maximum nominal thickness of tank shell
plates shall be 11/2 in. (38 mm).

NCD-3843 Arrangement of Members

(a) The tank shell shall be designed to have all courses
vertical. Unless otherwise specified, abutting shell plates
at horizontal joints shall have a common vertical center
line of thickness. Vertical joints in adjacent shell courses
shall notbe inalignmentbut shall beoffset fromeachother
a minimum distance of 6 in. (150 mm).
(b) Except as specified for self‐supporting roofs and for

tanks having the flanged roof‐to‐shell detail described in
(c) below, tank shells shall be supplied with top angles of
not less than the following sizes: tanks 35 ft (11 m) and
smaller indiameter, 21/2 in. ×21/2 in. × 1/4 in. (64mm×64
mm × 6mm); tanks of more than 35 ft to 60 ft (11 m to 18
m), inclusive, in diameter, 21/2 in. × 21/2 in. × 5/16 in. (64
mm × 64 mm × 8 mm); tanks larger than 60 ft (18 m) in
diameter, 3 in. × 3 in. × 3/8 in. (75mm × 75mm × 10mm).
The outstanding leg of the top angle may extend inside or
outside the tank shell.
(c) See (1) and (2).
(1) For tanks not exceeding 35 ft (11 m) in diameter

and having supported cone roofs, the top edge of the shell
may be flanged in lieu of installing a top angle. The radius

Table NCD-3821.5-1
Design and Service Limits

Service Limit Stress Limits [Notes (1), (2)]
Design and Level A σm ≤ 1.0S

(σm or σL) + σb ≤ 1.5S

Level B σm ≤ 1.10S
(σm or σL) + σb ≤ 1.65S

Level C σm ≤ 1.5S
(σm or σL) + σb ≤ 1.8S

Level D σm ≤ 2.0S
(σm or σL) + σb ≤ 2.4S

NOTES:
(1) See NCD-3821.5 for definitions of symbols.
(2) These limits do not take into account either local or general buck-

ling which might occur in thin wall vessels.
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of bend and thewidth of the flanged edge shall conform to
the details of Figure NCD-4246.3-1 sketch (c).

(2) This construction may be used for any tank
having a self‐supporting roof if the total cross‐sectional
area of the junction fulfills the stated area requirements
for the topangle construction.Noadditionalmember, such
as an angle or bar, shall be added to the flanged roof‐to‐
shell detail.
(d) For tanks not exceeding 35 ft (11 m) in diameter

and having a supported flat roof, the roof plates may be
flanged and butt welded to the shell. The flanged tank roof
plates shall be butt welded. The inside radius of the
knuckle shall not be less than 1.75t nor more than 8t.

NCD-3850 ROOF DESIGN

NCD-3851 Types of Roofs

The types of roofs are defined in the following subpar-
agraphs.

NCD-3851.1 Supported Cone Roof. A supported cone
roof is a roof formed to approximately the surface of a
right cone, with its principal support provided by
either rafters on girders and columns or rafters on
trusses with or without columns.

NCD-3851.2 SupportedFlatRoof.Asupported flat roof
is a roof that is essentially flat, with its principal support
provided by either rafters supported by the shell without
columns or by rafters in conjunction with girders and
trusses with or without columns.

NCD-3851.3 Self‐Supporting Cone Roof. A self‐
supporting cone roof is a roof formed to approximately
the surface of a right cone, supported only at its periphery.

NCD-3851.4 Self‐Supporting Dome Roof. A self‐
supporting dome roof is a roof formed to approximately
a spherical surface, supported only at its periphery.

NCD-3851.5 Self‐Supporting Umbrella Roof. A self‐
supporting umbrella roof is a modified dome roof so
formed that any horizontal section is a regular polygon
with as many sides as there are roof plates, supported
only at its periphery.

NCD-3852 General Roof Design Requirements

NCD-3852.1 Loading Requirements. All roofs and
supporting structures shall be designed to support
dead load, plus a uniform live load of not less than 25
lb/ft2 (1.2 kPa) of projected area unless otherwise speci-
fied, except that tanks installed in an enclosed area, not
exposed to the elements, shall be designed to support the
dead load plus a uniform live load of not less than 10 lb/ft2
(0.5 kPa).

NCD-3852.2 Minimum Plate Thickness. Roof plates
shall have a minimum nominal thickness of 3/16 in.
(5 mm). A greater thickness may be required for self‐

supporting roofs. Any specified corrosion allowance for
the plates of self‐supporting roofs shall be added to calcu-
lated thickness. Any specified corrosion allowance for
plates of supported roofs shall be added to the
minimum nominal thickness.

NCD-3852.3 Minimum Thickness of Supporting
Members. All internal and external structural members
shall have a minimum nominal thickness, in any compo-
nent, of 0.17 in. (4 mm).

NCD-3852.4 Attachment of Roof Plates. Roof plates
shall be attached to the top angle of the tank in accordance
with NCD-4246.3. Roof plates of supported roofs shall not
be attached to internal supporting members.

NCD-3852.5 Welding of Roof Plates.

(a) If the continuous fillet weld between the roof plates
and the top angle does not exceed 3/16 in. (5 mm) and the
slope of the roof at the top angle attachment does not
exceed 2 in./ft (167 mm/m) (16.7%), the joint may be
considered to serve as an emergency venting device
which, in case of excessive internal pressure, will fail
before failure occurs in the tank shell joints or the
shell‐to‐bottom joint. Failure of the roof‐to‐shell joint
may be accompanied by buckling of the top angle.
(b) Where the weld size exceeds 3/16 in. (5 mm) or

where the slope of the roof at the top angle attachment
is greater than 2 in./ft (167 mm/m) (16.7%), emergency
venting devices conforming to the specifications noted in
API Standard 200022 shall be provided. The Certificate
Holder shall provide a suitable tank connection for the
device.
(c) Roof plates shall be welded in accordance with

NCD-4246.4.

NCD-3852.6 Allowable Stresses for Ferrous Steel
Structures. All parts of the structure shall be so propor-
tioned that the sum of the static stresses shall not exceed
the values given in (a) through (d) below. The decrease in
yield stress at Design Temperature shall be taken into
account.
(a) Tension
(1) in rolled steel, on net section, 20.0 ksi (138MPa);
(2) in full penetration groove welds on the thinner

plate area, 18.0 ksi (124 MPa).
(b) Compression
(1) in rolled steel, where lateral deflection is

prevented, 20.0 ksi (138 MPa);
(2) in full penetration groove welds on the thinner

plate area, 20.0 ksi (138 MPa);
(3) in columns, on cross‐sectional area, ksi (MPa)
For L/r not over 120

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑ
L r CY

1
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where

C = 33 for U.S. Customary calculations
x = 228 for SI calculations

For L/r over 120 to 131.7, inclusive
Ä

Ç
ÅÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑÑ

L r

1

1.6 200

L r CY( )
34,700 DF

2

where

C = 33 for U.S. Customary calculations
x = 228 for SI calculations

For L/r over 131.7
CY

L r L r

( )

( ) (1.6 200 )2

where

C = 149,000 for U.S. Customary calculations
x = 1.03 × 106 for SI calculations
DF = design factor

x =
+
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3
( / )

350
( / )

18,300,000

3

L = unbraced length of column, in. (mm)
R = outside radius of tubular section, in. (mm)
r = least radius of gyration of column, in. (mm)
t = thickness of tubular section, in. (mm); 1/4 in.

(6mm)minimumformain compressionmembers,
3/16 in. (5 mm) minimum for bracing and other
secondary members

Y = 1.0 for structural sections or tubular sections
having t/R values equal to or exceeding 0.015

x = (200/3)(t/R)[2 − (200/3)(t/R)] for tubular sections
having t/R values less than 0.015

For main compression members, the ratio L/r shall
not exceed 180. For bracing and other secondary
members, the ratio L/r shall not exceed 200.
(c) Bending
(1) in tension and compression on extreme fibers of

rolled shapes and built‐up members with an axis of
symmetry in the plane of loading, where the laterally
unsupported length of compression flange is no
greater than 13 times its width, the compression
flange width–thickness ratio does not exceed 17, and
the web depth–thickness ratio does not exceed 70,
22.0 ksi (152 MPa);

(2) in tension and compression on extreme fibers of
unsymmetricalmembers,where themember is supported
laterally at intervals no greater than 13 times its compres-
sion flange width, 20.0 ksi (138 MPa);

(3) in tension on extreme fibers of other rolled
shapes, built‐up members, and plate girders, 20.0 ksi
(138 MPa);

(4) in compression on extreme fibers of other rolled
shapes, plate girders, andbuilt‐upmembershavinganaxis
of symmetry in the plane of loading, the larger value
computed by the following, ksi (MPa)

(U.S. Customary Units)

i
k
jjj y

{
zzzl

r
20.0

0.571
1,000

2

(SI Units)

i
k
jjj y

{
zzzl

r
138

3.94
1 000

2

or

(U.S. Customary Units)

( )ld A

12,000
20.0

f

(SI Units)

( )ld A

83 000
138

f

where

Af = area of compression flange, in.2 (mm2)
d = depth of section, in. (mm)
l = unbraced length of compression flange, in. (mm)
r = radius of gyration of section about an axis in the

plane of loading, in. (mm)

Compression on extreme fibers of other unsymme-
trical sections, ksi (MPa)

(U.S. Customary Units)

( )ld A

12,000
20.0

f

(SI Units)

( )ld A

83 000
138

f
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(d) Shearing
(1) in fillet, plug, slot, and partial penetration groove

welds across throat area, 13.6 ksi (93.8 MPa)
(2) on the gross area of the webs of beams and

girders, when t is the thickness of the web, in. (mm),
and h, the clear distance between web flanges, in.
(mm), is notmore than 60t, orwhen theweb is adequately
stiffened, 13.0 ksi (89.6 MPa)

(3) on the gross area of the webs of beams and
girders, if the web is not stiffened so that h is more
than 60t, the greatest average shear V/A, ksi (MPa),
shall not exceed

(U.S. Customary Units)

+ h t
19.5

1 7,2002 2

(SI Units)

+ h t
134

1 7 2002 2

where

A = the gross area of the web, in.2 (mm2)
V = the total shear, kips (N)

NCD-3852.7 For Class 3 Aluminum Storage Tanks
Only — Allowable Stresses for Aluminum Structures.
All parts of the structure shall be so proportioned that
the sum of the static stresses shall not exceed the allow-
able stresses given in Tables NCD-3852.7-1 through
NCD-3852.7-6.

NCD-3853 Supported Cone Roofs — General
Requirements

NCD-3853.1 Slope of Roof. The slope of the roof shall
be 3/4 in./ft (62 mm/m) (6.25%) or greater. If the rafters
are set directly on chord girders, producing slightly
varying rafter slopes, the slope of the flattest rafter
shall conform to the specified roof slope.

NCD-3853.2 Main Supporting Members. Main
supporting members, including those supporting the
rafters, may be rolled or fabricated sections or trusses.
Although these members may be in contact with the
roof plates, the compression flange of a member or the
top chord of a truss shall be considered to receive no
lateral support from the roof plates and shall be laterally
braced, if necessary, by other acceptable methods. The
allowable stresses in these members shall be governed
by NCD-3852.6.

NCD-3853.3 Design of Rafters. Structural members,
serving as rafters, may be rolled or fabricated sections
but in all cases shall conform with the rules of
NCD-3852 through NCD-3853. Rafters in direct contact
with the roof plates applying the loading to the rafters
may be considered to receive adequate lateral support
fromthe frictionbetween the roof plates and the compres-
sion flanges of the rafters, with the following exceptions:
(a) trusses and open web joints used as rafters;
(b) rafters having a nominal depth greater than 15 in.

(375 mm);
(c) rafters having a slope greater than 2 in./ft

(167 mm/m) (16.7%).

NCD-3853.4 Spacing of Rafters. Rafters shall be
spaced so that, in the outer ring, their centers shall not
be more than 6.28 ft (1.9 m) apart, measured along
the circumference of the tank. Spacing on inner rings
shall not be greater than 51/2 ft (1.7 m).

NCD-3853.5 Roof Columns. Roof columns shall be
made from structural shapes or pipe.

NCD-3853.6 Attachment of Rafter Clips and Column
Base Clip Guides. Rafter clips for the outer row of
rafters shall be welded to the tank shell. Column base
clip guides shall be welded to the tank bottom to
prevent lateralmovementof columnbases.All other struc-
tural attachments shall be either bolted or welded.

Table NCD-3852.7-1
For Class 3 Aluminum Storage Tanks Only— Allowable

Tensile Stresses for Roof Supports
Tension on Net Section

Alloy
and

Temper

Maximum
Temperature,

°F (°C)

Allowable Stress, ksi (MPa)

Cross Sections Farther
Than 1 in. (25 mm)
From Any Weld

Cross
Sections

Within 1 in.
(25mm)of a

Weld
6061‐
T6

To 100 (38) 19 (131) 11 (76)
[Note (1)]

150 (65) 19 (131) 11 (76)
[Note (1)]

200 (95) 18 (124) 10.5 (72)
[Note (1)]

6063‐
T6

To 100 (38) 15 (103) 6.5 (45)

150 (65) 14.5 (100) 6.5 (45)
200 (95) 14 (97) 6 (41)

NOTE: (1) These allowable stresses apply to all material weldedwith
5556or5356 filler alloy for temperaturesnot exceeding150°F (65°C),
and to material 3/8 in. (10mm) or less in thickness welded with 4043
or 5554 filler alloy. For thicker material welded with 4043 or 5554
filler alloy, these allowable stresses shall be reduced by multiplying
them by 0.8.
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Table NCD-3852.7-2
For Class 3 Aluminum Storage Tanks Only — Allowable Axial Compression Stresses for Roof Supports

Alloy and
Temper

Maximum
Temp.,
°F (°C)

Cross Sections Farther Than 1.0 in. (25 mm) From Any Weld
Allowable Stress for
Slenderness Less

Than S1,
ksi (MPa)

Slenderness
Limit, S1

Allowable Stress for
Slenderness Between
S1 and S2, ksi (MPa)

Slenderness
Limit, S2

Allowable Stress for
Slenderness Greater
Than S2, ksi (MPa)

6061‐T6

To 100 (38) 19 (131) = 10L
r

20.4 0.135 L
r

= 67L
r L r

51,000

( )2

( )140 0.930 L
r

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑL r
351 000

( )2

150 (65) 19 (131) = 8.9L
r

20.2 0.135 L
r

= 67L
r L r

50,000

( )2

( )140 0.930 L
r

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑL r
345 000

( )2

200 (95) 18 (124) = 14L
r

19.8 0.133 L
r

= 67L
r L r

49,000

( )2

( )136 0.916 L
r

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑL r
335 000

( )2

6063‐T6

To 100 (38) 13.5 (93) = 11L
r

14.4 0.080 L
r

= 80L
r L r

51,000

( )2

( )99.2 0.551 L
r

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑL r
351 000

( )2

150 (65) 13 (90) = 11L
r

13.8 0.076 L
r

= 81L
r L r

50,000

( )2

( )95.1 0.524 L
r

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑL r
345 000

( )2

200 (95) 12.5 (86) = 11L
r

13.3 0.073 L
r

= 82L
r L r

49,000

( )2

( )91.6 0.503 L
r

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑL r
335 000

( )2

6061‐T6

To 100 (38) 11 (76) [Note (1)] ... 11 (76) [Note (1)] = 68L
r

[Note (2)]
L r
51,000

( )2

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑL r
351 000

( )2

150 (65) 11 (76) [Note (1)] ... 11 (76) [Note (1)] = 67L
r

[Note (2)]
L r
50,000

( )2

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑL r
345 000

( )2

200 (95) 11 (76) [Note (1)] ... 11 (76) [Note (1)] = 67L
r

[Note (2)]
L r
49,000

( )2

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑL r
335 000

( )2

ASME BPVC.III.1.NCD-2023

193

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.1.

NCD (A
SME BPVC Sec

tio
n I

II D
ivis

ion
 1 

Sub
se

cti
on

 N
CD) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NCD (ASME BPVC Section III Division 1 Subsection NCD) 2023.pdf


Table NCD-3852.7-2
For Class 3 Aluminum Storage Tanks Only — Allowable Axial Compression Stresses for Roof Supports (Cont’d)

Alloy and
Temper

Maximum
Temp.,
°F (°C)

Cross Sections Farther Than 1.0 in. (25 mm) From Any Weld
Allowable Stress for
Slenderness Less

Than S1,
ksi (MPa)

Slenderness
Limit, S1

Allowable Stress for
Slenderness Between
S1 and S2, ksi (MPa)

Slenderness
Limit, S2

Allowable Stress for
Slenderness Greater
Than S2, ksi (MPa)

6063‐T6

To 100 (38) 6.5 (45) ... 6.5 (45) = 88L
r L r

51,000

( )2

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑL r
351 000

( )2

150 (65) 6.5 (45) ... 6.5 (45) = 88L
r L r

50,000

( )2

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑL r
345 000

( )2

200 (95) 6 (41) ... 6 (41) = 90L
r L r

49,000

( )2

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑL r
335 000

( )2

GENERAL NOTES:
(a) L = length of column between points of lateral support or twice the length of a cantilever column, except where analysis shows that a shorter

length can be used, in. (mm)
(b) r = least radius of gyration of column, in. (mm)

NOTES:
(1) The allowable stresses apply to all material welded with 5556 or 5356 filler alloy for temperatures not exceeding 150°F (65°C), and to

material 3/8 in. (10mm) or less in thicknessweldedwith 4043 or 5554 filler alloy. For thickermaterial weldedwith 4043 or 5554 filler alloy,
these allowable stresses shall be reduced by multiplying them by 0.8. Allowable stresses not markedwith a number in parentheses apply to
material welded with either 5556 or 5356 filler alloy for temperatures not exceeding 150°F (65°C), or either 4043 or 5554 filler alloy.

(2) These slenderness limits apply to all material welded with 5556 or 5356 filler alloy for temperatures not exceeding 150°F (65°C), and to
material 3/8 in. (10mm) or less in thicknessweldedwith 4043 or 5554 filler alloy. For thickermaterial weldedwith 4043 or 5554 filler alloy,
these slenderness limitsmust be adjusted to correspond to the reduced values ofmaximumallowable stresses indicated in [Note (1)] above.
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Table NCD-3852.7-4
For Class 3 Aluminum Storage Tanks Only — Allowable Shear Stresses for Roof Supports

Shear in Webs of Beams and Girders

Alloy and
Temper

Maximum
Temp., °F (°C)

Cross Sections Farther Than 1.0 in. (25 mm) From Any Weld
Cross SectionsWithin 1.0 in. (25 mm)

of a Weld

Allowable
Stress for
Slender-
ness Less
Than S1,
ksi (MPa)

Slender-
ness Limit,

S1

Allowable
Stress for
Slenderness

Between S1 and
S2, ksi (MPa)

Slender-
ness Limit,

S2

Allowable
Stress for
Slender-
ness

Greater
Than S2,
ksi (MPa)

Allowable
Stress for
Slenderness
Less Than
S1, ksi (MPa)

Slender-
ness Limit,

S1

Allowable
Stress for
Slender-
ness

Greater
Than S1,
ksi (MPa)

6061‐T6

To 100 (38) 12 (83) = 18h
t

13.7 0.092 h
t

= 66h
t h t

33, 000

( )2
7 (48)
[Note (1)] = 69h

t
[Note (2)]

h t
33, 000

( )2

( )94.5 0.634 h
t

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑh t
227 000

( )2

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑh t
227 000

( )2

150 (65) 12 (83) = 16h
t

13.5 0.093 h
t

= 66h
t h t

32, 000

( )2
7 (48)
[Note (1)] = 68h

t
[Note (2)]

h t
32, 000

( )2

( )93.0 0.641 h
t

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑh t
220 000

( )2

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑh t
220 000

( )2

200 (95) 11.5 = 20h
t

13.3 0.092 h
t

= 66h
t h t

31, 000

( )2
7 (48)
[Note (1)] = 67h

t
[Note (2)]

h t
31, 000

( )2

( )91.6 0.634 h
t

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑh t
214 000

( )2

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑh t
214 000

( )2

6063‐T6

To 100 (38) 8.5 (59) = 19h
t

9.5 0.054 h
t

= 79h
t h t

33, 000

( )2
4 (28) = 91h

t h t
33, 000

( )2

( )65.5 0.372 h
t

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑh t
227 000

( )2

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑh t
227 000

( )2

150 (65) 8.5 (59) = 13h
t

9.2 0.052 h
t

= 79h
t h t

32, 000

( )2
3.6 (25) = 94h

t h t
32, 000

( )2

( )63.4 0.358 h
t

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑh t
220 000

( )2

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑh t
220 000

( )2

200 (95) 8 (55) = 16h
t

8.8 0.049 h
t

= 80h
t h t

31, 000

( )2
3.5 (24) = 94h

t h t
31, 000

2

( )60.6 0.338 h
t

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑh t
214 000

( )2

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑh t
214 000

( )2

GENERAL NOTES:
(a) h = clear height of web, in. (mm)
(b) t = thickness of web, in. (mm)

NOTES:
(1) These allowable stresses apply to all material welded with 5556 or 5356 filler alloy for temperatures not exceeding 150°F (65°C), and to

material 3/8 in. (10mm) or less in thicknessweldedwith 4043 or 5554 filler alloy. For thickermaterial weldedwith 4043 or 5554 filler alloy,
these allowable stresses shall be reduced bymultiplying them by 0.8. Allowable stresses not marked with a number in parentheses apply to
material welded with either 5556 or 5356 filler alloy for temperatures not exceeding 150°F (65°C), or either 4043 or 5554 alloy.

(2) These slenderness limits apply to all material welded with 5556 or 5356 filler alloy for temperatures not exceeding 150°F (65°C), and to
material 3/8 in. (10mm) or less in thicknessweldedwith 4043 or 5554 filler alloy. For thickermaterial weldedwith 4043 or 5554 filler alloy,
these slenderness limitsmust be adjusted to correspond to the reduced values ofmaximum allowable stresses indicated in [Note (1)] above.
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NCD-3853.7 Welding of Roof Plates. Roof plates shall
bewelded in accordancewith NCD-4246.4. The size of the
roof‐to‐top angle weld shall be 3/16 in. (5 mm) or smaller.

NCD-3854 Supported Flat Roofs

NCD-3854.1 General Requirements. The use of
supported flat roofs shall be limited to tanks having
diameters not greater than 35 ft (11 m). The design of
supported flat roofs shall be in accordance with
NCD-3853 except as noted below in NCD-3854.2.

NCD-3854.2 Main Supporting Members.

(a) Requirements of NCD-3853.1 do not apply.
(b) Supporting structural members may be either

internal or external to the roof plate.
(c) External rafters shall not bewelded to the top angle

or attached to the shell plate.
(d) External rafters shall be welded to the roof plate.

The weld shall be sized to carry the combined dead and
live loads on the roof plate.

NCD-3855 Self‐Supporting Cone Roofs

NCD-3855.1 Nomenclature. The symbols used are
defined as follows:

At = combined cross‐sectional area of roof plate, shell
plate, and top shell angle, in.2 (mm2)

D = nominal diameter of tank shell, ft (m)
f = tensile working stress for the material of the roof

plates, shell plates, or top shell angle, whichever is
the least value, at the service temperature, psi
(MPa)

P = dead load of roof, plus the live load, lb/ft2 (kPa)
R = radius of curvature of roof, ft (m)
tr = nominal thickness of roof plates, in. (mm)
θ = angle of cone elements with the horizontal, deg

NCD-3855.2 Design Requirements for Ferrous Mate-
rial. Self‐supporting cone roofs shall conform to the re-
quirements of (a) through (c) below:
NOTE: The equations applying to self-supporting roofs provide
for a uniform live load of 25 lb/ft2 (1.2 kPa)

(a) Slope
Maximum θ = 37 deg (tangent = 9:12)
Minimum sin θ = 0.165 [slope 2 in./ft (167 mm/m)

(16.7%)]
(b) Plate Thickness
(1) Minimum/Maximum

(U.S. Customary Units)

=

=

t

t

Minimum , but not less than in.

Maximum in.

r
D

r

400 sin
3

16

1
2

Table NCD-3852.7-5
For Class 3 Aluminum Storage Tanks Only— Allowable
Shear and Tension Stresses for Bolts for Roof Supports

Description of Bolt
Maximum Temperature, °F (°C), for

Allowable Stress, ksi (MPa)
To 100 (38) 150 (65) 200 (95)
Shear

2024‐T4 bolts 16 (110) 15 (103) 14.5 (100)
Tension

2024‐T4 bolts 26 (179) 26 (179) 25 (172)
6061‐T6 bolts 18 (124) 17 (117) 17 (117)

GENERAL NOTE: Bolts shall not be welded.

Table NCD-3852.7-6
For Class 3 Aluminum Storage Tanks Only— Allowable

Bearing Stresses for Bolts for Roof Supports

Alloy
and

Temper

Maximum
Temperature,

°F (°C)

Allowable Stress, ksi (MPa)
Cross Sections

Farther Than 1 in.
(25 mm) From Any

Weld

Cross Sections
Within 1 in. (25
mm) of a Weld

Bolts [Note (1)]

6061‐
T6

To 100 (38) 34 (234) 18 (124)
[Note (2)]

150 (65) 33 (228) 18 (124)
[Note (2)]

200 (95) 32 (221) 18 (124)
[Note (2)]

6063‐
T6

To 100 (38) 24 (165) 10 (69)
150 (65) 23 (159) 9.5 (66)
200 (95) 22 (152) 9 (62)

GENERAL NOTE: Bolts shall not be welded.

NOTES:
(1) These values apply for a ratio of edge distance to bolt diameter of

2 ormore. For smaller ratios,multiply these allowable stresses by
the ratio (edge distance)/(twice the bolt diameter).

(2) These allowable stresses apply to all material welded with 5556
or 5356 filler alloy for temperatures not exceeding 150°F (65°C),
and to material 3/8 in. (10 mm) or less in thickness welded with
4043 or 5554 filler alloy. For thicker material welded with 4043
or 5554 filler alloy, these allowable stresses shall be reduced by
multiplying them by 0.8.
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(SI Units)

=
=

t

t

Minimum , but not less than 5 mm.

Maximum 13 mm.
r

D

r
4.8 sin

(2) Self‐supporting roofs having the roof plates stif-
fenedby sectionswelded to theplates neednot conformto
theminimum thickness requirements but shall be not less
than 3/16 in. (5 mm).
(c) Top Angle to Roof‐to‐Shell Joint. The cross‐sectional

areaof the topangle, in square inches (squaremillimeters)
plus the cross‐sectional areas of the shell and roof plates
within a distance of 16 times their thicknesses, measured
from their most remote point of attachment to the top
angle, shall equal or exceed

(U.S. Customary Units)

D
3,000 sin

2

(SI Units)

D
0.43 sin

2

NCD-3855.3 For Class 3 Aluminum Storage Tanks
Only — Design Requirements for Aluminum Material.
Self‐supporting cone roofs shall conform to the require-
ments of (a) through (c) below:
(a) Slope
(1) Minimum sin θ = 0.165 [slope 2 in./ft

(167 mm/m) (16.7%)]
(2) Maximum θ = 37 deg (tangent = 9:12)

(b) Plate Thickness

(U.S. Customary Units)

=t D P
1,414 sinr

(SI Units)

=t D P
3.71 sinr

but not less than 3/16 in. (5 mm) nominal.
(c) Top Angle to Roof‐to‐Shell Joint. The cross‐sectional

areaof the topangle, in square inches (squaremillimeters)
plus the cross‐sectional areas of the shell and roof plates
within a distance of 16 times their thicknesses, measured
from their most remote point of attachment to the top
angle, shall equal or exceed

(U.S. Customary Units)

=A
PD
f

Minimum
8 sint

2

(SI Units)

=A
PD

f
Minimum

125
sint

2

NCD-3856 Self‐Supporting Dome and Umbrella
Roofs

NCD-3856.1 Nomenclature. See NCD-3855.1 for
nomenclature.

NCD-3856.2 Design Requirements for Ferrous Mate-
rial. Self‐supporting dome and umbrella roofs shall
conform to the requirements of (a) through (c) below.
NOTE: The equations applying to self-supporting roofs provide
for a uniform live load of 25 lb/ft2 (1.2 kPa)

(a) Radius of Curvature
R = D unless otherwise specified
Minimum R = 0.80D
Maximum R = 1.2D
(b) Plate Thickness
(1) Minimum/Maximum

(U.S. Customary Units)

=
=

t R

x t

Minimum /200, but not less than in.

Ma imum in.

3
16

1
2

(SI Units)
=
=

t R
x t

Minimum /2.4, but not less than 5 mm
Ma imum 13 mm

(2) Self‐supporting roofs having the roof plates stif-
fenedby sectionswelded to theplates neednot conformto
theminimum thickness requirements but shall be not less
than 3/16 in. (5 mm).
(c) Top Angle to Roof‐to‐Shell Joint. The cross‐sectional

area of the top angle, in square inches (square milli-
meters), plus the cross‐sectional areas of the shell and
roof plateswithin a distance of 16 times their thicknesses,
measured from their most remote point of attachment to
the top angle, shall equal or exceed

(U.S. Customary Units)
DR

1,500

(SI Units)
DR

0.216
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NCD-3856.3 For Class 3 Aluminum Storage Tanks
Only — Design Requirements for Aluminum Material.
Self‐supporting dome and umbrella roofs shall conform
to the requirements of (a) through (c) below:
(a) Radius of Curvature
Minimum R = 0.80D
Maximum R = 1.2D
(b) Plate Thickness

(U.S. Customary Units)

=t R P
707r

(SI Units)

=t R P
1.86r

but not less than 3/16 in. (5 mm) nominal.
(c) Top Angle to Roof‐to‐Shell Joint. The cross‐sectional

area of the top shell angle, in square inches, plus the cross‐
sectional areas of shell and roof plateswithin a distance of
16 times their thicknesses, measured from their most
remote point of attachment to the top shell angle, shall
equal or exceed

(U.S. Customary Units)

=A
PRD

f
Minimum

4t

(SI Units)

=A
PRD
f

Minimum
250

t

NCD-3856.4 Top Angle Attachment for Self‐
Supporting Roofs.

(a) The top angle sections for self‐supporting roofs
shall meet the requirements of NCD-4246.4. Joint effi-
ciency factors need not be applied.
(b) For self‐supporting roofs, the edges of the roof

plates may be flanged horizontally to rest flat against
the top angle to improve welding conditions.

NCD-3860 TANK CONNECTIONS AND
APPURTENANCES

NCD-3861 Roof Manholes

Roofmanholes shall conformtoFigureNCD-3861-1and
Table NCD-3861-1, except that alternative designs that
provide equivalent strength are permissible if agreed
to by the Owner or its designee.

NCD-3862 Roof Nozzles

(a) Flanged roof nozzles shall conform to Figure
NCD-3862(a)-1 and Table NCD-3862(a)-1. Threaded
nozzles shall conform to Figure NCD-3862(a)-2 and
Table NCD-3862(a)-2. Alternative designs for flanged
roof nozzles and threaded nozzles can be used, provided
they are of equivalent strength and are agreed to by the
Owner or its designee.
(b) Roof nozzles are not intended to take loads from

pipe reactions. Earthquake loadings need not be consid-
ered.

NCD-3863 Bottom Outlet Elbows

Bottom outlet elbows shall conform to Figure
NCD-3863-1 and Table NCD-3863-1.

NCD-3864 Threaded Connections

Threaded piping connections shall be female and shall
be tapered. The threads shall conform to the requirements
for taper pipe threads included in ANSI/ASME B1.20.1.

NCD-3865 Platforms, Walkways, and Stairways

Platforms, walkways, and stairways shall be in accor-
dance with Tables NCD-3865-1 through NCD-3865-3.

NCD-3866 Nozzle Piping Transitions

The stress limits of Table NCD-3821.5-1 shall apply to
all portions of nozzles that lie within the limits of rein-
forcement given in NCD-3334, except as provided in
NCD-3867. Stresses in the extension of any nozzle
beyond the limits of reinforcement shall be subject to
the stress limits of NCD-3600.

NCD-3867 Consideration of Standard
Reinforcement

(a) Where a nozzle‐to‐shell junction is reinforced in
accordance with the rules of NCD-3334, the stresses in
this region due to internal pressure may be considered
to satisfy the limits of Table NCD-3821.5-1. Under
these conditions, no analysis is required to demonstrate
compliance for pressure-induced stresses in the nozzle
region.
(b) Where external piping loads are to be designed for,

membrane plus bending stresses due to these loads shall
be calculated in the nozzle, and membrane stresses shall
be calculated in the local nozzle‐to‐shell region. These
stresses, in conjunction with pressure-induced stresses,
shall meet the limits of Table NCD-3821.5-1 for (σm or
σL) + σb. In this case, the pressure-induced stresses in
the (σm or σL) + σb category may be assumed to be no
greater than the limit specified for σm in Table
NCD-3821.5-1, for a given loading.
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Figure NCD-3861-1
Roof Manholes

Alternative
   Neck-to-Roof
   Plate Joint

Axis always
    vertical

Alternate Detail of Flange

Reinforcing plate
6 in. (150 mm)1/4 in. (6 mm)

1/4 in. (6 mm)

1/4 in. (6 mm)

1/4 in. (6 mm) cover plate

1/4 in. (6 mm)
    cover plate

1/4 in.
(6 mm)

1/4 in. (6 mm)

1/16 in. (1.5 mm) thick gasket
3 in.
(75 mm)

6 in.
(150 mm)

6 in. (150 mm)

A A
6 in. (150 mm)

Roof plate

Roof plate

Base for Roof Manhole Without Reinforcing Plate

Roof Manhole With Reinforcing PlateSection A – A

(Must be compatible with allowable roof plate stresses.)

5/8 in. (16 mm) diameter bolts in
 `3/4 in. (19 mm) diameter holes

5/8 in. (16 mm) diameter rod

See Table NCD-3861-1 for number of
    bolts. Bolt holes shall straddle the
    center lines.

DC
DB

DR

DPR

ID

DP

ID

GENERAL NOTE: See Table NCD-3861-1.
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Table NCD-3861-1
Roof Manholes

Size of
Manhole,
in. (mm)

Diameter of
Neck I.D.,
in. (mm)

Diameter of
Cover Plate

DC,
in. (mm)

Diameter of
Bolt Circle

DB,
in. (mm)

Number of
Bolts

Diameter of Gasket Diameter of
Hole in Roof
Plate or

Reinforcing
Plate DP,
in. (mm)

O.D. of
Reinforcing
Plate D,
in. (mm)

I.D.,
in. (mm)

O.D.,
in. (mm)

20 (500) 20 (500) 26 (650) 231/2 (589) 16 211/2 (538) 26 (650) 205/8 (516) 42 (1 050)
24 (600) 24 (600) 30 (750) 271/2 (689) 20 251/2 (638) 30 (750) 245/8 (616) 46 (1 150)

GENERAL NOTE: See Figure NCD-3861-1.

Figure NCD-3862(a)-1
Flanged Roof Nozzles

Standard weight line pipe

Roof plate

(a) Nozzle With Reinforcing Plate (b) Base for Nozzles Without Reinforcing Plate

Alternative
    neck-to-roof
    plate jointRoof plate

Plain or raised face, slip-on
    welding, welding neck, or
    plate ring flange Axis always vertical

When roof nozzle is used for venting
    purposes the neck shall be trimmed
    flush with roof line

Axis always vertical

DP

DR

H

1/4 in. (6 mm)
DP

GENERAL NOTES:
(a) See Table NCD-3862(a)-1.
(b) Slip-onweldingandweldingneck flanges shall conformto the requirements for150 lb forgedcarbonsteel raised face flangesasgiven inASME

B16.5.
(c) Plate ring flanges shall conform to all dimensional requirements for slip-on welding flanges, except that the extended hub on the back of the

flange may be omitted.

Table NCD-3862(a)-1
Flanged Roof Nozzles

Nominal Size of Nozzle,
in. (mm)

O.D. of Pipe Neck,
in. (mm)

DiameterofHole inRoofPlate
or Reinforcing Plate, DP,

in. (mm)
Height of Nozzle, H,

in. (mm)
O.D. of Reinforcing
Plate, DR, in. (mm)

11/2 (DN 40) 1.900 (48) 2 (50) 6 (150) 5 (125) [Note (1)]
2 (DN 50) 23/8 (60) 21/2 (64) 6 (150) 7 (175) [Note (1)]
3 (DN 80) 31/2 (89) 35/8 (91) 6 (150) 9 (225) [Note (1)]
4 (DN 100) 41/2 (114) 45/8 (116) 6 (150) 11 (275) [Note (1)]
6 (DN 150) 65/8 (168) 63/4 (169) 6 (150) 15 (375) [Note (1)]
8 (DN 200) 85/8 (219) 87/8 (222) 6 (150) 18 (450)
10 (DN 250) 103/4 (273) 11 (275) 8 (200) 22 (550)
12 (DN 300) 123/4 (324) 13 (325) 8 (200) 24 (600)

GENERAL NOTE: See Figure NCD-3862(a)-1.

NOTE: (1) Reinforcing plates are not required on 6 in. (150 mm) or smaller nozzles, but may be used if desired.
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Figure NCD-3862(a)-2
Screwed or Socket Weld Roof Nozzles

Roof plate

Pipe coupling

Axis always vertical

When roof nozzle is used for venting

    purposes the coupling shall be trimmed

    flush with reinforcing plate or roof line

Axis always vertical

1/4 in. (6 mm)

(a) Nozzle With Reinforcing Plate (b) Nozzle Without Reinforcing Plate

Roof plate

DP

DR DP

GENERAL NOTE: See Table NCD-3862(a)-2 and NCD-3864.

Table NCD-3862(a)-2
Screwed or Socket Weld Roof Nozzles

Nominal Size of Nozzle,
in. (mm)

Nominal Size of Coupling,
in. (mm)

Diameter of Hole in Roof Plate
or Reinforcing Plate, DP,

in. (mm)
O.D. of Reinforcing Plate, DR,

in. (mm)
3/4 (DN 20) 3/4 (DN 20) 17/16 (37) 4 (100) [Note (1)]
1 (DN 25) 1 (DN 25) 123/32 (44) 41/2 (113) [Note (1)]

11/2 (DN 40) 11/2 (DN 40) 211/32 (60) 5 (125) [Note (1)]
2 (DN 50) 2 (DN 50) 3 (75) 7 (175) [Note (1)]
3 (DN 75) 3 (DN 75) 41/8 (105) 9 (225) [Note (1)]
4 (DN 100) 4 (DN 100) 511/32 (136) 11 (275) [Note (1)]
6 (DN 150) 6 (DN 150) 717/32 (191) 15 (375) [Note (1)]
8 (DN 200) 8 (DN 200) 97/8 (251) 18 (450)
10 (DN 250) 10 (DN 250) 12 (300) 22 (550)
12 (DN 300) 12 (DN 300) 141/4 (362) 24 (600)

GENERAL NOTE: See Figure NCD-3862(a)-2.

NOTE: (1) Reinforcing plates are not required on 6 in. (150 mm) or smaller nozzles, but may be used if desired.
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Figure NCD-3863-1
Welded Bottom Outlet Elbow

3/8 in. (10 mm)

1/2 in. (13 mm)
3 in.

(75 mm)

Tank shell

Tank bottom

90 deg long radius

    Sch. 80 welding elbow

Alternative

    mixed elbow

Slip-on welding,

    welding neck, or

    plate ring flange

Sch. 80 pipe

DP

DR

B

E

C

d
d

r

GENERAL NOTES:
(a) See Table NCD-3863-1.
(b) Slip‐onweldingandweldingneck flanges shall conformto the requirements for150 lb forgedcarbonsteel raised face flangesasgiven inASME

B16.5.
(c) Plate ring flanges shall conform to all dimensional requirements for slip‐on welding flanges, except that the extended hub on the back of the

flange may be omitted.

Table NCD-3863-1
Welded Bottom Outlet Elbow

Nominal Pipe Size,
in. (mm) [Note (1)]

Distance from Center
of Elbow to Shell, B,

in. (mm)

Distance from
Center of Outlet to

Bottom, C,
in. (mm)

Diameter of Hole in
Tank Bottom, DP,

in. (mm)

O.D. of Reinforcing
Plate, DR,
in. (mm)

Distance from Center
of Elbow to Face of

Flange, E,
in. (mm)

2 (DN 50) 71/2 (191) 6 (150) 31/8 (79) 61/4 (159) 12 (300)
3 (DN 80) 81/2 (216) 7 (175) 41/4 (108) 73/4 (197) 13 (325)
4 (DN 100) 91/2 (241) 713/16 (198) 51/4 (133) 93/4 (248) 14 (350)
6 (DN 150) 11 (280) 93/8 (238) 73/8 (187) 123/4 (324) 16 (400)
8 (DN 200) 13 (330) 123/8 (314) 93/8 (238) 161/2 (419) 18 (450)

GENERAL NOTE: See Figure NCD-3863-1.

NOTE: (1) Extra‐strong pipe, refer to ASME B36.10M.
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Table NCD-3865-1
Platforms and Walkways

1. All parts to be made of metal.
2. Width of floor level (min.): 24 in. (600 mm).
3. Flooring to be made of grating or nonslip material.
4. Height of top railing above floor: 42 in. (1 050mm) [Note (1)].
5. Height of toeboard (min.): 3 in. (75 mm).
6. Space between top of floor and bottom of toeboard (max.):1/4

in. (6 mm).
7. Height of midrail: approximately one‐half the distance from

top of walkway to top of railing.
8. Distance between railing posts (max.): 96 in. (2 400 mm).
9. The completed structure shall be capable of supporting a

moving concentrated load of 1,000 lb (4 450 N), and the
handrailing structure shall be capable of withstanding a
load of 200 lb (890 N) applied in any direction at any point
on the top rail.

10. Handrails tobeonboth sidesof platform,discontinuingwhere
necessary for access.

11. At handrail openings, any space between tank and platform
wider than 6 in. (150 mm) should be floored.

12. Tank runways, which extend from one part of a tank to any
part of an adjacent tank, or to ground or other structure,
shall be so supported as topermit free relativemovement of
the structures joined by the runway. This may be
accomplishedby firmattachmentof runway toone tank,but
with a slip joint at point of contact between runway and
other tank. This is to permit either tank to settle or be
disrupted by an explosion without endangering the other.

NOTE: (1) Handrail height as required by ANSI specifications. This
height is mandatory in some states.

Table NCD-3865-2
Stairways

1. All parts to be made of metal.
2. Width of stairs (min.): 24 in. (600 mm).
3. Angle of stairway with a horizontal line (max.): 50 deg

[Note (1)].
4. Width of stair treads (min.): 8 in. (200mm). [The run (defined

as the horizontal distance between the noses of successive
treadpieces) and the riseof stair treads shall be such that the
sumof twice the rise, plus the run, shall benot less than24 in.
(600 mm) nor more than 26 in. (650 mm). Rises shall be
uniform throughout the height of the stairway.]

5. Treads to be made of grating or nonslip material.
6. Top railing shall join platform handrail without offset, and the

height measured vertically from tread level at nose of tread
shall be 30 to 34 in. (750 to 850 mm).

7. Distance between railing posts (max.)measured along slope of
railing: 96 in. (2 400 mm).

8. The completed structure shall be capable of supporting a
moving concentrated load of 1,000 lb (4 450 N), and the
handrailing structure shall be capable ofwithstanding a load
of 200 lb (890N) applied in any direction at any point on the
top rail.

9. Handrails shall be on both sides of straight stairs; also,
handrails shall be on both sides of circular stairs when the
clearance between tank shell and stair stringer exceeds 8 in.
(200 mm).

10. Circumferential stairways should be completely supported on
the shell of the tank, andendsof the stringers shouldbe clear
of the ground.

NOTE: (1) It is recommended that the same angle be employed for all
stairways in a tank group or plant area.
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NCD-3900 DESIGN OF 0 PSI TO 15 PSI (0 KPA
TO 100 KPA) STORAGE TANKS

NCD-3910 GENERAL REQUIREMENTS

NCD-3911 Acceptability

NCD-3911.1 Scope. The design rules for 0 psi to 15 psi
(0 kPa to 100 kPa) storage tanks shall cover above ground
welded storage tanks. These tanks may contain liquids or
gases such as refuelingwater, condensate, borated reactor
coolant, or radioactive waste. Such tanks are normally
located within building structures.
NOTE: These rules do not limit storage tanks from being
installed below grade or below ground, provided the tanks
are not subject to external pressure resulting from earth or fill.

NCD-3911.2 Design Requirements.

(a) Thedesign requirements for 0psi to15psi (0 kPa to
100kPa) storage tanks shall conform to the design rules of
NCD-3100 andNCD-3300 exceptwhere they aremodified
by the requirements of this subarticle. For Class 2
construction, joint efficiency, E, shall always be taken
as 1. For Class 3 construction, joint efficiency, E, shall
be based on the requirements of NCD-3352. For Class
2 construction, the design requirements of NCD-3200
may be used instead of the requirements of NCD-3900.
The specific design requirements shall be stipulated by
the Design Specifications.

(b) The total liquid capacity of a tank shall be defined as
the total volumetric liquid capacity below the high liquid
design level. The nominal liquid capacity of a tank shall be
definedas the total volumetric liquid capacity between the
planeof thehigh liquiddesign level and theelevationof the
tank grade immediately adjacent to the wall of the tank or
such other low liquid design level as the CertificateHolder
shall stipulate.

NCD-3912 Design Report

The Certificate Holder of a storage tank conforming to
the design requirements of this subarticle is required to
provide a Design Report as part of its responsibility of
achieving structural integrity of the tank. The Design
Report shall be certified when required by NCA-
3211.40(h).

NCD-3920 DESIGN CONSIDERATIONS

NCD-3921 Design and Service Loadings

(a) Loadings shall be identified as Design or Service,
and, if Service, they shall have Level A, B, C, or D
Service Limits designated (NCA‐2142).
(b) The provisions of NCD-3110 shall apply.
(c) The stress limits of NCD-3921.8 shall be met.

NCD-3921.1 Design Pressure.

(a) At or Above Maximum Liquid Level. The walls of the
gas or vapor space and other components shall be
designed for a pressure not less than that at which the
pressure relief valves are to be set. The relief valve set

Table NCD-3865-3
Stairway Rise, Run, and Angle Relationships

Height of Rise, R, in. (mm)

2R + r = 24 in. (600 mm) 2R + r = 26 in. (650 mm)

Width of Run, r, in. (mm)
Angle

Width of Run, r, in. (mm)
Angle

deg min deg min
51/4 (131) 131/2 (338) 21 15 ... ... ...
51/2 (138) 13 (325) 22 56 15 (375) 20 9
53/4 (144) 121/2 (313) 24 43 141/4 (356) 21 38
6 (150) 12 (300) 26 34 14 (350) 23 12

61/4 (156) 111/2 (288) 28 30 131/2 (338) 24 53
61/2 (163) 11 (275) 30 35 13 (325) 26 34
63/4 (169) 101/2 (263) 32 45 121/2 (313) 28 23
7 (175) 10 (250) 35 0 12 (300) 30 15

71/4 (181) 91/2 (238) 38 20 111/2 (288) 32 13
71/2 (188) 9 (225) 39 50 11 (275) 34 18
73/4 (194) 81/2 (213) 42 22 101/2 (263) 36 26
8 (200) 8 (200) 45 0 10 (250) 38 40

81/4 (206) 71/2 (188) 47 43 91/2 (238) 41 0
81/2 (213) ... ... ... 9 (225) 43 23
83/4 (219) ... ... ... 81/2 (213) 45 49
9 (225) ... ... ... 8 (200) 48 22

ASME BPVC.III.1.NCD-2023

206

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.1.

NCD (A
SME BPVC Sec

tio
n I

II D
ivis

ion
 1 

Sub
se

cti
on

 N
CD) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NCD (ASME BPVC Section III Division 1 Subsection NCD) 2023.pdf


points shall allow a suitable margin from the pressure
normally existing in this space so as to allow for the
increases in pressure causedby variations in the tempera-
ture or gravity of the liquid contents of the tank and other
factors affecting the pressure in the space. Walls and
components in this space shall also be designed for the
maximum partial vacuum that can be developed in the
space when the inflow of air, gas, or vapor through the
vacuum relief valves is at its maximum specified rate;
this partial vacuum shall be greater than that at which
the vacuum relief valves are set to open.
NOTE: Whenever a tank is to be operated with liquid levels that
at no time reach the top of the roof but is to be filled to the top of
the roof during the hydrostatic test, it shall be designed for both
of these maximum liquid level conditions, using in each case the
densityof the liquidemployed. If a tank isnotdesigned tobe filled
to the top of the roof, overfill protection is required. The
maximumpositivegagepressure forwhich this space isdesigned
shall be understood to be the nominal pressure rating for the
tank and shall not exceed 15 psi (100 kPa).

(b) Below the Maximum Liquid Level. All portions shall
be designed for the most severe combination of gas pres-
sure or partial vacuum and static liquid head.

NCD-3921.2 Design Temperature. The Design
Temperature shall not be greater than 200°F (95°C).

NCD-3921.3 TankShape.Tankwalls shall be so shaped
as to avoid any pockets on the inside where gases may
become trapped when the liquid level is being raised
or pockets on the outside where rainwater may collect.

NCD-3921.4 Loadings. See NCD-3111 for loadings to
be considered.

NCD-3921.5 Corrosion Allowance. When corrosion is
expected on any part of the tankwall or on any external or
internal supporting or bracing members upon which the
safety of the completed tank depends, additional metal
thickness in excess of that required by the design compu-
tations shall be provided or some satisfactory method of
protecting these surfaces from corrosion shall be
employed. Such added thickness need not be the same
for all zones of exposure inside and outside of the tank.

NCD-3921.6 Linings.When corrosion resistant linings
are attached to any element of the tank wall, including
nozzles, their thickness shall notbe included in the compu-
tation for the required wall thickness.

NCD-3921.7 Welded Joint Restrictions. The restric-
tions on type and size of joints or welds given in (a)
through (c) below shall apply.
(a) Tack welds shall not be considered as having any

strength value in the finished structure.
(b) The weld joint requirements shall be as given in

NCD-4247.
(c) All nozzle welds shall be in accordance with

NCD-4244.

NCD-3921.8 Limits of Calculated Stresses for Design
and Service Loadings. Stress14 limits for Design and
Service Loadings are specified in Table NCD-3921.8-1.
The symbols used in Table NCD-3921.8-1 are defined
as follows:

S = allowable stress value given in Section II, Part D,
Subpart 1, Tables 1A, 1B, and 3, psi (MPa). The
allowable stress shall correspond to the highest
metal temperature at the section under considera-
tion during the loading under consideration.

σb = bending stress, psi (MPa). This stress is equal to
the linear varying portion of the stress across the
solid section under consideration. It excludes
discontinuities and concentrations, and is
produced only by pressure and other mechanical
loads.

σL = localmembrane stress, psi (MPa). This stress is the
same as σm, except that it includes the effect of
discontinuities.

σm = general membrane stress, psi (MPa). This stress is
equal to the average stress across the solid section
under consideration. It excludes discontinuities
and concentrations, and is produced only by pres-
sure and other mechanical loads.

Typical examplesof locationsand loadings forwhichσm,
σL, and σb are applicable are shown in Section III Appen-
dices, Mandatory Appendix XIII, Table XIII-2600-1 with σ
in Table NCD-3921.8-1 considered as equivalent to P in
Section III Appendices, Mandatory Appendix XIII, Table
XIII-2600-1.

Table NCD-3921.8-1
Design and Service Limits for Steel Tanks

Service Limit Stress Limits [Notes (1), (2)]
Design and Level A σm≤ 1.0S

(σm or σL) + σb≤ 1.5S

Level B σm≤ 1.10S
(σm or σL) + σb≤ 1.65S

Level C σm≤ 1.5S
(σm or σL) + σb≤ 1.8S

Level D σm≤ 2.0S
(σm or σL) + σb≤ 2.4S

NOTES:
(1) See NCD-3921.8 for definitions of symbols.
(2) These limits do not take into account either local or general buck-

ling which might occur in thin wall vessels.
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NCD-3922 Maximum Allowable Stress Values for
Tanks

NCD-3922.1 Nomenclature. The various symbols used
for stresses are defined as follows:

c = allowance for corrosion, in. (mm)
M = ratio of the compressive stress Sc to themaximum

allowable compressive stress Scs (Figures
NCD-3922.1-1 and NCD-3922.1-2)

N = ratio of the tensile stress St to themaximumallow-
able stress for simple tension Sts

R = radius of the wall, in. (mm)
R1 = radius of curvature of the tank wall in a meridian

plane, in. (mm)
R2 = length, in. (mm), of the normal to the tank wall

measured from the wall of the tank to its axis
of revolution

Sc = general symbol for indicating a compressive
stress, psi (MPa),whichmaybeeitheranallowable
or computed value, depending on the context in
which the symbol is used

Sca = allowable compressive stress, psi (MPa), which is
lower than Scs because of the presence of a coex-
istent tensile or compressive stress perpendicular
to it

Scc = computed compressive stress, psi (MPa), at the
point under consideration

Scs = maximum allowable longitudinal compressive
stress, psi (MPa), for a cylindrical wall acted
upon by an axial load with neither a tensile nor
a compressive force acting concurrently in a
circumferential direction, and determined in
accordance with NCD-3922.3(a) for the thick-
ness–radius ratio involved

St = general symbol for indicating a tensile stress, psi
(MPa), which may be either an allowable or
computed value, depending on the context in
which the symbol is used

Sta = allowable tensile stress, psi (MPa), which is lower
than Sts because of the presence of a coexistent
compressive stress perpendicular to it

Stc = computed tensile stress, psi (MPa), at the point
under consideration

Sts = maximum allowable stress for simple tension, psi
(MPa) (Section II, Part D, Subpart 1, Tables 1A, 1B,
and 3)

t = thickness, in. (mm), of sidewalls, roof, or bottom,
including corrosion allowance

T1 = meridional unit force in the wall of the tank, lb/in.
(N·mm) of latitudinal arc

T2 = latitudinal unit force in the wall of the tank, lb/in.
(N·mm) of meridional arc

NCD-3922.2 Maximum Tensile Stresses. The
maximum tensile stresses in the outside walls of a
tank, as determined for any loadings or any concurrent

combination of such loadings, shall not exceed the appli-
cable stress values determined in accordance with (a) or
(b) below.
(a) If both the meridional and latitudinal unit forces T1

andT2 are tensile, or if oneof these forces is tensile and the
other is zero, the computed tensile stress Stc shall not
exceed the applicable value given in Section II, Part D,
Subpart 1, Tables 1A, 1B, and 3.
(b) If the meridional unit force T1 is tensile and the

coexistent latitudinal unit force T2 is compressive, or if
T2 is tensile and T1 is compressive, the computed
tensile stress Stc shall not exceed a value of Sta obtained
bymultiplying the applicable stress value given in Section
II, Part D, Subpart 1, Tables 1A, 1B, and 3 by the appro-
priate value of N obtained from Figure NCD-3922.1-1 for
the value of compressive stress (Sc = Scc) and co‐related
ratio (t − c)/R involved. However, in cases where the unit
force acting in compression does not exceed 5% of the
coexistent tensile unit force acting perpendicular to it,
the designer may permit a tensile stress of the magnitude
specified in (a) above. Section F.1 of Appendix F of API 620
Feb. 1970 Ed.23 gives examples illustrating the determi-
nation of allowable tensile stress values Sta. In no event
shall the value of Sta exceed the product of the applicable
joint efficiency for tension and the allowable stress for
simple tension shown in Section II, Part D, Subpart 1,
Tables 1A, 1B, and 3. For Class 2 construction, joint effi-
ciency shall be taken as 1.

NCD-3922.3 Maximum Compressive Stresses. Except
as provided inNCD-3933.4(b), themaximumcompressive
stresses in the outside walls of a tank, as determined for
the loadings, shall not exceed the applicable stress values
determined in accordance with (a) through (e) below.
(a) If a cylindricalwall, or portion thereof, is actedupon

by a longitudinal compressive force with neither a tensile
nor a compressive force acting concurrently in a circum-
ferential direction (for example, compressive circumfer-
ential stress due to pressure), the computed compressive
stress Scc shall not exceed a value Scs established for the
applicable thickness–radius ratio as follows:
For (t − c)/R values less than 0.00667

(U.S. Customary Units)

=S t c R1,800,000( )cs

(SI Units)

=S t c R12 400( )cs

For (t − c)/R values between 0.00667 and 0.0175

(U.S. Customary Units)

= +S t c R10,150 277,400( )cs
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Figure NCD-3922.1-1
Biaxial Stress Chart for Combined Tension and Compression, 30,000 psi to 38,000 psi (205 MPa to 260 MPa) Yield
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N = 0

Sca = MScs [Note (1)]

        (
U.S. Customary Units)

Scs = 10,150 + 277,400 (t – c)/R

         
        (

SI Units)

 Scs =  70 + 1 910 (t – c)/R

Sca = MScs = 15,000M
(103M)

Scs = 15,000 psi
(103 MPa)

GENERAL NOTES:
(a) Atno time cana compressive stress for aparticular valueof (t - c)/RexceedSCS representedby curveOABC.Novaluesof compressive stressor

N are permitted to fall to the left or above this curve. (See Figure NCD-3922.1-2 for relationships between factors M and N.)
(b) If compressive stress is latitudinal, use R = R1.
(c) If compressive stress is meridional, use R = R2.

NOTE: (1) See below.
(U.S. Customary Units)

= = [ + ]S MS M t c R10,150 277,400( )/ca cs

(SI Units)
= = [ + ]S MS M t c R70 1 910( )/ca cs

ASME BPVC.III.1.NCD-2023

209

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.1.

NCD (A
SME BPVC Sec

tio
n I

II D
ivis

ion
 1 

Sub
se

cti
on

 N
CD) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NCD (ASME BPVC Section III Division 1 Subsection NCD) 2023.pdf


Figure NCD-3922.1-2
Reduction of Design Stresses Required to Allow for Biaxial Stresses of Opposite Sign
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GENERAL NOTE:

+ + =N MN M 12 2
or

+ + =S S S S S S S S( / ) ( / )( / ) ( / ) 1t ts t ts c cs c cs
2 2

where
M = Sc/Scs
N = St/Sts
Sc = the compressive stress, psi (MPa), at the point under consideration
Scs = the maximum allowable longitudinal compressive stress, psi (MPa), for a cylindrical wall acted upon by an axial load with neither a

tensile nor a compressive force acting concurrently in a circumferential direction; determined in accordance with NCD-3922.3(a) for
the thickness to radius ratio involved

St = the tensile stress, psi (MPa), at the point under consideration
Sts = the maximum allowable stress for simple tension, psi (MPa)

ASME BPVC.III.1.NCD-2023

210

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.1.

NCD (A
SME BPVC Sec

tio
n I

II D
ivis

ion
 1 

Sub
se

cti
on

 N
CD) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NCD (ASME BPVC Section III Division 1 Subsection NCD) 2023.pdf


(SI Units)

= +S t c R70 1 910( )cs

For (t − c)/R values greater than 0.0175
=S 15,000 psi (103 MPa)cs

However, values of Scs calculated as above, but with R
taken as equal to R1 when the compressive unit force
under consideration is latitudinal or with R taken as
equal toR2when the compressive unit force ismeridional,
form the basis for the rules given in (b), (c), and (d) below
which apply to walls of double curvature.
(b) If both the meridional and latitudinal unit forces T1

and T2 are compressive and of equal magnitude, the
computed compressive stress Scc shall not exceed a
value Sca established for the applicable thickness–
radius ratio as follows:
For (t − c)/R values less than 0.00667

(U.S. Customary Units)

=S t c R1,000,000( )ca

(SI Units)

=S t c R6 900( )ca

For (t − c)/R values between 0.00667 and 0.0175

(U.S. Customary Units)

= +S t c R5,650 154,200( )ca

(SI Units)

= +S t c R39 1 060( )ca

For (t − c)/R values greater than 0.0175
=S 8,340 psi (57.5 MPa)ca

(c) If both the meridional and latitudinal unit forces T1
and T2 are compressive but of unequal magnitude, both
the larger and the smaller computed compressive stresses
shall be limited to values which satisfy the following re-
quirements:

+
S R

(larger stress) 0.8 (smaller stress)
determined using for the larger unit force

1.0
cs

S R
1.8 (smaller stress)

determined using for the smaller unit force
1.0

cs

NOTE: In these expressions if the unit force is latitudinal, R shall
be considered to beR1 and, ifmeridional,R shall be considered as
equal to R2.

(d) If the meridional unit force T1 is compressive and
thecoexistentunit forceT2 is tensile or ifT2 is compressive
andT1 is tensile, the computed compressive stress Scc shall
not exceed a value of Sca determined from Figure
NCD-3922.1-1 by entering the computed value of N
and the value of (t − c)/R associated with the compressive
unit stress and by reading the value of Sc that corresponds
to that point. Such value of Sc will be the limiting value of
Sca for the given conditions. Section F.1 of Appendix F of
API 620, Feb. 1970 Ed. gives examples illustrating the
determination of allowable compressive stress values Sca.
(e) The allowable compressive stresses specified in the

preceding subparagraphs are predicated on butt-welded
construction. If one or more of the main joints across
which the compressive force acts are of the lap-welded
type, the allowable compressive stress shall be deter-
mined as above except that the maximum compressive
stress shall be subject to the limitations of NCD-3933.2
and the applicable joint efficiency. For Class 2 construc-
tion, joint efficiency shall be taken as 1.

NCD-3922.4 Maximum Shear Stresses. The maximum
shear stresses in welds used for attaching manways,
nozzles, reinforcements, or other attachments to the
walls of a tank, and in sections of manway or nozzle
necks serving as reinforcement attachment, shall not
exceed 80% of the applicable maximum allowable
tensile stress value Sts.

NCD-3923 Maximum Allowable Stress Values for
Structural Members

NCD-3923.1 General Stress Limits. Subject to the
provisions of NCD-3923.2(c) the maximum stresses in
internal or external diaphragms, webs, trusses,
columns, and other framing, as determined for any load-
ings shall not exceed the applicable allowable stresses
given in Table NCD-3923.1-1.

NCD-3923.2 Slenderness Ratio Limits. The slender-
ness ratio (i.e., the ratio of the unbraced length l to the
least radius of gyration r) for structural members in
compression and for tension members other than rods
shall not exceed the following values, except as provided
in (a) below.

Maximum
l/r

For main compression members 120
Forbracingandother secondarymembers in
compression

200

For main tension members 240
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Table NCD-3923.1-1
Maximum Allowable Stress Values for Structural Members

Column 1 for Members Not Subject to
Pressure‐Imposed Loads

Column 2 for Internal
Members Resisting
Pressure, ksi (MPa)ksi MPa

(a) Tension
Rolled steel, on net section 18.0 124 [Note (1)]
Butt welds, on cross‐sectional area in, or at edge of, weld
[Note (2)]

18.0 124 [Note (1)]

Bolts and other threaded parts, on net area at root of
thread

18.0 124 [Note (1)]

(b) Compression
For axially loaded structural columns, structural bracing,
and structural secondary members, on gross section +

18

1 l

r

2

18, 000 2

but not to exceed 15

+

124

1 l

r

2

18 000 2

but not to exceed 103

Same values as for
Column 1

For axially loaded tubular columns, tubular bracing, and
tubular secondary members, on gross section
[minimum permissible thickness, 1/4 in. (6.4 mm)]

+

Y18.0

1 l

r

2

18, 000 2

but not to exceed 15Y

+

Y124

1 l

r

2

18, 000 2

but not to exceed 103Y

Same values as for
Column 1

where
l = unbraced length of column, in. (mm)
r = corresponding least radius of gyration of column,

in. (mm)
R = outside radius of tubular column, in. (mm)
t = thickness of tubular column, in. (mm)
Y = unity (1.0) for values of t/R equal to or exceeding

0.015
x = 2/3(100t/R)[2 − 2/3(100t/R)] for values of t/R less

than 0.015
Butt welds, on least cross‐sectional area in, or at edge of,
weld (crushing)

18.0 124 15.0 (100)

Plate girder stiffeners, on gross section 18.0 124 15.0 (100)

(c) Bending
Tension on extreme fibers of rolled sections, plate girders,
and built‐up members

18.0 124 [Note (1)]

Compression on extreme fibers of rolled sections, plate
girders, and built‐up members:
With Id/bt not in excess of 600 18.0 124 Same as tension value

[Note (1)]
With Id/bt in excess of 600

ld bt
10, 800.0

ld bt
74 400.0 ×

ld bt
600 tension value1

where
b = width of its compression flange, in. (mm)
d = depth of the member, in. (mm)
l = unsupported length of the member, in. (mm),

except that, for a cantilever beam not fully
stayed at its outer end against translation or rota-
tion, l shall be taken as twice the length of the
compression flange

t = thickness of its compression flange, in. (mm)
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Table NCD-3923.1-1
Maximum Allowable Stress Values for Structural Members (Cont’d)

Column 1 for Members Not Subject to
Pressure‐Imposed Loads

Column 2 for Internal
Members Resisting
Pressure, ksi (MPa)ksi MPa

(c) Bending (Cont’d)
Stress on extreme fibers of pins 27.0 186 20.0 (138)
Members subjected to both axial and bending loads
shall be so proportioned that the maximum combined
axial and bending stresswill not exceed the permissible
value for axial loading alone.
Fiber stresses in butt welds resulting from bending
shall not exceed the values prescribed for tension and
compression, respectively. (Such values for welds in
tension must be multiplied by the applicable joint
efficiency.)

(d) Shearing
Pins and turned bolts in reamed or drilled holes 13.5 93 12.0 (82)
Unfinished bolts 10.0 69 8.0 (55)
Webs of beams and plate girders where h/t is not more
than 60, or where web is adequately stiffened, on gross
section of web

12.0 83 Two‐thirds of tension value
[Note (1)]

Webs of beams and plate girders where web is not
adequately stiffened and h/t is more than 60, on gross
section of web +

18.0

1 h

t

2

7, 200 2 +

124

1 h

t

2

7, 200 2 +

Tension value

1 h

t

1

2

7, 200 2

where
h = clear distance between web flanges, in. (mm)
t = thickness of the web, in. (mm)

Fillet weldswhere load is perpendicular to length of weld,
on section through throat [Note (2)]

12.6 87 70% of tension value
[Note (1)]

Fillet welds where load is parallel to length of weld, on
section through throat [Note (2)]

9.0 62 50% of tension value
[Note (1)]

Plugweldsor slotwelds, oneffective faying‐surfaceareaof
weld [Note (2)]

11.7 81 65% of tension value
[Note (1)]

Butt welds, on least cross‐sectional area in, or at edge of,
weld [Note (2)]

14.4 99 80% of tension value
[Note (1)]

(e) Bearing
Pins and turned bolts in reamed or drilled holes:
Load applied to bolt at only one side of member
connected

24.0 (165) 1.33 (tension value)
[Note (1)]

Load approximately uniformly distributed across
thickness of member connected

30.0 (207) 1.67 (tension value)
[Note (1)]

Unfinished bolts:
Load applied to bolt at only one side of member
connected

16.0 (110) 0.9 (tension value)
[Note (1)]

Load approximately uniformly distributed across
thickness of member connected

20.0 (138) 1.1 (tension value)
[Note (1)]

NOTES:
(1) See Section II, Part D, Subpart 1, Tables 1A, 1B, and 3.
(2) All values for butt welds in tension or shear shall bemultiplied by the applicable joint efficiency. These values are obtained by combining the

following: a factorof80%forshearstrengthofweldmetal; anefficiency factorofapproximately85%for filletweldsor80%forplugweldsand
slot welds; and a factor of 100% for perpendicular loading or approximately 75% for parallel loading.
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Table continued

Maximum
l/r

Forbracingandother secondarymembers in
tension

300

(a) The slenderness ratio of main compression
members inside of a tank may exceed 120, but not
200, provided the member is not ordinarily subject to
shock or vibration loads and the unit stress under full
Design Loadings does not exceed the following fraction
of the stress value given in Table NCD-3923.1-1 for the
member’s actual l/r ratio

=f l
r

1.6
200

(b) The gross and net sections of structural members
shall be as determined in (1) through (5) below.

(1) The gross section of a member at any point shall
be determined by summing the products of the thickness
and the gross width of each element as measured normal
to the axis of the member. The net section shall be deter-
mined by substituting for the gross width the net width
which, in the case of a member having a chain of holes
extending across it in any diagonal or zigzag line, shall
be computed by deducting from the gross width the
sum of the diameters of all holes in the chain and
adding, for each gage space in the chain, the following
quantity:

s
g4

2

where

g = transverse spacing (gage), in. (mm), of the same two
holes

s = longitudinal spacing (pitch), in. (mm), of any two
successive holes

(2) In the case of angles, the gage for holes in oppo-
site legs shall be the sum of the gages from the back of the
angle less the thickness.

(3) In determining the net section across plug or slot
welds, theweldmetal shall not be considered as adding to
the net area.

(4) For splice members, the thickness considered
shall be only that part of the thickness of the member
that has been developed by the welds or other attach-
ments beyond the section considered.

(5) In pin connected tension members other than
forged eyebars, the net section across the pinhole trans-
verse to the axis of the member shall not be less than
135%, and the net section beyond the pinhole parallel
to the axis of the member shall not be less than 90%
of the net section of the body of the member. The net
widthof apin connectedmemberacross thepinhole trans-

verse to the axis of the member shall not exceed eight
times the thickness of the member at the pin, unless
lateral buckling is prevented.
(c) External structural or tubular columns and framing

subject to stresses producedby a combinationofwind and
other applicable loads specified in NCD-3921.4 may be
proportioned for unit stresses 25% greater than those
specified in Table NCD-3923.1-1, provided the section
thus required is not less than that required for all
other applicable loads combined on the basis of the
unit stresses specified in Table NCD-3923.1-1. A corre-
sponding increase may be applied to the allowable unit
stresses in the connecting bolts or welds.

NCD-3930 DESIGN PROCEDURE

NCD-3931 Design of Tank Walls

(a) Free body analyses shall be made at successive
levels from the top to the bottom of the tank for the
purpose of determining the magnitude and character
of the meridional and latitudinal unit forces that will
exist in the walls of the tank at critical levels under all
the various combinations of gas pressure or partial
vacuum and liquid head to be encountered in service
that may have a controlling effect on the design. To
this end it will sometimes be necessary to make
several analyses at a given level of the tank to establish
the governing conditions of gas pressure and liquid head
for that level. The thicknesses required in themainwalls of
the tank shall then be computed by the applicable proce-
dures given in NCD-3932.3.
(b) For tanks having points of marked discontinuity in

the direction of the meridional tangent, such as occurs at
the juncture between a conical or dished roof or bottom
and a cylindrical sidewall or at the juncture between a
conical reducer and a cylindrical sidewall, the portions
of the tank near such points shall be designed in accor-
dance with the provisions of NCD-3933.

NCD-3932 Design of Sidewalls, Roofs, and
Bottoms

NCD-3932.1 Nomenclature. The symbols are defined
as follows:

AT = cross‐sectional area of the interior of the tank at
the level under consideration, in.2 (mm2)

E = efficiency, expressed as a decimal, of the weakest
joint across which the stress under consideration
acts

x = 1 for Class 2 construction
F = summation, lb (N), of the vertical components of

the forces in all internal or external ties, braces,
diaphragms, trusses, columns, skirts, or other
structural devices or supports acting on the
free body. F shall be given the same sign as P
when acting in the same direction as the pressure
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on the horizontal face of the free body and the
opposite sign when acting in the opposite direc-
tion.

P = PL+PG= total pressure, psi (MPa), acting at a given
level of the tank under a particular condition of
loading

PG = gas pressure, psi (MPa), above the surface of the
liquid. The maximum value, a pressure not
exceeding 15 psig (100 kPa), is the nominal pres-
sure rating of the tank. PG is positive except in
computations for investigating the ability of a
tank to withstand a partial vacuum, where the
value is negative.

PL = pressure resulting from the liquid head at the level
under consideration in the tank, psi (MPa)

R1 = radius of curvature of the tank wall in a meridian
plane, at the level under consideration, in. (mm).
R1 is to be considered negative when it is on the
opposite side of the tank wall from R2 except as
provided in NCD-3932.2(f).

R2 = length, in. (mm), of the normal to the tank wall at
the level under consideration, measured from the
wall of the tank to its axis of revolution. R2 is
a lways pos i t i ve excep t as prov ided in
NCD-3932.2(f).

Sca = allowable compression stress, psi (MPa), as
required in NCD-3922.3

Scc = computed compression stress, psi (MPa), at the
point under consideration

Sta = allowable tension stress, psi (MPa), as required in
NCD-3922.2(b)

Stc = computed tension stress, psi (MPa), at the point
under consideration

Sts = maximum allowable stress for simple tension, psi
(MPa) (Section II, Part D, Subpart 1, Tables 1A, 1B,
and 3)

T1 = meridional unit force in the wall of the tank at the
level under consideration, lb/in. (N/mm) of lati-
tudinal arc. T1 is positive when in tension.

T2 = latitudinal unit force in the wall of the tank at the
level under consideration, lb/in. (N/mm) of meri-
dional arc. T2 is positive when in tension. In cy-
lindrical sidewalls the latitudinal unit forces are
circumferential unit forces.

W = total weight, lb (N), of that portion of the tank and
its contents either above the level under consid-
eration, as in Figure NCD-3932.1-1 sketch (b), or
below such level, as in Figure NCD-3932.1-1
sketch (a), which is treated as a free body in
the computations for such level. W shall be
givensamesignasPwhenacting in the samedirec-
tion as the pressure on the horizontal face of the
free body, and the opposite signwhen acting in the
opposite direction.

NCD-3932.2 Computation of Unit Forces.

(a) At each level of the tank selected for free body
ana l y s i s a s s p e c i f i e d i n NCD -3931 ( F i g u r e
NCD-3932.1-1) and for each condition of gas and liquid
loading thatmust be investigated at such level, themagni-
tude of the meridional and latitudinal unit forces in the
wall of the tank shall be computed from eqs. (1) and (2)24
below, except as provided in NCD-3932.6 or NCD-3933.

= + +i
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1

(2)

(b) Positive values of T1 and T2 indicate tensile forces,
and negative values indicate compressive forces.
(c) Itwill usually be necessary tomake such analyses at

the level of each horizontal joint in the sidewalls, roof, and
bottomof the tank and at any intermediate levels at which
the center of curvature changes significantly. Moreover,
themaximumtotal pressure, liquidheadplus gaspressure
that can exist at a given level will not necessarily be the
governing condition for that level; sufficient analyses shall
be made at each level to establish that combination of
liquid head and gas pressure or partial vacuum which,
in conjunctionwith the allowable tensile and compressive
stresses, will control the design at such level. Even though
a tankmay normally be operated at a fixed height of liquid
contents, it shall be made safe for any conditions that
might develop in filling or emptying the tank.
(d) Thevalues for apoint at ahorizontaldistance x from

the vertical axis of a roof or bottom in which the length of
the horizontal semiaxis a is two times the length of the
vertical semiaxis b may be determined by multiplying
the length a by the factor from Table NCD-3932.2(d)-1.
Values for ellipsoidal shapes of other proportions shall
be calculated from the following equations:

= + =
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(e) Equations (1) and (2) of (a) are general equations
applicable to any tank having a single vertical axis of revo-
lution and to any free body that is isolated by a horizontal
plane which intersects the walls of the tank in only one
circle [(f)]. For shapes most commonly used, these

ASME BPVC.III.1.NCD-2023

215

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.1.

NCD (A
SME BPVC Sec

tio
n I

II D
ivis

ion
 1 

Sub
se

cti
on

 N
CD) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NCD (ASME BPVC Section III Division 1 Subsection NCD) 2023.pdf


Figure NCD-3932.1-1
Some Typical Free Body Diagrams for Certain Shapes of Tanks
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equations reduce to the simplified equations given in (1)
through (3) below for the respective shapes indicated.

(1) For a Spherical Tank or Spherical Segment of a
Tank. R1 = R2 = Rs, the spherical radius of the tank or
segment, and eqs. (1) and (2) of (a) become

= + +i
k
jjjj

y
{
zzzzT P

R W F
A1 2

s

T
(5)

=T R P Ts2 1 (6)

If the sphere is for gas pressure only and if (W + F)/AT
is negligible as compared with PG, eqs. (5) and (6) reduce
to

= =T T P RG S1 2
1
2

(7)

(2) For a Conical Roof or Bottom
=R infinity1

and

=R
R

cos2
3

where

R3 = horizontal radius of thebase of the cone at the level
under consideration, in. (mm)

α = one‐half the included apex angle of the conical roof
or bottom

For this condition, eqs. (1) and (2) of (a) reduce to

= + +i
k
jjjj

y
{
zzzz( )T P

R W F
A1 2 cos T

3 (8)

=T
PR

2 cos
3 (9)

(3) For Cylindrical Sidewalls of a Vertical Tank.
R1 = infinity and R2 = Rc, the radius of the cylinder,
and eqs. (1) and (2) of (a) become

= + +i
k
jjjj

y
{
zzzzT P

R W F
A1 2

c

T
(10)

=T PRc2 (11)

If the cylinder is for gas pressure only and if
(W + F)/AT is negligible as compared with PG, eqs. (10)
and (11) reduce to

=T P RG c1
1
2

(12)

=T P RG c2 (13)

(f) In the case of a torispherical head shown in
Figure NCD-3932.1-1(d), applicable equations for the
meridional and latitudinal unit forces in the walls of
the segment are as follows:

=T in preparation( )1 (14)

=T in preparation( )2 (15)

NCD-3932.3 Required Thickness. The thickness of the
tankwall at anygiven level shall benot less than the largest
value of t as determined for the level by the methods
prescribed in (a) through (d) below. In addition, provision
shall bemadebymeansof additionalmetal,whereneeded,
for the loadings other than internal pressure or possible
partial vacuumenumerated inNCD-3921.4, and if the tank
walls have points of marked discontinuity in the direction
of the meridional tangent, such as occur at the juncture
between a conical or dished roof or bottom and a cylin-
drical sidewall, the portions of the tank near such points
shall be designed in accordance with the provisions of
NCD-3933.

Table NCD-3932.2(d)-1
Factors for Determining Values of R1 and R2 for 2:1

Ellipsoidal Roofs and Bottoms

x/α u = R1/α v = R2/α
0.00 2.000 2.000
0.05 1.994 1.998
0.10 1.978 1.993
0.15 1.950 1.983
0.20 1.911 1.970
0.25 1.861 1.953
0.30 1.801 1.931
0.35 1.731 1.906
0.40 1.651 1.876
0.45 1.562 1.842
0.50 1.465 1.803
0.55 1.360 1.759
0.60 1.247 1.709
0.65 1.129 1.653
0.70 1.006 1.591
0.75 0.879 1.521
0.80 0.750 1.442
0.85 0.620 1.354
0.90 0.492 1.253
0.95 0.367 1.137
1.00 0.250 1.000

GENERAL NOTE:
x = horizontal distance from point in roof or bottom to axis of

revolution
α = horizontal semiaxis of elliptical cross section
R1 = uα
R2 = vα
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(a) If the unit forces T1 and T2 are both positive for the
governing combination of gas pressure or partial vacuum
and liquid head at a given level of the tank, the larger of the
two shall be used for computing the thickness required at
such level, as follows:

= + = +t c t cor
T

S E
T

S Ets ts

1 2 (16)

(b) If the unit force T1 is positive and T2 is negative for
the governing combination of gas pressure or partial
vacuum and liquid head at a given level of the tank or
if T2 is positive and T1 is negative, the thickness of
tank wall required for this condition shall be determined
by assuming different thicknesses until one is found for
which the simultaneous values of the calculated tension
stress Stc and the calculated compression stress Scc satisfy
the requirements of NCD-3922.2(b) and NCD-3922.3(d),
respectively. The determination of this thickness will be
facilitated by using a graphical solution such as illustrated
in Appendix F, Section F.2 of API Standard 620, Feb. 1970
Edition. If the unit force acting in compression does not
exceed 5% of the coexistent tensile unit force acting
perpendicular to it, the designermay determine the thick-
ness required for this conditionbyusing themethodspeci-
fied in (a) above.
NOTE: The value of the joint efficiency factorEwill not enter into
this determination unless themagnitude of the allowable tensile
stress Sta is governed by the product ESts as provided in
NCD-3922.2(b). For Class 2 construction, the value of E is
always 1.

(c) If the unit forcesT1 andT2 are both negative and are
of equal magnitude for the governing condition of loading
at a given level of the tank, the thickness of tank wall
required shall be calculated as follows:

= + = +t c c
T
S

T
Sca ca

1 2 (17)

where Sca has the appropriate value for the thickness–
radius ratio involved, as required in NCD-3922.3(b)
and NCD-3922.3(e).
(d) If the unit forces T1 and T2 are both negative but of

unequal magnitude for the governing condition of loading
at a given level, the thickness of tankwall required for this
condition shall be the largest of those thickness values,
calculated by the following procedure, which show a
proper correlation with the respective thickness–
radius ratios involved in their computation (Steps 2
and 4).

Step 1. Calculate the values of

= +
+

t c
T T R( 0.8 )

1342
(18)

and

= +t cT R
1000

(19)

using values of T′ equal to the larger of the two coexistent
unit forces and T″ equal to the smaller of the two unit
forces, and taking R′ and R″ as equal to R1 and R2, respec-
tively, if the larger unit force is latitudinal; but, conversely,
taking R′ and R″ as equal to R2 and R1, respectively, if the
larger unit force is meridional.

Step 2. Deduct the corrosion allowance from each of
the two thicknesses calculated in Step 1 and check the
thickness–radius ratio (t − c)/R for each based on the
value of R used in Step 1, eq. (18) or eq. (19). If both
such thickness–radius ratios are less than 0.00667, the
larger of the two thicknesses calculated in Step 1 will
be the required thickness for the condition under consid-
eration. Otherwise, proceed with Step 3.

Step 3. If one or both thickness–radius ratios deter-
mined in Step 2 exceed 0.00667, calculate the values of

= ++t cT T0.8
15,000

(20)

and

= +t cT
8340

(21)

Step 4. Deduct the corrosion allowance from each of
the two thicknesses calculated in Step 3 and check the
thickness–radius ratio (t − c)/R for each using a value
of R equal to R′ as defined in Step 1 in connection
with the thickness determined from Step 3, eq. (20)
and a value of R equal to R″ in connection with the thick-
ness determined from Step 3, eq. (21). If both such thick-
ness–radius ratios are greater than 0.0175, the larger of
the two thicknesses calculated in Step 3 will be the
required thickness for the condition under consideration.
Otherwise, proceed with Step 5.

Step 5. If one or more of the thickness–radius ratios
determined in Steps 2 and 4 fall between 0.00667 and
0.0175 and the thickness involved was calculated by
Step 1, eq. (18) or Step 3, eq. (20), find a thickness
which satisfies the following equation:

= ++
T T0.8

t c t c
R

10,150( ) 277, 400( )2
(22)

or, if the thickness involved was calculated by
Step 1, eq. (19) or Step 3, eq. (21), find a thickness
which satisfies the following equation:

=+
T

t c t c
R

5,650( ) 154,200( )2
(23)

Step 6. Make a selection of thickness from the values
calculated. Calculate the values of Scc for both T1 and T2
and check that values of Scc satisfy the requirements of
NCD-3922.3(c). Adjustment in the thickness may be
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required tomake the values of Scc satisfy the requirements
of NCD-3922.3(c).
NOTE: The procedure described in (d) is predicated on the
assumption that theproblem is one inwhichbiaxial compression
withunit forcesof unequalmagnitude is thegoverningcondition.
In many cases, however, a tentative thickness will have been
established previously by other design considerations and
only needs to be checked for the external pressure or partial
vacuum condition. In such cases, the problem is greatly simpli-
fiedbecause thedesignerhasonly to compute thevaluesofScc for
both T1 and T2 and then check to see that these values satisfy the
requirements of NCD-3922.3(c), as specified in Step 6 [see
Section F.3 of Appendix F of API Standard 620, Feb. 1970
Edition, for examples illustrating the application of (a)].

NCD-3932.4 Least Permissible Thickness. In no event
shall thenet thickness after fabricationof anyplate subject
to pressure imposed membrane stresses be less than
3/16 in. (5 mm), exclusive of corrosion allowance. For
tanks having cylindrical sidewalls with diameters from
60 ft (18.3 m) up to but not including 120 ft (36.6 m),
such thickness for sidewall plates shall not be less
than 1/4 in. (6 mm) exclusive of corrosion allowance.

NCD-3932.5 External Pressure Limitations. The thick-
ness computed by the equations and procedures specified
in NCD-3932, using a negative value of PG equal to the
partial vacuum for which the tank is to be designed,
will ensure stability against collapse for tank surfaces
of double curvature in which the meridional radius R1
is equal to or less than R2 or does not exceed R2 by
more than a very small amount. Data on the stability
of sidewall surfaces of prolate spheroids are lacking,
and it is not intended that the equations and procedures
be used for evaluating the stability of such surfaces or of
cylindrical surfaces against external pressure. However,
cylindrical sidewalls of vertical tanks designed in accor-
dance with these rules for storage of liquids25 with the
thickness of upper courses not less than specified in
NCD-3932.4 for the size of tank involved and with
increasing thicknesses from top to bottom as required
for the combined gas and liquid loadings may safely be
subjected to a partial vacuum in the gas or vapor
spacenot exceeding0.06psig (0.4kPagage)with theoper-
ating liquid level in the tankat anystage fromfull to empty.
The vacuum relief valve or valves shall be set to open at a
smaller partial vacuum so that the 0.06 psig (0.4 kPa gage)
partial vacuumwill not be exceededwhen the inflowof air
or gas through the valves is at its maximum specified rate.

NCD-3932.6 Special Considerations Applicable to
Bottoms Resting Directly on Foundations.

(a) Uplift Considerations. In the case of tanks with cy-
lindrical sidewalls and flat bottoms, the uplift from the
pressure acting on the underside of the roof must not
exceed the weight of the sidewalls plus the weight of
that portion of the roof that is carried by the sidewalls
when no uplift exists, unless such excess is counteracted

by increasing the magnitude of the downward acting
forces. This shall be a matter of agreement between
the Certificate Holder and Owner. Similar precautions
must be taken with flat bottom tanks of other shapes.
All weights used in such calculations shall be based on
net thicknesses of the materials, exclusive of corrosion
allowance.
NOTE: If external anchor bolts are used for resisting such uplift,
it is recommended that their nominal diameter be not less than
1 in. (25mm)plus a corrosion allowance of at least 1/4 in. (6mm)
on the diameter.

(b) Foundation Considerations. The type of foundation
used for supporting the tank shall be taken into account in
the design of bottom plates and welds. For recommended
practice for construction of foundations, see API Standard
620, Feb. 1970 Edition, Appendix C.

NCD-3933 Design of Roof and Bottom Knuckle
Regions, and Compression Ring

NCD-3933.1 Nomenclature. The symbols used are
defined as follows:

Ac = net area, in.2 (mm2), of the vertical cross section of
metal required in the compression ring region,
exclusive of all corrosion allowances

E = efficiency, expressed as a decimal, of meridional
joints in the compression ring region in the event
that Q should have a positive value, indicating
tension

x = 1 for Class 2 construction
Q = total circumferential force, lb (N) acting on a

vertical cross section through the compression
ring region

Rc = horizontal radius, in. (mm), of the cylindrical side-
wall at its juncture with the roof or bottom

R2 = length, in. (mm), of the normal to the roof or
bottom at the juncture between the roof or
bottom and the sidewalls, measured from the
roof or bottom to the tank’s vertical axis of revo-
lution

Sts = maximum allowable stress value for simple
tension, psi (MPa) (Section II, Part D, Subpart
1, Tables 1A, 1B, and 3)

tc = corresponding thickness, in. (mm), of the cylin-
drical sidewalls at and near such juncture

th = thickness, in. (mm), of the roof or bottom plate at
and near the juncture of the roof or bottom and
sidewalls, including corrosion allowance

T1 = meridional unit force in the roof or bottom of the
tank at its juncture with the sidewall, lb/in.
(N/mm) of circumferential arc

T2 = corresponding latitudinal unit force in the roof or
bottom, lb/in. (N/mm) of meridian arc
NOTE: Force computed by applicable equation in
NCD-3932.
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T2s = circumferential unit force in the cylindrical side-
wall of the tank at its juncture with the roof or
bottom, lb/in. (N·mm), measured along an
element of the cylinder
NOTE: Force computed by applicable equation in
NCD-3932.

wc = corresponding width, in. (mm), of the partici-
pating sidewall plate

wh = width, in. (mm), of the roof orbottomplate consid-
ered to participate in resisting the circumferential
force acting on the compression ring region

α = angle between the direction of T1 and a vertical
line. In a conical surface it is also one‐half of the
total vertex angle of the cone.

NCD-3933.2 General Requirements.When the roof or
bottomof a tank is a cone or partial sphere and is attached
to cylindrical sidewalls, themembrane stresses in the roof
or bottom act inward on the periphery of the sidewalls.
This results in circumferential compressive forces at the
juncture,which shall be resistedeitherbyaknuckle curva-
ture in the roof or bottom or by a limited zone at the junc-
ture of the intersecting roof or bottom plates and sidewall
plates, supplemented in some cases by an angle, a rectan-
gular bar, or a ring girder.

NCD-3933.3 Requirements for Knuckle Regions.

(a) If a curved knuckle is provided, a ring girder or
other form of compression ring shall not be used and
there shall beno suddenchanges in thedirectionof ameri-
dional line at anypoint. In addition, the radiusof curvature
of the knuckle in a meridional plane shall not be less than
6%, and preferably not less than 12%, of the diameter of
the sidewalls.
NOTE: Use of a knuckle radius as small as 6% of the sidewall
diameter will frequently require an excessively heavy thickness
for the knuckle region. The thickness requirements for such
region will be found more reasonable if a larger knuckle
radius is used.

Subject to the provisions of (b) below, the thickness of
the knuckle at all points shall satisfy the requirements of
NCD-3932.
(b) Application of the equations in NCD-3932.2 to

levels immediately above and below a point where two
surfaces of differing meridional curvature have a
common meridional tangent, as at the juncture
between the knuckle region and the spherically dished
portionof a torispherical roof,will result in the calculation
of two latitudinal unit forces, differing in magnitude and
perhaps in sign, at the same point. The latitudinal unit
force at such a point will be between the two calculated
values, depending on the geometry of the tankwall in that
area.

NCD-3933.4 Requirements for Compression Rings.

(a) If a curved knuckle is not provided, the circumfer-
ential compressive forces shall be resisted by othermeans
in the compression ring region of the tank walls. The zone
of the tank walls at the juncture between the roof or
bottom and the sidewalls includes that width of plate
on each side of the juncture that is considered to parti-
cipate in resisting these forces [Figure NCD-3933.4(a)-1].
The thickness of the wall plate on either side of the junc-
ture shall not be less than the thickness needed to satisfy
the requirements of NCD-3932, and the widths of plate
making up the compression ring region shall be computed
from the following equations:

=w R t c0.6 ( )h h2 (24)

=w R t c0.6 ( )c c c (25)

(b) The magnitude of the total circumferential force
acting on any vertical cross section through the compres-
sion ring region shall be computed as follows:

= +Q T w T w T R sinh s c c2 2 1 (26)

and the net cross‐sectional area provided in the compres-
sion ring region shall not be less than that found to be
required by the following equation:

(U.S. Customary Units)

=A orc
Q Q

S E15, 000 ts
(27)

(SI Units)

=A
Q

103c

depending on whether the value of Q as determined by
eq. (26) is negative or positive.
NOTE: Becauseof thediscontinuities andother conditions found
ina compression ring region, biaxial stressdesign criteria arenot
considered applicable for a compressive force determined as in
NCD-3933.4(b), eq. (26). Experience has shown that a compres-
sive stress of the order of 15,000 psi (100 MPa), as indicated in
NCD-3933.4(b), eq. (27), is permissible in this case, provided the
requirements of NCD-3933.5 are satisfied.

NCD-3933.5 Details of Compression Ring Regions.

(a) If the force Q is negative, indicating compression,
the horizontal projection of the effective compression ring
region shall have awidth in a radial direction not less than
0.015 times the horizontal radius of the tank wall at the
level of the juncture between the roof or bottom and the
sidewalls. If such projected width does not meet this
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requirement, appropriate corrective measures shall be
taken as specified in this subparagraph.
(b) Whenever the circumferential force Q determined

in accordance with NCD-3933.4 is of such magnitude that
the area required by NCD-3933.4(b), eq. (27) is not
provided in a compression ring region with plates of
the minimum thicknesses established by the require-
ments of NCD-3932, or when Q is compressive and the
horizontal projection of thewidthwh is less than specified
in (a), the compressional ring region shall be reinforced
eitherby thickening the rooforbottomandsidewall plates
as required to provide a compressional ring region having
the necessary cross‐sectional area and width as deter-
mined on the basis of the thicker plates, or by adding
an angle, a rectangular bar, or a ring girder at the juncture
of the roof or bottom and sidewall plates, or by a combi-
nation of these alternatives.
NOTE: Unless the effect of the unit forces T2 and T2s on the
resulting increments in width of participating plate may
safely be neglected, the use of thicker plates involves recom-
puting not only wh and wc but also Q and Ac for the increased
plate thicknesses; hence, the design of the compression ring
region in this case resolves into a trial and error procedure.

(c) Such an angle, bar, or ring girder, if used, may be
located either inside or outside of the tank [see
Figure NCD-3933.5(d)-1 for some acceptable details of
construction of compression rings] and shall have a
cross section of such dimensions that

(1) its areamakesup thedeficiencybetween thearea
Ac required by NCD-3933.4(b), eq. (27) and the cross‐
sectional area provided by the compression ring region
in the walls of the tank;

(2) the horizontal width of the angle, bar, or ring
girder is not less than 0.015 times the horizontal
radius Rc of the tank wall at the level of the juncture

of the roof or bottom and the sidewalls, except that,
when the cross‐sectional area to be added in an angle
or bar is not more than one‐half the total area required
byNCD-3933.4(b), eq. (27), thewidth requirement for this
member may be disregarded, provided the horizontal
projection of the width wh of participating roof or
bottom plates alone is equal to or greater than 0.015Rc
or, with an angle or bar located on the outside of a
tank, the sum of the projection of the width wh and
the horizontal width of the added angle or bar is equal
to or greater than 0.015Rc;

(3) when bracing must be provided as specified in
(h), the moment of inertia of the cross section about a
horizontal axis shall be not less than that required by
(h), eq. (28).
(d) When the vertical leg of an angle ring or a vertical

flange of a ring girder is locatedon the sidewall of the tank,
it may be built into the sidewall if its thickness is not less
than that of the adjoining wall plates. However, if this
construction is not used, the leg, edge, or flange of the
compression ring next to the tank shall make good
contactwith thewall of the tank around the entire circum-
ference and, except as provided in (e) below, shall be
attached along both the top and bottom edges by contin-
uous fillet welds. These welds shall be of sufficient size to
transmit to the compression ring angle, bar, or girder that
portion,Qp, of the total circumferential force, Q, assuming,
in the case of welds separated by the width of a leg or
flange of a structural member as shown in Figure
NCD-3933.5(d)-1 sketches (a), (g), and (j), that only
the weld nearest the roof or bottom is effective. The
p a r t t h i c k n e s s e s a n d we l d s i z e s i n T a b l e
NCD-4247.6(d)-1 relate to dimensions in the as‐welded
condition before deduction of corrosion allowances,
but all other part thicknesses and weld sizes referred

Figure NCD-3933.4(a)-1
Compression Ring Region

ASME BPVC.III.1.NCD-2023

221

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.1.

NCD (A
SME BPVC Sec

tio
n I

II D
ivis

ion
 1 

Sub
se

cti
on

 N
CD) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NCD (ASME BPVC Section III Division 1 Subsection NCD) 2023.pdf


Figure NCD-3933.5(d)-1
Permissible Details of Compression Ring Construction

16t, max.
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    3/16 in.
    (5 mm)
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    of core wire,
    whichever
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See NCD-3921.7(a)(5)
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GENERAL NOTES:
(a) See NCD-3350 for limitations concerning locations where various types of welded joints may be used.
(b) For sketches (j) and (k), dimension B shall not exceed A.
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to in this subparagraph relate to dimensions after deduc-
tion of corrosion allowance.
(e) If a continuousweld is not needed for strength or as

a seal against corrosive elements, attachmentwelds along
the lower edge of a compression ring on the outside of a
tank may be intermittent provided:

(1) the summation of their lengths is not less than
one‐half the circumference of the tank;

(2) the unattached width of tank wall between the
ends of welds does not exceed eight times the tank wall
thickness exclusive of corrosion allowance;

(3) the welds are of such size as needed for strength
but in no case smaller than specif ied in Table
NCD-4247.6(d)-1.
(f) The projecting part of a compression ring shall be

placedascloseaspossible to the juncturebetween theroof
or bottom plates and the sidewall plates.
(g) If a compression ring on either the inside or outside

of a tank isof suchshape that liquidmaybe trapped, it shall
be provided with adequate drain holes uniformly distrib-
uted along its length. Similarly, if the shape of a compres-
sion ring on the inside of a tank is such that gas would be
trapped on the underside thereof when the tank is being
filled with liquid, adequate vent holes shall be provided
along its length. Where feasible, such drain or vent holes
shall be not less than 3/4 in. (19 mm) diameter.
(h) The projecting part of a compression ring without

an outer vertical flange need not be braced, provided the
widthof suchprojectingpart in a radial vertical planedoes
not exceed 16 times its thickness. With this exception, the
horizontal part of the compression ring shall be braced at
intervals around the circumference of the tank with
brackets or other suitable members securely attached
to both the ring and the tank wall to prevent such part
of the ring from buckling laterally. When such bracing
is required, the moment of inertia of the cross section
of the angle, bar, or ring girder about a horizontal axis
shall be not less than that calculated to be required by
the following equation:
NOTE: The value required for I1 as calculated from
NCD-3933.5(h), eq. (28) is not applicable for materials other
than steel.

(U.S. Customary Units)

= = ×I 5 10
Q R

k

Q R

k1
1.44

29, 000, 000
8p c p c

2 2
(28)

(SI Units)

= = ×I
Q R

k

Q R

k

1.44

200 000
7.2 10

p c p c
1

2 2
6

where

I1 = required moment of inertia, in.4 (mm4), for the
cross section of a steel compression ring with
respect to a horizontal axis through the centroid
of the section, not taking credit for any portion of
the tankwall except that, in thecaseof anangle ring
whose vertical leg is attached to or forms a part of
the tank wall, the moment of inertia of only the
horizontal leg shall be considered, and it shall
be figured with respect to a horizontal axis
through the centroid of such leg

k = a constant whose value depends on themagnitude
of the angle θ, subtended at the central axis of the
tank by the space between adjacent brackets or
other supports, which value shall be determined
from the tabulation in Table NCD-3933.5(h)-1,
in which n is the number of brackets or other
supports evenly spaced around the circumference
of the tank

Qp = that portion of the total circumferential force Q, lb
(N), [NCD-3933.4(b), eq. (26)] which is carried by
the compression ring angle, bar, or girder, as
computed from the ratio of the cross‐sectional
area of the compression ring to the total area of
the compression zone

Rc = horizontal radius, in. (mm), of the cylindrical side-
wall of the tank at its juncture with the roof or
bottom

NCD-3934 Nozzle Piping Transitions

The stress limits of Table NCD-3921.8-1 shall apply to
all portions of nozzles which lie within the limits of rein-
forcement given in NCD-3334, except as provided in
NCD-3935. Stresses in the extension of any nozzle
beyond the limits of reinforcement shall be subject to
the stress limits of NCD-3600.

NCD-3935 Consideration of Standard
Reinforcement

(a) Where a nozzle‐to‐shell junction is reinforced in
accordance with the rules of NCD-3334, the stresses in
this region due to internal pressure may be considered
to satisfy the limits of Table NCD-3921.8-1. Under
these conditions, no analysis is required to demonstrate
compliance for pressure-induced stresses in the nozzle
region.
(b) Where external piping loads are to be designed for,

membrane plus bending stresses due to these loads shall
be calculated in the nozzle, and membrane stresses shall
be calculated in the local nozzle‐to‐shell region. These
stresses, in conjunction with pressure-induced stresses,
shall meet the limits of Table NCD-3921.8-1 for (σm or
σL) + σb. In this case, the pressure-induced stresses in
the (σm or σL) + σb category may be assumed to be no
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greater than the limit specified for σm in Table
NCD-3921.8-1, for a given condition.

NCD-3940 ALTERNATE RULES FOR AXIAL
COMPRESSIVE MEMBRANE STRESSES
IN THE CYLINDRICAL WALLS OF 0 PSI
TO 15PSI (0 KPATO 100KPA) STORAGE
TANKS

The rules of this subsubarticle provide an alternative to
the allowable compressive stress rules of NCD-3922.3 for
loadings associated with Service Limits A, B, C, and D. The
remaining rules of the subarticle are still applicable.

NCD-3941 Limits of Application

The application of this subsubarticle is subject to the
following limitations:
(a) Therulesapply to the right circular cylindricalwalls

of tanks otherwise designed to the rules of NCD-3900.
(b) The specific criteria given herein are for the estab-

lishment of allowable axial membrane compressive
stresses for those locations on the cylindrical walls
where the corresponding total internal radial pressure
(e.g., hydrostatic pressure + vapor over pressure + hydro-
dynamic pressures from loading such as earthquake) is
equal to or greater than the external pressure. Except
as noted in (c), no specific provisions are given for loca-
tions on the cylindrical walls where the internal pressure
is less than the external pressure.
(c) These provisions do not provide criteria for hoop

compressive membrane stresses. If applicable, the design
specification shall provide for such conditions. However,
t h e u se o f t h i s sub suba r t i c l e r equ i r e s t ha t
NCD-3946, eqs. (40a), (40b), (40c), and (40d) be satisfied
for those locations where the hoop stress is compressive
and the axial stress is tensile.
(d) This subsubarticle applies for tanks where the

height of the cylindrical wall, H, divided by the radius
of the midsurface of wall, R, is equal to or less than
0.95 times the square root of the ratio of the radius to
the thickness of the wall [i.e., H/R R/t( ) 0.95 ) ]. See
NCD-3942 for definitions of H, R, and t.
(e) This subsubarticle is not applicable to tanks where

the main joints are lap welded.
(f) This subsubarticle does not address long column

buckling.

(g) All other requirements of NCD-3900 shall be satis-
fied.

NCD-3942 Nomenclature

The symbols used in this subsubarticle have the
following definitions:

DF = design factor applied to σa,u in order to estab-
lish σa,allow; dimensionless (see NCD-3945)

E = modulus of elasticity of the cylindrical wall
material, at the corresponding temperature,
given in the appropriate Section II, Part D,
Subpart 2, Table TM; ksi (MPa)

H = height of the right circular cylindrical wall
portion of the tank; in. (mm)

Lx = length of measurement over which construc-
tion tolerance deviations are measured; in.
(mm) (see NCD-3947)

p = net internal radial pressure, i.e., internal radial
pressure minus external pressure; ksi (MPa)
[see NCD-3941(b)]

R = nominal radius of the midsurface of the cylin-
drical wall; in. (mm)

S = allowable tensile stress of the cylindrical wall
material, at the corresponding temperature,
given in the appropriate Section II, Part D,
Subpart 1, Table 1A or Table 1B; ksi (MPa)

Sy = yield strength of the cylindrical wall material,
at the corresponding temperature, given in
Section II, Part D, Subpart 1, Table Y-1; ksi
(MPa)

t = nominal (supplied) thickness of the cylindrical
wall minus any allowances established in the
design specification for corrosion, erosion,
etc.; in. (mm)

α0 = buckling capacity reduction factor for a cylin-
drical wall with no net internal radial pres-
sure; dimensionless [see NCD-3943, eqs.
(29a) and (29b)]

αp = buck l i ng capac i t y r educ t i on f a c t o r
that includes the effect of net internal
rad ia l pressure ; d imens ion less [see
NCD-3943(b), eq. (31)]

β = nondimensional parameter used in the formu-
lation of axial compressive stress criteria;
dimensionless [see NCD-3943(g), eq. (35)]

Table NCD-3933.5(h)-1
Some Values for k Based on n, θ

n 30 24 20 18 15 12 10 9 8 6 5 4
θ, deg 12 15 18 20 24 30 36 40 45 60 72 90
k 186.6 119.1 82.4 66.6 45.0 29.1 20.0 16.0 12.5 6.7 4.4 2.6

GENERAL NOTE: In no case shall θ be larger than 90 deg.
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Δx = geometric imperfection; in. (mm) (see
NCD-3947)

λp = slenderness parameter that includes the effect
of net internal radial pressure; dimensionless
[see NCD-3943(g), eq. (36)]

υ = Poisson’s ratio of the cylindrical wall material
given in Section II, Part D, Subpart 2, Table NF-
1; dimensionless. If no value is given for the
material, use υ = 0.3

ρ = parameter involving internal pressure;
dimensionless [see NCD-3943(a), eq. (30)]

σa = ax ia l membrane compress ive s t ress
(compressive stress is positive); ksi (MPa)
(see NCD-3946)

σa,allow = allowable value of the axial membrane
compressive stress (compressive stress is
positive); ksi (MPa) [see NCD-3944(b),
eq. (39)]

σa,u = lower bound for the axial membrane buckling
stress (compressive stress is positive); ksi
(MPa) (see NCD-3943)

σcl = classical linear elastic (bifurcation) buckling
stress (compressive stress is positive)
for a cylinder of perfect geometry ideal
boundary condit ions; ksi (MPa) [see
NCD-3943(d), eq. (32)]

σeff = lower bound for the total effective membrane
buckling or collapse stress; ksi (MPa) (see
NCD-3943)

σh = hoop membrane stress (tensile stress is posi-
tive); ksi (MPa) [see NCD-3943(e), eq. (33)]

NCD-3943 Axial Compressive Stress Criteria

The allowable axial membrane compressive stress is
expressed as a function of the lower bound value of
stress at which buckling could be expected to occur,
σa,u, and a design factor. The design factor is specified
in NCD-3945 for different service levels. The quantity
σa,u is established from the criteria set forth in this para-
graph. A buckling capacity reduction factor, α0, is defined
by eq. (29a) or eq. (29b).

=
+

for R t/ 212o R t
0.83

1.0 0.01 /
(29a)

= >
+

for R t/ 212o R t
0.70

0.1 0.01 /
(29b)

(a) This buckling capacity factor, α0, corresponds to a
cylinder subjected to axial compression with no net
internal radial pressure. The influence of a net internal
radial pressure acting on the cylindricalwalls is expressed
with the aid of a dimensionless parameter, ρ, defined by
eq. (30).

= ( )p
E

R
t

3
2 (30)

(b) A value of the buckling capacity reduction factor
that acknowledges the benefit of a net internal radial pres-
sure, αρ, is determined from eq. (31).

= +
+

(1 )p o o 0.007
(31)

(c) For the purpose of establishing the allowable axial
compressive stress at any location on the cylindrical wall,
the value of the net internal radial pressure that exists at
that location, coincidentwith the compressive stress, shall
be used to establish ρ and hence αp. When more than one
valueofnet internalpressuremayaccompanyagivenaxial
stress, it shall bedemonstrated that the controlling combi-
nationof internal pressureandaxial stresshasbeenestab-
lished. This is accomplished by implementing the
procedures established in this subsubarticle using both
the minimum and the maximum values of the net internal
pressures thatmayexist for the conditionbeingevaluated.
(d) The classical linear elastic buckling stress for a cyl-

inder of perfect geometry subjected to compressive axial
loads is given by eq. (32).

= ( )cl
E t

R3 (1 )2
(32)

(e) The hoop tensile stress from internal pressure that
accompanies the axial compressive stress shall be estab-
lished frommembrane theory in accordancewith eq. (33).

= ph
R
t

(33)

(f) Here the value of the net internal radial pressure
acting on the wall, p, shall be the same as that used to
computeρ in (a), eq. (30).Hoop tensile stress is considered
positive.
(g) With the values of the parameters established

above, the required quantity σa,u is one of four unknowns
(σa,u, σeff, β, and λp) in the four simultaneous equations
given as eqs. (34), (35), (36), (37a), and (37b).

= + +eff a u h a u h,
2 2

,
(34)

= a u

eff

, (35)

=p
Sy

p cl
(36)

= for 1.414
S p

0.75eff

y p
2 (37a)
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= <(1.0 0.4123 ) for 1.414
S p p

1,2eff

y
(37b)

(h) When the hoop stress is zero, these equations can
be solved explicitly for σa,u. In the more general case, a
method such as outlined in NCD-3944 must be used.

NCD-3944 Allowable Axial Membrane
Compressive Stresses

Any method of solving the system of equations given in
NCD-3943 is satisfactory. Provided herein is one accept-
ablemethod. Note that NCD-3943(g), eq. (34) can be rear-
ranged as shown in eq. (38).

= ( 0.75 ) 0.5a u eff h h,
2 2 (38)

(a) The algorithm proceeds as follows:
Step 1. Compute parameters α0, ρ, αp, σcl, and σh for

the set of conditions being evaluated.
S t e p 2 . E s t i m a t e a v a l u e o f β [ n o t e

NCD-3943(g), eq. (35)] and call the value β’.
Step 3. Compute λp fromNCD-3943(g), eq. (36) using

β’ for β.
Step 4. Compute σeff from NCD-3943(g), eqs. (37a)

and (37b).
Step 5. Compute σa,u from eq. (38).
Step 6. Compute β from NCD-3943(g), eq. (35).
Step 7. Compare the computed value of β (Step 6)

with the estimated value of β’. If the computed value
of β is close to the estimated value of β’ (i.e., within
±2%), note the value of σa,u obtained from Step 5 for
use as described below. If not, select a revised β estimate,
β’, and return to Step 3.
(b) The allowable value of the axial compressive

membrane stress, σa,allow, shall be established from
eq. (39).

=a DF,allow
a u, (39)

(c) In (b), eq. (39), the minimum values of the design
factors against buckling, DF, are provided inNCD-3945 for
the different service levels.
(d) As an alternative to solving the equations of

NCD-3943 by methods as described above, the plotted
curves provided in Figures NCD-3944-1 through
NCD-3944-6 (NCD-3944-1M through NCD-3944-6M)
may be used for ferrous materials of various yield
strengths at temperatures not exceeding 300°F (150°C).
These curves establish the allowable axial membrane

compressive stress at a location on the tank wall
where the net internal radial pressure is equal to or
greater than zero. Linear interpolation between the
curves is permitted. To establish the allowable axial
membrane compressive stress for a given service level,
the value read from the ordinate of the curve shall be
divided by the appropriate design factor, DF, consistent

with the service level assigned by the design specification
to the loading combination being evaluated. The value of
Sy shall be the yield strength of the material at the corre-
sponding temperature, obtained from Section II, Part D,
Subpart 1, Table Y-1.
The value of ρ [see NCD-3943(a), eq. (30)] shall be

computed from the pressure at the location of interest
and under the same loading conditions as those that
produce the axial membrane compressive stress being
evaluated.
Note that the tabular representation of the data in

F i g u r e s NCD - 3 9 4 4 - 1 t h r o u g h NCD - 3 9 4 4 - 6
(NCD-3944-1M through NCD-3944-6M) are for ferrous
materials at temperatures equal to or less than 300°F
(150°C). Other Code temperature limits may also apply.

NCD-3945 Axial Compressive Stress Design
Factors

The design factors, DF, for use in establishing the allow-
able values of axial membrane compressive stress with
NCD-3944(b), eq. (39) shall be as follows:

Service Level Design Factors, DF
A 2
B 2
C 5∕3
D 4∕3

NCD-3946 Corresponding Allowable Hoop
Membrane Stresses

When the allowable axial membrane compressive
stress is established by the use of this subsubarticle,
the requirements of this paragraph, expressed in
eqs. (40a) through (40d), shall also be satisfied. The
hoop membrane stress may be computed by use of
NCD-3943(e), eq. (33), or results from more detailed
stress analyses may be used, but the largest value of coin-
cident pressure shall be considered for each value of
corresponding axial stress. For designs qualified by use
of this subsubarticle, the requirements of eqs. (40a)
through (40d) shall also apply for those situations
where the cylindrical wall is in a state of hoop membrane
compression in combination with axial membrane
tension. With the value of S established from the appro-
priate Section II, Part D, Subpart 1, Table 1A or Table 1B,
the following requirements expressed as eqs. (40a), (40b),
(40c), and (40d) shall be satisfied:

+ S1.0 , for Service Level Aa h (40a)

+ S1.1 , for Service Level Ba h (40b)

+ S1.5 , for Service Level Ca h (40c)
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+ S2.0 , for Service Level Da h (40d)

NCD-3947 Construction Tolerances

In addition to the applicable requirements established
inNCD-4220, a tolerance shall applyonbulgesor flat spots
in the cylindrical walls that result from vertical elements
of the cylinder being other than straight lines. This toler-
ance is expressed in terms of the quantities illustrated in
Figure NCD-3947-1. A straight rod is to be positioned

either inside or outside the tank, as appropriate, for
the deviation being evaluated. The length of the rod,
Lx, shall be ±Rt4 10%. The amplitude of the deviation,
Δx, shall not exceed 1% of Lx. These tolerance require-
ments, which are in addition to those given in
NCD-4220, apply only to regions of the cylindrical
walls where allowable compressive stresses are estab-
lished by the rules of this subsubarticle.
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Figure NCD-3944-1
Design Factor Times Allowable Axial Membrane Compressive Stress Versus Radius Over Thickness for Ferrous

Materials With Yield Strengths of 25 ksi at Temperatures ≤ 300°F
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Tabular Values
R/t ρ = 0.000 ρ = 0.003 ρ = 0.006 ρ = 0.012 ρ = 0.024
10 24.05 ... ... ... ...
25 23.30 ... ... ... ...
50 22.28 14.72 ... ... ...
75 21.36 15.83 ... ... ...
100 20.50 16.17 9.16 ... ...
200 17.29 15.60 11.96 ... ...
300 14.01 14.21 12.07 ... ...
400 10.79 12.73 11.56 6.27 ...
500 7.88 11.30 10.87 6.97 ...
600 6.00 9.94 10.11 7.23 ...
700 4.77 8.67 9.34 7.26 ...
800 3.91 7.50 8.60 7.16 ...
1,000 2.80 5.77 7.23 6.76 1.53
1,250 2.01 4.45 5.77 6.13 2.42
1,500 1.53 3.61 4.73 5.48 2.87

GENERAL NOTE: Curves are for ferrous materials, temperature ≤ 300°F; other code temperature limits may also apply.
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Figure NCD-3944-1M
Design Factor Times Allowable Axial Membrane Compressive Stress Versus Radius Over Thickness for Ferrous

Materials With Yield Strengths of 175 MPa at Temperatures ≤ 150°C
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Tabular Values
R/t ρ = 0.000 ρ = 0.003 ρ = 0.006 ρ = 0.012 ρ = 0.024
10 165.825 ... ... ... ...
25 160.654 ... ... ... ...
50 153.621 101.494 ... ... ...
75 147.277 109.148 ... ... ...
100 141.348 111.492 63.158 ... ...
200 119.215 107.562 82.464 ... ...
300 96.599 97.978 83.223 ... ...
400 74.397 87.773 79.706 43.232 ...
500 54.333 77.914 74.949 48.058 ...
600 41.370 68.536 69.708 49.851 ...
700 32.889 59.780 64.399 50.058 ...
800 26.959 51.713 59.297 49.368 ...
1,000 19.306 39.784 49.851 46.610 10.549
1,250 13.859 30.683 39.784 42.266 16.686
1,500 10.549 24.891 32.613 37.785 19.789

GENERAL NOTE: Curves are for ferrous materials, temperature ≤ 150°C; other code temperature limits may also apply.
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Figure NCD-3944-2
Design Factor Times Allowable Axial Membrane Compressive Stress Versus Radius Over Thickness for Ferrous

Materials With Yield Strengths of 30 ksi at Temperatures ≤ 300°F
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Tabular Values
R/t ρ = 0.000 ρ = 0.003 ρ = 0.006 ρ = 0.012 ρ = 0.024
10 28.73 ... ... ... ...
25 27.72 ... ... ... ...
50 26.35 19.31 ... ... ...
75 25.13 20.02 ... ... ...
100 23.97 20.06 13.82 ... ...
200 19.69 18.59 15.47 ... ...
300 15.28 16.45 14.84 8.55 ...
400 10.98 14.32 13.76 9.47 ...
500 7.88 12.31 12.57 9.64 ...
600 6.00 10.45 11.39 9.49 1.07
700 4.77 8.79 10.27 9.17 2.14
800 3.91 7.50 9.22 8.77 2.92
1,000 2.80 5.77 7.37 7.88 3.82
1,250 2.01 4.45 5.77 6.80 4.28
1,500 1.53 3.61 4.73 5.48 4.36

GENERAL NOTE: Curves are for ferrous materials, temperature ≤ 300°F; other code temperature limits may also apply.
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Figure NCD-3944-2M
Design Factor Times Allowable Axial Membrane Compressive Stress Versus Radius Over Thickness for Ferrous

Materials With Yield Strengths of 210 MPa at Temperatures ≤ 150°C
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Tabular Values
R/t ρ = 0.000 ρ = 0.003 ρ = 0.006 ρ = 0.012 ρ = 0.024
10 198.093 ... ... ... ...
25 191.129 ... ... ... ...
50 181.683 133.142 ... ... ...
75 173.271 138.038 ... ... ...
100 165.273 138.314 95.289 ... ...
200 135.763 128.178 106.666 ... ...
300 105.356 113.423 102.322 58.952 ...
400 75.707 98.736 94.875 65.296 ...
500 54.333 84.877 86.670 66.468 ...
600 41.370 72.053 78.534 65.434 7.378
700 32.889 60.607 70.812 63.227 14.755
800 26.959 51.713 63.572 60.469 20.133
1,000 19.306 39.784 50.816 54.333 26.339
1,250 13.859 30.683 39.784 46.886 29.511
1,500 10.549 24.891 32.613 37.785 30.062

GENERAL NOTE: Curves are for ferrous materials, temperature ≤ 150°C; other code temperature limits may also apply.
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Figure NCD-3944-3
Design Factor Times Allowable Axial Membrane Compressive Stress Versus Radius Over Thickness for Ferrous

Materials With Yield Strengths of 35 ksi at Temperatures ≤ 300°F
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R/t ρ = 0.000 ρ = 0.003 ρ = 0.006 ρ = 0.012 ρ = 0.024
10 33.38 ... ... ... ...
25 32.08 ... ... ... ...
50 30.33 23.68 ... ... ...
75 28.77 24.02 16.71 ... ...
100 27.29 23.76 18.08 ... ...
200 21.80 21.32 18.65 9.98 ...
300 16.17 18.36 17.27 11.90 ...
400 10.98 15.52 15.57 12.16 ...
500 7.88 12.91 13.88 11.84 2.54
600 6.00 10.56 12.27 11.27 3.91
700 4.77 8.79 10.78 10.61 4.76
800 3.91 7.50 9.43 9.91 5.26
1,000 2.80 5.77 7.37 8.57 5.69
1,250 2.01 4.45 5.77 7.11 5.67
1,500 1.53 3.61 4.73 5.91 5.40

GENERAL NOTE: Curves are for ferrous materials, temperature ≤ 300°F; other code temperature limits may also apply.
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Figure NCD-3944-3M
Design Factor Times Allowable Axial Membrane Compressive Stress Versus Radius Over Thickness for Ferrous

Materials With Yield Strengths of 245 MPa at Temperatures ≤ 150°C

Sy = 245 MPa
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Tabular Values
R/t ρ = 0.000 ρ = 0.003 ρ = 0.006 ρ = 0.012 ρ = 0.024
10 230.155 ... ... ... ...
25 221.192 ... ... ... ...
50 209.125 163.274 ... ... ...
75 198.369 165.618 115.215 ... ...
100 188.165 163.825 124.662 ... ...
200 150.311 147.001 128.592 68.812 ...
300 111.492 126.592 119.077 82.051 ...
400 75.707 107.010 107.355 83.843 ...
500 54.333 89.014 95.703 81.637 17.513
600 41.370 72.811 84.602 77.707 26.959
700 32.889 60.607 74.328 73.156 32.820
800 26.959 51.713 65.020 68.329 36.268
1,000 19.306 39.784 50.816 59.090 39.233
1,250 13.859 30.683 39.784 49.023 39.095
1,500 10.549 24.891 32.613 40.749 37.233

GENERAL NOTE: Curves are for ferrous materials, temperature ≤ 150°C; other code temperature limits may also apply.
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Figure NCD-3944-4
Design Factor Times Allowable Axial Membrane Compressive Stress Versus Radius Over Thickness for Ferrous

Materials With Yield Strengths of 40 ksi at Temperatures ≤ 300°F
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Tabular Values
R/t ρ = 0.000 ρ = 0.003 ρ = 0.006 ρ = 0.012 ρ = 0.024
10 38.00 ... ... ... ...
25 36.39 25.91 ... ... ...
50 34.22 27.90 ... ... ...
75 32.28 27.86 21.10 ... ...
100 30.45 27.28 22.06 ... ...
200 23.66 23.82 21.56 13.80 ...
300 16.68 19.98 19.40 14.83 ...
400 10.98 16.38 17.06 14.46 3.62
500 7.88 13.14 14.83 13.64 5.53
600 6.00 10.56 12.78 12.67 6.49
700 4.77 8.79 10.95 11.67 6.99
800 3.91 7.50 9.44 10.70 7.20
1,000 2.80 5.77 7.37 8.94 7.14
1,250 2.01 4.45 5.77 7.16 6.68
1,500 1.53 3.61 4.73 5.91 6.10

GENERAL NOTE: Curves are for ferrous materials, temperature ≤ 300°F; other code temperature limits may also apply.
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Figure NCD-3944-4M
Design Factor Times Allowable Axial Membrane Compressive Stress Versus Radius Over Thickness for Ferrous

Materials With Yield Strengths of 280 MPa at Temperatures ≤ 150°C

Sy = 280 MPa
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Tabular Values
R/t ρ = 0.000 ρ = 0.003 ρ = 0.006 ρ = 0.012 ρ = 0.024
10 262.010 ... ... ... ...
25 250.909 178.649 ... ... ...
50 235.947 192.371 ... ... ...
75 222.571 192.095 145.485 ... ...
100 209.953 188.096 152.104 ... ...
200 163.136 164.239 148.656 95.151 ...
300 115.009 137.762 133.763 102.253 ...
400 75.707 112.940 117.629 99.702 24.960
500 54.333 90.600 102.253 94.048 38.129
600 41.370 72.811 88.118 87.360 44.749
700 32.889 60.607 75.500 80.465 48.196
800 26.959 51.713 65.089 73.777 49.644
1,000 19.306 39.784 50.816 61.641 49.230
1,250 13.859 30.683 39.784 49.368 46.059
1,500 10.549 24.891 32.613 40.749 42.060

GENERAL NOTE: Curves are for ferrous materials, temperature ≤ 150°C; other code temperature limits may also apply.
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Figure NCD-3944-5
Design Factor Times Allowable Axial Membrane Compressive Stress Versus Radius Over Thickness for Ferrous

Materials With Yield Strengths of 45 ksi at Temperatures ≤ 300°F
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Tabular Values
R/t ρ = 0.000 ρ = 0.003 ρ = 0.006 ρ = 0.012 ρ = 0.024
10 42.58 ... ... ... ...
25 40.64 30.56 ... ... ...
50 38.02 32.00 23.10 ... ...
75 35.68 31.56 25.24 ... ...
100 33.47 30.66 25.81 ... ...
200 25.27 26.11 24.24 17.26 ...
300 16.84 21.32 21.25 17.43 3.73
400 10.98 16.93 18.25 16.43 6.76
500 7.88 13.14 15.48 15.12 8.13
600 6.00 10.56 13.00 13.74 8.13
700 4.77 8.79 10.95 12.41 8.85
800 3.91 7.50 9.44 11.18 8.76
1,000 2.80 5.77 7.37 9.06 8.24
1,250 2.01 4.45 5.77 7.16 7.39
1,500 1.53 3.61 4.73 5.91 6.54

GENERAL NOTE: Curves are for ferrous materials, temperature ≤ 300°F; other code temperature limits may also apply.
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Figure NCD-3944-5M
Design Factor Times Allowable Axial Membrane Compressive Stress Versus Radius Over Thickness for Ferrous

Materials With Yield Strengths of 315 MPa at Temperatures ≤ 150°C

Sy = 315 MPa
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Tabular Values
R/t ρ = 0.000 ρ = 0.003 ρ = 0.006 ρ = 0.012 ρ = 0.024
10 293.589 ... ... ... ...
25 280.213 210.711 ... ... ...
50 262.148 220.640 159.275 ... ...
75 246.014 217.606 174.030 ... ...
100 230.776 211.401 177.960 ... ...
200 174.237 180.028 167.135 119.008 ...
300 116.112 147.001 146.519 120.180 25.718
400 75.707 116.732 125.834 113.285 46.610
500 54.333 90.600 106.735 104.252 56.056
600 41.370 72.811 89.635 94.737 56.056
700 32.889 60.607 75.500 85.567 61.021
800 26.959 51.713 65.089 77.086 60.400
1,000 19.306 39.784 50.816 62.469 56.815
1,250 13.859 30.683 39.784 49.368 50.954
1,500 10.549 24.891 32.613 40.749 45.093

GENERAL NOTE: Curves are for ferrous materials, temperature ≤ 150°C; other code temperature limits may also apply.
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Figure NCD-3944-6
Design Factor Times Allowable Axial Membrane Compressive Stress Versus Radius Over Thickness for Ferrous

Materials With Yield Strengths of 50 ksi at Temperatures ≤ 300°F
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Tabular Values
R/t ρ = 0.000 ρ = 0.003 ρ = 0.006 ρ = 0.012 ρ = 0.024
10 47.14 ... ... ... ...
25 44.84 35.09 ... ... ...
50 41.74 35.98 27.58 ... ...
75 38.97 35.15 29.20 ... ...
100 36.35 33.89 29.39 16.19 ...
200 26.64 28.19 26.71 20.42 ...
300 16.84 22.41 22.87 19.74 ...
400 10.98 17.19 19.17 18.12 9.56
500 7.88 13.14 15.85 16.30 10.42
600 6.00 10.56 13.01 14.53 10.57
700 4.77 8.79 10.95 12.89 10.38
800 3.91 7.50 9.44 11.42 10.01
1,000 2.80 5.77 7.37 9.06 9.06
1,250 2.01 4.45 5.77 7.16 7.86
1,500 1.53 3.61 4.73 5.91 6.79

GENERAL NOTE: Curves are for ferrous materials, temperature ≤ 300°F; other code temperature limits may also apply.
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Figure NCD-3944-6M
Design Factor Times Allowable Axial Membrane Compressive Stress Versus Radius Over Thickness for Ferrous

Materials With Yield Strengths of 350 MPa at Temperatures ≤ 150°C

Sy = 350 MPa
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Tabular Values
R/t ρ = 0.000 ρ = 0.003 ρ = 0.006 ρ = 0.012 ρ = 0.024
10 325.030 ... ... ... ...
25 309.172 241.946 ... ... ...
50 287.797 248.082 190.164 ... ...
75 268.698 242.359 201.334 ... ...
100 250.633 233.672 202.644 111.630 ...
200 183.683 194.370 184.165 140.796 ...
300 116.112 154.517 157.689 136.107 ...
400 75.707 118.525 132.177 124.937 65.916
500 54.333 90.600 109.286 112.389 71.846
600 41.370 72.811 89.704 100.184 72.880
700 32.889 60.607 75.500 88.877 71.570
800 26.959 51.713 65.089 78.741 69.019
1,000 19.306 39.784 50.816 62.469 62.469
1,250 13.859 30.683 39.784 49.368 54.195
1,500 10.549 24.891 32.613 40.749 46.817

GENERAL NOTE: Curves are for ferrous materials, temperature ≤ 150°C; other code temperature limits may also apply.
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Figure NCD-3947-1
Meridional Straightness Tolerance
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ARTICLE NCD-4000
FABRICATION AND INSTALLATION

NCD-4100 GENERAL REQUIREMENTS

NCD-4110 INTRODUCTION

(a) Components, parts, and appurtenances shall be
fabricated and installed in accordance with the rules of
this Article and shall be manufactured from materials
which meet the requirements of Article NCD-2000.
(b) Atmosphericand0psig to15psig (0kPa to100kPa)

storage tanks shall be fabricated in accordance with the
rules of this Article.
(c) Class 2 vessels designed to the requirements of

NCD-3200 shall meet the requirements of this Article
except for NCD-4240 and NCD-4433. In this case, the re-
quirements of NCD-4260 apply.

NCD-4120 CERTIFICATION OF MATERIALS AND
FABRICATION BY COMPONENT
CERTIFICATE HOLDER

NCD-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 NCD-2000 and that the fabri-
cation or installation complies with the requirements of
this Article.

NCD-4121.1 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 (NCA‐3862 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.

NCD-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 (NCD-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 speci-
mens taken from test couponswhich have been taken and

treated in accordance with the requirements of Article
NCD-2000.

NCD-4121.3 Repetition of Surface Examination After
Machining. During the fabrication or installation of an
item, if materials for pressure-containing parts are
machined, then the Certificate Holder shall reexamine
the surface of the material in accordance with
NCD-2500 when:
(a) the surface was required to be examined by the

magnetic particle or liquid penetrant method in accor-
dance with NCD-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.

NCD-4122 Materials Identification

(a) Material for pressure-retaining parts shall carry
identificationmarkingswhichwill remain distinguishable
until the component is assembled or installed. If the
original identificationmarkings are cut off or thematerial
is divided, either the marks shall be transferred to the
parts cut or a codedmarking shall be used to ensure iden-
tification of each piece of material during subsequent
fabrication 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 materials 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 which ensures that the specified materials
are used.
(b) Material from which the identification marking is

lost shall be treated as nonconforming material until
appropriate tests or other verifications are made and
documented to assure material identification. Testing
is required unless positive identification can be made
by other documented evidence. The material may then
be remarked upon establishing positive identification.
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NCD-4122.1 Marking Materials. Material shall be
marked in accordance with NCD-2150.

NCD-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 NCD-4000, may be performed by the persons
who perform or supervise the work. These visual exam-
inations are not required to be performed by personnel
and procedures qualified to NCD-5100 and NCD-5500
respectively, unless so specified.

NCD-4125ð23Þ Testing of Welding and Brazing
Materials

All welding material shall meet the requirements of
NCD-2400. All brazing material shall meet the require-
ments of NCD-4512.

NCD-4130 REPAIR OF MATERIAL

Material originally accepted on delivery in which
defects exceeding the limits of NCD-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 NCD-2500 for the applicable product form,
except that:
(a) the limitation on the depth of the weld repair does

not apply;
(b) the time of examination of the weld repairs to weld

edge preparations shall be in accordance with NCD-5130
for Class 2 or NCD-5120 for Class 3;
(c) radiographic examination is not required for weld

repairs to seal membrane material when the material
thickness is 1∕4 in. (6 mm) or less;
(d) radiographic examination is not required for

welded repairs inmaterial used in storage tanks, provided
that the welded joints in these materials are not required
to be radiographed, the extent of the welded repair does
not exceed 10 in.2 (6 500mm2) of the surface area, and the
magnetic particle or liquid penetrant examination of the
repair is made as required by NCD-2539.4.

NCD-4200 FORMING, CUTTING, AND
ALIGNING

NCD-4210 CUTTING, FORMING, AND BENDING

NCD-4211 Cutting

Materials may be cut to shape and size by mechanical
means, such asmachining, shearing, chipping, or grinding,
or by thermal cutting.

NCD-4211.1 Preheating Before Thermal Cutting.
When thermal cutting is performed to prepare weld
joints or edges, to remove attachments or defective mate-
rial, 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.

NCD-4212 Forming and Bending Processes

Any process may be used to hot or cold form or bend
pressure-retaining materials, including weld metal,
provided the required dimensions are attained (see
NCD-4214andNCD-4220), andprovided the impact prop-
erties of the materials, when required, are not reduced
below the minimum specified values, or they are effec-
tively 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 temperature of the material.
When required, the process shall be qualified for
impact properties as outlined in NCD-4213. When
required, the process shall be qualified to meet thickness
requirements as outlined in NCD-4223.1.

NCD-4213 Qualification of Forming Processes for
Impact Property Requirements

When impact testing is required by the Design Speci-
fications, a procedure qualification test shall be conducted
using specimens taken from materials of the same spec-
ification, grade or class, heat treatment, and with similar
impact properties, as required for the material in the
component. These specimens shall be subjected to the
equivalent formingorbendingprocess andheat treatment
as thematerial in the component. Applicable tests shall be
conducted to determine that the required impact proper-
ties of NCD-2300 are met after straining.

NCD-4213.1 Exemptions. Procedure qualification tests
are not required for material listed in (a) through (f)
below:
(a) hot formed material, such as forgings, in which the

hot forming is completed by the Material Organization
prior to removal of the impact test specimens;
(b) hot formed materials represented by test coupons

required in either NCD-2211 or NCD-4121.2 which have
been subjected to heat treatment representing the hot
forming procedure and the heat treatments to be
applied to the parts;
(c) materials which do not require impacts in accor-

dance with NCD-2300;
(d) materials which have a final strain less than 0.5%;
(e) material where the final strain is less than that of a

previously qualified procedure for that material;
(f) material from which the impact testing required by

NCD-2300 isperformedoneachheatand lot, as applicable,
after forming.
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NCD-4213.2 Procedure Qualification Test. The proce-
dure qualification test shall be performed in the manner
stipulated in (a) through (f) below.
(a) The tests shall be performed on three different

heats ofmaterial, both before straining and after straining
and heat treatment, to establish the effects of the forming
and subsequent heat treatment operations.
(b) Specimens shall be taken in accordance with the

requirements of Article NCD-2000 and shall be taken
from the tension side of the strained material.
(c) The percent strain shall be established by the

following equations:
(1) For cylinders

=
i
k
jjjjj

y
{
zzzzz

t
R

R

R
% strain

50
1

f

f

o

(2) For spherical or dished surfaces

=
i
k
jjjjj

y
{
zzzzz

t
R

R

R
% strain

75
1

f

f

o

(3) For pipe

= r
R

% strain
100

where

R = nominal bending radius to the center line of the
pipe

r = nominal radius of the pipe
Rf = final radius to center line of shell
Ro = original radius (equal to infinity for a flat part)
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) Sufficient Charpy V-notch test specimens shall be

taken from each of the three heats of material to establish
a transition curve showing both the upper and lower
shelves. On each of the three heats, tests consisting of
three impact specimens shall be conducted at a
minimum of five different temperatures distributed
throughout the transition region. The upper and lower
shelvesmaybe establishedby theuseof one test specimen
for each shelf. Depending on the product form, it may be
necessary to plot the transition curves using both the
lateral expansion and energy level data (NCD-2300). In
addition, drop weight tests shall be made when required
by NCD-2300.
(f) Using the results of the impact test data fromeach of

three heats, taken both before and after straining, deter-
mine either:

(1) the maximum change in NDT temperature along
with

(-a) themaximum change of lateral expansion and
energy at the temperature under consideration; or

(-b) the maximum change in temperature at the
lateral expansion and energy levels under consideration;
or

(2) where lateral expansion is theacceptancecriteria
(NCD-2300), either the maximum change in temperature
or the maximum change in lateral expansion.

NCD-4213.3 Acceptance Criteria for Formed Material.
To be acceptable, the formed material used in the compo-
nent shall have impact properties, before forming, suffi-
cient to compensate for the maximum loss of impact
properties due to the qualified forming procedure used.

NCD-4213.4 Requalification. A new procedure qualifi-
cation test is required when any of the changes in (a), (b),
or (c) below are made.
(a) The actual postweld heat treatment time at

temperature is greater than previously qualified consid-
ering NCD-2211. If the material is not postweld heat
treated, theproceduremustbequalifiedwithoutpostweld
heat treatment.
(b) The maximum calculated strain of the material

exceeds thepreviouslyqualified strainbymore than0.5%.
(c) Where preheat over 250°F (120°C) is used in the

forming or bending operation but not followedby a subse-
quent postweld heat treatment.

NCD-4214 Minimum Thickness of Fabricated
Material

If any fabricationoperation reduces the thicknessbelow
the minimum required to satisfy the rules of NCD-2124
and Article NCD-3000, the material may be repaired in
accordance with NCD-4130.

NCD-4220 FORMING TOLERANCES

NCD-4221 Tolerance for Vessel Shells

Cylindrical, conical, or spherical shells of a completed
vessel, except formed heads covered by NCD-4222, shall
meet the requirements of the following subparagraphs at
all cross sections.

NCD-4221.1 Maximum Difference in Cross‐Sectional
Diameters.

(a) The difference in inches (millimeters) between the
maximum and minimum diameters at any cross‐section
shall not exceed the smaller of

(U.S. Customary Units)

+D D50
200

and
100

ASME BPVC.III.1.NCD-2023

243

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.1.

NCD (A
SME BPVC Sec

tio
n I

II D
ivis

ion
 1 

Sub
se

cti
on

 N
CD) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NCD (ASME BPVC Section III Division 1 Subsection NCD) 2023.pdf


(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 (Figure NCD-4221.1-1). When the cross section
passes through an opening, the permissible difference
in inside diameters given herein may be increased by
2% of the inside diameter of the opening.
(b) For Class 3 vessels with longitudinal lap joints, the

permissible difference in inside diameters may be
increased by the nominal plate thickness.

NCD-4221.2 Maximum Deviation From True Theore-
tical Form for External Pressure. Vessels designed for
external pressure shall meet the tolerances given in (a)
through (e) below.
(a) The maximum plus or minus deviation from the

true circular form of cylinders or the theoretical form
of other shapes, measured radially on the outside or
inside of the component , shal l not exceed the
maximum permissible deviation obtained from
Figure NCD-4221.2(a)-1. Measurements shall be made
from a segmental circular template having the design
insideor outside radius dependingonwhere themeasure-
ments are taken and a chord length equal to twice the arc
length obtained from Figure NCD-4221.2(a)-2. For Figure
NCD-4221.2(a)-1, the maximum permissible deviation e
neednotbe less than0.3t. ForFigureNCD-4221.2(a)-2, the
arc length need not be greater than 0.30Do. Measurements
shall not be taken on welds or other raised parts.
(b) The value of t at any cross section
(1) The value of t, in., at any cross section is the

nominal plate thickness less corrosion allowance for
sections of constant thickness and the nominal thickness
of the thinnest plate less corrosion allowance for sections
having plates of more than one thickness.

(2) ForClass3vesselswith longitudinal lap joints, t is
the nominal plate thickness and the permissible deviation
is (t + e).
(c) The value of L in Figures NCD-4221.2(a)-1 and

NCD-4221.2(a)-2 is determined by (1), (2), and (3) below.
(1) For cylinders, L is as given in NCD-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,withDo takenas theoutsidediameter in inches (milli-
meters) of the cylinder at the large end of the cone.

(3) For spheres, L is one‐half of the outside diameter
Do, in. (mm).
(d) The dimensions of a completed vessel may be

brought within the requirements by any process which
will not impair the strength of the material.
(e) Sharp bends and flat spots shall not be permitted

unless provision is made for them in the design.

NCD-4221.3 Deviations From Tolerances. Deviations
from the tolerance requirements stipulated in
NCD-4221.1 and NCD-4221.2 are permitted, provided
the drawings are modified and reconciled with the
design calculations.

NCD-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.

NCD-4221.5 LocalizedThinAreas.Localized thin areas
are permitted if the adjacent areas surrounding each have
sufficient thickness to provide the necessary reinforce-
ment according to the rules for reinforcement in
NCD-3330.

NCD-4222 Tolerances for Formed Vessel Heads

The tolerance for formed vessel heads shall be as set
forth in the following subparagraphs.

NCD-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 the maximum andminimum diameters
does not exceed the lesser of

(U.S. Customary Units)
+ +D D50

200
and

12
100

Figure NCD-4221.1-1
Maximum Difference in Cross‐Sectional Diameters
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(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 NCD-4232.

NCD-4222.2 Deviation From Specified Shape.

(a) The inner surface of a torispherical or ellipsoidal
head shall not deviate outside the specified shape by
more than 11∕4% of D, nor inside the specified shape
by more than 5∕8 % of D, where D is 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.
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 in NCD-4221.2, using L as the outside spherical
radius in inches (millimeters) and Do as 2 times L.

(c) Deviation measurements shall be taken on the
surface of the base material and not on welds.

NCD-4223 Tolerances for Formed or Bent Piping

The tolerances for formed or bent piping shall be as set
forth in the following subparagraphs.

NCD-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.

NCD-4223.2 Ovality Tolerance. Unless otherwise
justified by the design calculations, the ovality of
piping after bending shall not exceed 8% as determined
by

× D D D100 ( ) omax min

where

Dmin = the minimum outside diameter after bending or
forming

Figure NCD-4221.2(a)-2
Maximum Arc Length for Determining Plus or Minus Deviation

0.01 0.02 0.2 0.4 0.6 0.04 0.06 1.0 0.10 
10 

20 

2,000

Design Length 4 Outside Diameter, L/Do 

O
u

ts
id

e 
D

ia
m

et
er

 4
 T

h
ic

kn
es

s,
 D

o
/t 

60 
50 
40 

30 

80 

100 

200 

300 

400 
500 
600 

1,000

800 

2 3 4 5 6 8 10 20 

A
rc

 5
 0

.0
30

D o

A
rc

 5
 0

.0
40

D o

A
rc

 5
 0

.0
45

D o

A
rc

 5
 0

.0
55

D o

A
rc

 5
 0

.0
65

D o

A
rc

 5
 0

.0
75

D o

A
rc

 5
 0

.0
85

D o

A
rc

 5
 0

.1
0D

o

A
rc

 5
 0

.2
00

D o

A
rc

 5
 0

.3
00

D o

A
rc

 5
 0

.2
50

D o

A
rc

 5
 0

.1
25

D o

A
rc

 5
 0

.1
75

D o

A
rc

 5
 0

.1
50

D o

A
rc

 5
 0

.0
35

D o

A
rc

 5
 0

.3
90

D o

ASME BPVC.III.1.NCD-2023

246

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.1.

NCD (A
SME BPVC Sec

tio
n I

II D
ivis

ion
 1 

Sub
se

cti
on

 N
CD) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NCD (ASME BPVC Section III Division 1 Subsection NCD) 2023.pdf


Dmax = themaximumoutside diameter after bending or
forming

Do = the nominal pipe outside diameter

NCD-4224 Tolerances for Storage Tanks

The horizontal circular cross section of storage tanks
shall be sufficiently true to round so that the difference
between the maximum and minimum diameters
measured inside or outside at any section in a cylindrical
wall shall not exceed 1% of the average diameter or 12 in.
(300 mm), whichever is less, measured 6 ft (2 m) or one
plate width from the top and bottom juncture, respec-
tively, if these junctures are of a type which offers
serious restraintwhen the tank is filled or under the speci-
fiedmaximumvapor pressure. At any section in a sidewall
having double curvature, this difference in diameter shall
not exceed 1∕2%of the average diameter or 6 in. (150mm),
whichever is less.

NCD-4224.1 Maximum Difference in Cross‐Sectional
Diameters for Tanks of Double Curvature. For tanks of
double curvature, the meridian curvature of the plate
surface shall not deviate from the design shape by
more than 1∕2% of the radius, measured radially, and
shall not show abrupt changes. Plate surfaces shall
merge smoothly into the adjoining surfaces in all direc-
tions. Local inward deviations, such as flat spots, shall be
limited by NCD-4224.2.

NCD-4224.2 Local Inward Deviations. Local inward
deviations, such as flat spots, if present on wall or
bottom surfaces having double curvature, shall not be
greater than the plate thickness, and shall not have a
diameter d greater than Rt8 , where R is the radius of
the tank and t is the thickness of the plate involved. R
shall be taken asR1, with d being the chord in ameridional
direction, and as R2, with d being the chord in a latitudinal
direction.

NCD-4224.3 Tolerance Measurements. The tolerance
measurements are given for a tank while empty and shall
be takenwithasteel tape,makingcorrections for tempera-
ture, sag, and wind.

NCD-4230 FITTING AND ALIGNING

NCD-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.

NCD-4231.1 Tack Welds. Tack welds used to secure
alignment shall either be removed completely when
they have served their purpose, or their stopping and
starting ends shall be properly prepared by grinding
or other suitable means so that they may be satisfactorily

incorporated into the final weld. Tackwelds shall bemade
by qualified welders using qualified welding procedures.
When tack welds are to become part of the finished weld,
they shall be visually examined and defective tack welds
removed.

NCD-4232 Alignment Requirements When
Components Are Welded From Two
Sides

(a) Alignment of sections which are welded from two
sides shall be such that themaximumoffset of the finished
weld will not be greater than the applicable amount listed
in Table NCD-4232(a)-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 NCD-4232(a)-1 for
longitudinal joints.

NCD-4232.1 Fairing of Offsets. Any offset within the
allowable tolerance provided above shall be faired to
at least 3:1 taper over the width of the finished weld
or, if necessary, by adding additional weld metal
beyond what would otherwise be the edge of the weld.

NCD-4233 Alignment Requirements When Inside
Surfaces Are Inaccessible

(a) When the inside surfaces of items are inaccessible
forwelding or fairing in accordancewithNCD-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 NCD-4233-1 sketch
(a). However, other variables not associated with the
diameter of the item often result in alignments that
are offset rather than concentric. In these cases, the

Table NCD-4232(a)-1
Maximum Allowable Offset in Final Welded Joints

Section Thickness,
in. (mm)

Direction of Joints
Longitudinal Circumferential

Up to 1∕2 (13), incl. 1∕4t 1∕4t
Over 1∕2 to 3∕4
(13 to 19), incl.

1∕8 in. (3 mm) 1∕4t

Over 3∕4 to 1 1∕2
(19 to 38), incl.

1∕8 in. (3 mm) 3∕16 in. (5 mm)

Over 1 1∕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. (10mm)

Lesser of 1∕8t
or 3∕4 in. (19 mm)
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maximummisalignment at any one point around the joint
shall not exceed 3∕32 in. (2.5 mm) as shown in Figure
NCD-4233-1 sketch (b). Should tolerances on diameter,
wall thickness, out‐of‐roundness, etc., result in inside
diameter variation which does not meet these limits,
the inside diameters shall be counterbored, sized, or
ground to produce a bore within these limits, provided
the requirements of NCD-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. (2.5 mm) 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 NCD-4232.

NCD-4240 REQUIREMENTS FOR WELD JOINTS IN
COMPONENTS26

NCD-4241 Category A Weld Joints in Vessels and
Longitudinal Weld Joints in Other
Components

NCD-4241.1 For Class 2Only.Category Aweld joints in
vessels and longitudinal weld joints in other components
shall be full penetration butt joints. Joints that have been
welded fromonesidewithbacking thathasbeenremoved,
and those welded from one side without backing, are ac-
ceptable as full penetration welds provided the weld root
side of the joints meets the requirements of NCD-4424.

NCD-4241.2 For Class 3 Only. All Category A weld
joints in vessels and longitudinal weld joints in other
components shall meet the requirements of (a), (b),
and (c) below.
(a) When the design is based on a joint efficiency

permitted by NCD-3352.1(a) or NCD-3352.1(b), all Cate-
gory A welds in vessels and longitudinal joints in other
components shall be Type 1 or Type 2 as described in
NCD-4245.2.
(b) When the design is based on a joint efficiency

permitted by NCD-3352.1(c), any joint Type as described
in NCD-4245.2 may be used, provided the limitations of
the joint are followed.
(c) When the component is constructed of P‐No. 11A,

Group 1 material, Type 1 joints as described in
NCD-4245.2 shall be used.

Figure NCD-4233-1
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. (mm)

GENERAL NOTE: The weld end transitions are typical and are not
intended as requirements. Refer to NCD-4250 for weld end transition
requirements.
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NCD-4242 Category B Weld Joints in Vessels and
Circumferential Weld Joints in Other
Components

NCD-4242.1 ForClass 2Only.CategoryBweld joints in
vessels and circumferential weld joints in other compo-
nents shall be full penetration butt joints, except that
piping NPS 2 (DN 50) and smaller may be socket
welded. Jointspreparedwithopposing lips to forman inte-
gral backing ring and joints with backing strips which are
not later removed are acceptable, provided the require-
ments of NCD-3352.2 are met.

NCD-4242.2 ForClass3Only.CategoryBweld joints in
vessels and circumferential weld joints in other compo-
nents shall meet the requirements of (a) and (b) below,
except that piping NPS 2 (DN 50) and smaller may be
socket welded.
(a) When the design is based on a joint efficiency

permitted by NCD-3352.2(a) or NCD-3352.2(b), or
whenP-No. 11A, Group1materials are joined, all Category
B welds in pressure vessels and circumferential joints in
other components shall be Type 1 or Type 2 as described
in NCD-4245.2.
(b) When the design is based on a joint efficiency

permitted by NCD-3352.2(c), any joint Type as described
in NCD-4245.2 may be used, provided the limitations of
the joint are followed.

NCD-4243 Category C Weld Joints in Vessels and
Similar Weld Joints in Other
Components

NCD-4243.1 For Class 2Only.Category Cweld joints in
vessels and similar weld joints in other components shall
b e f u l l p e n e t r a t i o n j o i n t s , a s s h o w n i n
Figures NCD-4243.1-1 and NCD-4243.1-2, except that
socket welded flanges of NPS 2 (DN 50) and less and
slip-on flanges may be used.

NCD-4243.2 ForClass 3Only.CategoryCweld joints in
vessels and similar weld joints in other components shall
meet the requirements of (a), (b), and (c) below, except
that socketwelded flangesNPS2(DN50)and lessandslip‐
on flanges may be used.
(a) CategoryCand similarweld joints shall beType1or

Type2asdescribed inNCD-4245.2whenabuttwelddetail
is used and the provisions of NCD-3352.1(a) or
NCD-3352.2(b) apply. These joints must be Type 1 or
Type 2 butt welds when the joint is required to be radio-
graphed.
(b) Typical Category C corner joints are shown in

Figure NCD-4243.2-1 and Section III Appendices, Manda-
tory Appendix XI.
(c) All category C joints in P‐No. 11A, Group 1 material

shall be full penetration welds extending through the
entire section of the joint.

NCD-4243.3 Flat Heads and Tubesheets With Hubs.
Hubs for butt welding to the adjacent shell, head, or
other pressure part, as in Figure NCD-4243.3-1 shall
not be machined from rolled plate. The component
having the hub shall be forged in such a manner as to
provide in the hub the full minimum tensile strength
and elongation specified for the material, in a direction
parallel to the axis of the vessel. Proof of this shall be furn-
ished by a tension test specimen, subsize if necessary,
taken in this direction and as close to the hub as is prac-
tical.27 Innocase shall theheight of thehubbe less than1.5
times the thickness of the pressure part to which it is
welded.

NCD-4244 Category D Weld Joints

NCD-4244.1 For Class 2 Only — Category D Weld
Joints in Vessels and Branch and Piping Connection
Weld Joints in Other Components. Category D weld
joints in vessels and similar weld joints in other compo-
nents shall be welded using one of the details of (a)
through (e) below.
(a) ButtWeldedNozzles andBranchPipingConnections.

Nozzles and branch piping connections shall be attached
by full penetration butt welds through the wall of the
component, nozzle, or branch as shown in Figure
NCD-4244.1-1. Backing strips, if used, may be left in place.
(b) Corner Welded Nozzles and Branch Piping Connec-

tions. Nozzles and branch piping connections 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 NCD-4244.1-2. When
complete joint penetration cannot be verified by visual
examination or other means permitted, backing strips
or equivalent shall be used with full penetration welds
deposited from only one side. Backing strips, if used,
may be left in place.
(c) Deposited Weld Metal of Opening for Nozzles and

Branch Piping Connections. Nozzles and branch piping
connections shall be joined to the component by full pene-
tration weld to built‐up weld deposits applied to the
c omponen t , n o z z l e , o r b r an ch a s shown in
Figure NCD-4244.1-3. Backing strips, if used, may be
left in place. 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 Penetration Welded Nozzles and Branch

Piping Connections. Partial penetration welds in compo-
nents and branch piping connections, shall meet the weld
design requirements of NCD-3352.4(d) and NCD-3359.
Nozzles shal l be attached as shown in Figure
NCD-4244.1-4. Reinforcing plates of nozzles attached
to the outside of a vessel shall be provided with at
least one telltale hole, maximum size 1∕4 in. (6 mm)
pipe tap, thatmaybe tapped for apreliminary compressed
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Figure NCD-4243.1-1
For Class 2 Only — Acceptable Full Penetration Weld Details for Category C Joints
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GENERAL NOTE: For definitions of nomenclature, see NCD-3358.3(e)(1).
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Figure NCD-4243.1-2
For Class 2 Only — Attachment of Pressure Parts to Plates to Form a Corner Joint

This weld metal
 may be deposited
 before completing
 the joint

This weld metal
 may be deposited
 before completing
 the joint

(b)

(c) Typical Supported and Unsupported
Tubesheets With a Bolting Flange

Typical Unstayed Flat Heads, Supported and Unsupported
Tubesheets Without a Bolting Flange, and Side Plates of Rectangular Vessels

ts

(a)

tp

tsb

ts

c

(d) Typical Bolted Flange Connections
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c

b

a

a

b

a

a
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GENERAL NOTE: For definitions of nomenclature, see NCD-3358.3(e)(2).
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Figure NCD-4243.2-1
For Class 3 Only — Attachment of Pressure Parts to Plates to Form a Corner Joint
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Figure NCD-4243.2-1
For Class 3 Only — Attachment of Pressure Parts to Plates to Form a Corner Joint (Cont’d)

GENERALNOTE: SeeNCD-3325, NCD-3358.2, andNCD-3358.3, as applicable, for sketches (a) through (j) and sketches (k) through (q), except as
modified by Section III Appendices, Mandatory Appendix XI, XI-3130 for sketches (p) and (q).
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Figure NCD-4243.3-1
Typical Flat Heads and Supported and Unsupported Tubesheet With Hubs

Tension test specimen

Thickness of flat
 head or tubesheet

(a) (b)

(d)

(c)

Tension test specimen

tsr

ts
h

Thickness of flat
 head or tubesheet

Tension test specimen

Thickness of flat
 head or tubesheet

(e)

tf

ts

Thickness of flat
 head or tubesheet

Tension test specimen

ts

tf

r

ts

r

e

e

r

GENERAL NOTES:
(a) For definitions of nomenclature, see NCD-3358.4.
(b) Not permissible if machined from rolled plate. The tension test specimen may be located, when possible, inside the forged hub, instead of

outside, as shown.
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Figure NCD-4244.1-1
Nozzles, Branch, and Piping Connections Joined by Full Penetration Butt Welds

30 deg, min. 45 deg, max.

45 deg, max.
30 deg, max.

30 deg, max.

30 deg, max.

45 deg, max.

Section A – A
max. = 0.2 t

18.5 deg, max.1/2 in. (13 mm), min.

11/2t, min.

3/4 in. (19 mm) R, min.
3/4 in. (19 mm) R, min.

Backing ring, if used,
    may be left in place

t3 + t4 # 0.2 t,
    but a1 + a2 # 18.5 deg
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(c) (d)
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A
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Sections Perpendicular and Parallel
to the Cylindrical Vessel's Axis

GENERAL NOTE: For definition of symbols, see NCD-3352.4(a).
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Figure NCD-4244.1-2
Nozzles, Branch, and Piping Connections Joined by Full Penetration Corner Welds
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cylindrical vessel’s axis

GENERAL NOTE: For definition of symbols, see NCD-3352.4(b).
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Figure NCD-4244.1-3
Deposited Weld Metal Used as Reinforcement of Openings for Nozzles, Branch, and Piping Connections
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GENERAL NOTE: For definition of symbols, see NCD-3352.4(c).
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Figure NCD-4244.1-4
Some Acceptable Types of Welded Nozzles, Branch, and Piping Connections

GENERAL NOTE: For definition of symbols, see NCD-3352.4(d).
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air and soapsuds test for tightness of welds. These telltale
holes may be left open ormay be plugged when the vessel
is in service. If the holes are plugged, the pluggingmaterial
used shall not be capable of sustaining pressure between
the reinforcing plate and the vessel wall.
(e) Attachment of Fittings With Internal Threads.28

Internally threaded fittings shall be attached by a full
penetration groove weld or for NPS 3 (DN 80) and
less, by two fillet or partial penetration welds, one on
each face of the vessel wall, or by a fillet groove weld
f r om t h e ou t s i d e on l y a s s h own i n F i g u r e
NCD-4244.1-5 sketch (c‐3). Internally threaded fitting
and bolting pads not exceeding NPS 3 (DN 80), as
shown inFigureNCD-4244.1-6maybeattached to compo-
nents having a wall thickness not greater than 3∕8 in. (10
mm) by a fillet weld deposited from the outside only. The
design requirements of NCD-3352.4(e) shall bemet for all
components.

NCD-4244.2 For Class 3 Only — Category D Weld
Joints in Vessels and Branch Connection Weld Joints
in Other Components. Category D weld joints in
vessels andbranchconnectionweld joints inother compo-
nents shall be welded using one of the details of (a)
through (g) below except that joints in P‐No. 11A,
Group 1material shall be full penetrationwelds extending
through the entire thickness of the component wall or
nozzle wall as shown in Figures NCD-4244.1-1,
NCD-4244.1-2, and NCD-4244.1-3.
(a) Butt-Welded Nozzles and Branch Piping Connec-

tions. Nozzles and branch piping connections shall be
attached by full penetration butt welds through the
wall of the component nozzle or branch as shown in
Figure NCD-4244.1-1. Backing strips, if used, may be
left in place.
(b) Corner-Welded Nozzles and Branch Piping Connec-

tions. Nozzles and branch piping connections 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 NCD-4244.1-2. When
complete joint penetration cannot be verified by visual
examination or other means permitted, backing strips
or equivalent shall be used with full penetration welds
deposited from only one side. Backing strips, if used,
may be left in place.
(c) Deposited Weld Metal of Opening for Nozzles and

Branch Piping Connections. Nozzles and branch piping
connections shall be joined to the component by full pene-
tration weld to built‐up weld deposits applied to the
component, nozzle, or branch as shown in Figure
NCD-4244.1-3. Backing strips, if used, may be left in
place. Filletwelds shall beusedonly toprovidea 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 inter-
section with either part being joined.

(d) Partial Penetration Welded Nozzle and Branch
Piping Connections. Partial penetration welds in compo-
nents and branch piping connections shall meet the weld
design requirements of NCD-3352.4(d) and NCD-3359.
Nozzles shal l be attached as shown in Figure
NCD-4244.1-4. Reinforcing plates of nozzles attached
to the outside of a vessel shall be provided with at
least one telltale hole, maximum size 1∕4 in. (6 mm)
pipe tap, thatmaybe tapped for apreliminary compressed
air and soapsuds test for tightnessofwelds that seal off the
insideof the vessel. These telltale holesmaybe left openor
may be plugged when the vessel is in service. If the holes
are plugged, the plugging material used shall not be
capable of sustaining pressure between the reinforcing
plate and the vessel wall.
(e) Attachment of Fittings With Internal Threads.28

Internally threaded fittings shall be attached by a full
penetration groove weld or, for NPS 3 (DN 80) and
less, by two fillet or partial penetration welds, one on
each face of the vessel wall, or by a fillet groove weld
f r om t h e ou t s i d e on l y a s s h own i n F i g u r e
NCD-4244.1-5 sketch (c‐3). Internally threaded fitting
and bolting pads not exceeding NPS 3 (DN 80), as
shown in Figure NCD-4244.1-6, may be attached to
components having a wall thickness not greater than
3∕8 in. (10 mm) by a fillet weld deposited from the
o u t s i d e o n l y . T h e d e s i g n r e q u i r emen t s o f
NCD-3352.4(e) shall be met for all components.
(f) Tubed Connections. Nozzles or tubes recessed into

thick‐walled components or parts may be welded from
only one s ide , prov ided the requirements o f
NCD-3352.4(f) are met. Typical connections are shown
in Figure NCD-4244.2-1.
(g) Nozzles With Integral Reinforcing. Nozzles and

other connections having integral reinforcing in the
form of external necks or saddle type pads shall be
attached by full penetration welds or by means of a
fillet weld along the outer attachment having a wall,
single bevel, or single J‐weld along the inner attachment.
Typical connections are shown in Figure NCD-4244.2-2.

NCD-4245 Complete Joint Penetration Welds

NCD-4245.1 For Class 2 Only. Complete joint penetra-
tion is considered to be achieved when the acceptance
criteria for the examinations specified by this Subsection
have beenmet. No other examination is required to assess
that complete penetration has been achieved.

NCD-4245.2 For Class 3 Only. Acceptable joint Types
and limitations are listed in Table NCD-4245.2-1. Some
typical configurations are shown in Figure NCD-4245.2-1.

NCD-4246 Atmospheric Storage Tank Special
Joints

Requirements for special joints for atmospheric storage
tanks are given below.
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Figure NCD-4244.1-5
Some Acceptable Types of Welded Nozzles

Either method of attachment is satisfactory 

NPS 3 (DN 80), max.

1/2 t min. 

(a-1) (a-2) (b-1) (b-2) (c-1) (c-2) 
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GENERAL NOTE: For definition of symbols, see NCD-3352.4(e).
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Figure NCD-4244.1-6
Some Acceptable Types of Small Fitting

11/4t, min. 11/4t, min.

11/4t, min.
11/4t, min.

11/4t, min. 11/4t, min.

11/4t, min.

tc

11/4t, min.

11/4t, min.

11/4t, min.
11/4t, min.

11/4t, min.

Any angle

Shape square,
    cylindrical, or
    irregular

NPS 3 (DN 80),
   max.

tc

G H

E F

C D

A B I J

K L

M N

GENERAL NOTES:
(a) For definitions of nomenclature, see NCD-3352.4(e).
(b) Maximum shell thickness = 3∕8 in. (10 mm).
(c) Maximum internal thread diameter = 31∕2 in. (89 mm).
(d) Maximum dimension of opening in shell = no greater than 53∕8 in. (135 mm) or 0.5 × shell diameter.
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Figure NCD-4244.2-1
Tube Connections

GENERAL NOTES:
(a) For definitions of symbols, see NCD-3352.4(f).
(b) When used for other than square, round, or oval headers, round off corners.
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Figure NCD-4244.2-2
Some Acceptable Types of Welded Nozzles, and Branch and Piping Connections

GENERAL NOTE: For definitions of symbols, see NCD-3352.4(g).
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NCD-4246.1 Bottom Plates. Bottoms shall be built to
eitheroneof thealternativemethodsof constructiongiven
in (a) and (b) below.
(a) Lap-welded bottom plates shall be reasonably

rectangular and square edged. Three plate laps in tank
bottoms shall not be closer than 12 in. (300 mm) from
each other and also from the tank shell. Bottom plates
need be welded on the top side only with a continuous
full fillet weld on all seams [Figure NCD-4246.1(a)-1].
The plates under the bottom ring shell connection
shall have the outer ends of the joints fitted and lap
welded to form a smooth bearing for the shell plates
as shown in Figure NCD-4246.1(a)-1.
(b) Butt welded bottom plates shall have the parallel

edges prepared for butt welding with either square or V‐
grooves. If square grooves are employed, the root opening
shall be not less than 1∕4 in. (6mm). The buttwelds shall be
made by applying a backing strip 1/8 in. (3 mm) thick or
heavier by tack welding to the underside of the plate
[Figure NCD-4246.1(a)-1]. A metal spacer shall be
used, if necessary, to maintain the root opening
between the adjoining plate edges. The Certificate
Holder may submit other methods of butt welding the
bottom for the Owner’s approval. Three plate joints in
tank bottoms shall not be closer than 12 in. (300 mm)
from each other and also from the tank shell.

NCD-4246.2 Shell‐to‐BottomAttachment. The attach-
ment between the bottom edges of the lowest course shell
plate and the bottom plate shall be a continuous full wall
thicknessweldwith a cover fillet on each sideof shell plate
[FigureNCD-4246.1(a)-1] or, for tanks not exceeding 35 ft
(11 m) in diameter, the bottom plates may be flanged and
butt welded to the bottom shell course. The flanged tank
bottom plates shall be butt welded and have a thickness
equal to the thickness of the bottom shell course. The
inside radius of the bend shall be neither less than
1.75t nor more than 3t.

NCD-4246.3 Roof‐to‐Sidewall Attachment. Roof
plates shall be attached to the top angle of the tank
with a continuous fillet weld on the top side only
(Figure NCD-4246.3-1). Roof plates of supported cone
roofs shall not be attached to the supporting members.
For cone roofs the fillet weld shall be 3∕16 in. (5 mm)
or smaller.

NCD-4246.4 Roof Plates. Roof plates shall be attached
at least by a continuous full fillet lap joint on the top side
(Figure NCD-4246.3-1). The top angle sections for self-
supporting roofs shall be joined by full penetration
butt welds.

Table NCD-4245.2-1

Type Description Limitations
1 Butt joints as attained by double welded or by other means will

obtain the samequalityofdepositweldmetal on the insideand
outside surface to agree with the requirements of NCD-4426.
Welds using metal backing strips that remain in place are
excluded.

The use of this joint Type is not limited

2 Single-welded butt joints with backing strips other than those
included in Type 1

The use of this joint Type is not limited, except for butt welds
with one plate offset, which can be used for circumferential
joints only and are limited by the provisions of NCD-3358.5.1
[Figure NCD-4245.2-1, sketch (k)]

3 Single-welded butt joints without the use of a backing strip This jointType is limited to circumferential joints only,whichare
not over 5/8 in. (16 mm) thick and not over 24 in. (600 mm)
outside diameter

4 Double full fillet lap joints This jointType is limited to longitudinal jointsnotover 3/8 in. (10
mm) thick and circumferential joints not over 5/8 in. (16mm)
thick

5 Single full fillet lap joints with plug welds conforming to
NCD-3356.2

This joint Type is limited to circumferential joints for
attachments of heads (other than hemispherical) not over 24
in. (600 mm) outside diameter to shells not over 1/2 in. (13
mm) thick. This joint Type cannot be used for attaching
hemispherical heads to shells.

6 Single full fillet lap joints without plug welds This joint Type is limited to attachment of heads convex to
pressure to shells not over 5/8 in. (16mm) required thickness,
using fillet welds on the inside of the shell or for the
attachment of heads having pressure on either side, to shells
not over 24 in. (600 mm) inside diameter and not over 1/4 in.
(6mm) required thicknesswith the fillet welds on the outside
of the head flange only.
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Figure NCD-4245.2-1
Attachment Welds

When tn is equal to or less than 1.25ts

Skirt optional

Tangent line

Tangent line

Tangent line

Tangent line

Tangent line

See also
    NCD-3361.1

Plug weld

See NCD-3324.5(c)
    for hemispherical
    heads

ts

ts

ts

th

th

d

ts
th

th

ts

th

th

ts

Min. ts

Min. ts

Min. 1.3ts
Min. 1.3ts

Min. 2ts

Min. 4ts or 4th,
    whichever is less

Min. 3th + 1/2 in. (13 mm),
    but not less than 1 in. (25 mm)

Min. 3th + 1/2 in. (13 mm),
    but not less than 1 in. (25 mm)

For other heads: min. 2th + 1/2 in. (13 mm)

Min. 3th + 1/2 in. (13 mm),
    but not less than 1 in. (25 mm)

Min. th, but need not
    exceed 11/2 in. (38 mm).
 When tn < ts, see NCD-3324.5(c)

When tn exceeds 1.25ts

Not less than d

Min. 3d

For other heads: min. 2th + 1/2 in. (13 mm)

For ellipsoidal heads: min. 2th,
    but not less than 1/2 in. (13 mm)

Min. ts

For other heads:
    min. 2th
    + 1/2 in. (13 mm).

For ellipsoidal heads: min. 2th,
    but not less than 1/2 in. (13 mm)

For ellipsoidal heads: min. 2th,
    but not less than 1/2 in. (13 mm)

(b) Double Fillet Lap Weld (c) Single Fillet Lap Weld With Plug Welds

(d) Butt Weld

(a) Single Fillet Lap Weld
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Figure NCD-4245.2-1
Attachment Welds (Cont’d)

t1

(k) Butt Weld With One Plate Edge Offset

Sketches (g), (h), and (j) are not permissible

(e) Single Fillet Lap Weld (f) Intermediate Head

Seal or fillet weld
    (see NCD-3358.4)15–20 deg

Butt weld

I.D.

 ts1 and ts2 may be different

(g)

t or t1 = 5/8 in. (16 mm) max. [Note (1)]

Min. 11/2t

Max. 21/2t,
    min. 1t

Min. 2ts

Min. 1.3ts

Min. 2th

Min. 1/2 in. (13 mm)

Need not exceed 1 in. (25 mm)

Min. ts

Tangent line Tangent point

Taper optional

Min. 3th, but need not
    exceed 11/2 in. (38 mm)

Butt weld and fillet weld, if used,
    shall be designed to take shear at
    11/2 times the differential pressure
    that can exist.

Avoid sharp break

Depth of offset = t1
    pressure on this sideAs desired

Bevel optional

t

ts

th

ts

th

th

ts2 ts1

(h) (i)

ts

th

NOTE: (1) For joints connecting hemispherical heads to shells, the following shall apply:
(a) t or t1 = 3/8 in. (10 mm) max.
(b) Max. difference in thickness between t and t1 = 3/32 in. (2.5 mm).
(c) Use of this figure for joints connecting hemispherical heads to shells shall be noted in the “Remarks” part of the Data Report Form.
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Figure NCD-4246.1(a)-1
Typical Bottom and Bottom‐to‐Shell Joints

1/4 in. (6 mm), min.

1/4 in. (6 mm), min., for square groove

1/8 in. (3 mm), min. (tack weld)

1/16 in. (1.5 mm), min., for V-groove

1 in. (25 mm), min.

Bottom plate

Shell

Full penetration

(b) Bottom-to-Shell Joint(a) Method for Preparing Lap-Welded Bottom Plates
Under Tank Shell

Bottom plate

Shell plate

1 in. (25 mm),

min.whichever is less

5t or 1 in.
   (25 mm), min.,

(d) Single-Welded Butt Joint With Backing Strip(c) Single-Welded Full Fillet Lap Joint

Tack weld

V-groove
    optional
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Figure NCD-4246.3-1
Typical Roof and Roof‐to‐Shell Joints
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