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ð21ÞFOREWORD*

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Vessel Committee was superseded by the following committees:

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

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

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

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

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

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

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

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

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

masculine, or neuter gender shall be treated as such other gender as appropriate.
The words “shall,” “should,” and “may” are used in this Standard as follows:
– Shall is used to denote a requirement.
– Should is used to denote a recommendation.
– May is used to denote permission, neither a requirement nor a recommendation.
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STATEMENT OF POLICY ON THE USE OF THE ASME SINGLE
CERTIFICATION MARK AND CODE AUTHORIZATION IN

ADVERTISING

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

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

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

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

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

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

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

all Code requirements have been met when, in fact, they have not been. Data Report Forms covering items not fully
complying with ASME requirements should not refer to ASME or they should clearly identify all exceptions to the ASME
requirements.
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ð21Þ SUBMITTAL OF TECHNICAL INQUIRIES TO THE BOILER AND
PRESSURE VESSEL STANDARDS COMMITTEES

1 INTRODUCTION

(a) The following information provides guidance to Code users for submitting technical inquiries to the applicable
Boiler and Pressure Vessel (BPV) Standards Committee (hereinafter referred to as the Committee). See the guidelines on
approval of new materials under the ASME Boiler and Pressure Vessel Code in Section II, Part D for requirements for
requests that involve adding new materials to the Code. See the guidelines on approval of new welding and brazing
materials in Section II, Part C for requirements for requests that involve adding new welding and brazing materials
(“consumables”) to the Code.
Technical inquiries can include requests for revisions or additions to the Code requirements, requests for Code Cases,

or requests for Code Interpretations, as described below:
(1) Code Revisions. Code revisions are considered to accommodate technological developments, to address admin-

istrative requirements, to incorporate Code Cases, or to clarify Code intent.
(2) CodeCases. CodeCases representalternativesor additions toexistingCoderequirements. CodeCasesarewritten

as a Question and Reply, and are usually intended to be incorporated into the Code at a later date.When used, Code Cases
prescribe mandatory requirements in the same sense as the text of the Code. However, users are cautioned that not all
regulators, jurisdictions, or Owners automatically accept Code Cases. Themost common applications for Code Cases are
as follows:

(-a) to permit early implementation of an approved Code revision based on an urgent need
(-b) to permit use of a new material for Code construction
(-c) to gain experience with new materials or alternative requirements prior to incorporation directly into the

Code
(3) Code Interpretations

(-a) Code Interpretations provide clarification of the meaning of existing requirements in the Code and are
presented in Inquiry and Reply format. Interpretations do not introduce new requirements.

(-b) Interpretationswill be issued only if existing Code text is ambiguous or conveys conflicting requirements. If a
revision of the requirements is required to support the Interpretation, an Intent Interpretation will be issued in parallel
with a revision to the Code.

(b) Code requirements, CodeCases, andCode Interpretations establishedby theCommittee arenot tobe consideredas
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 requirements.

(c) Inquiries that do not comply with the following guidance or that do not provide sufficient information for the
Committee’s full understanding may result in the request being returned to the Inquirer with no action.

2 INQUIRY FORMAT

Submittals to the Committee should include the following information:
(a) Purpose. Specify one of the following:

(1) request for revision of present Code requirements
(2) request for new or additional Code requirements
(3) request for Code Case
(4) request for Code Interpretation

(b) Background. The Inquirer should provide the information needed for the Committee’s understanding of the
Inquiry, being sure to include reference to the applicable Code Section, Division, Edition, Addenda (if applicable), para-
graphs, figures, and tables. This information should include a statement indicating why the included paragraphs, figures,
or tables are ambiguous or convey conflicting requirements. Preferably, the Inquirer should provide a copyof, or relevant
extracts from, the specific referenced portions of the Code.
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(c) Presentations.The Inquirermaydesire to attend or be asked to attend ameeting of the Committee tomake a formal
presentation or to answer questions from the Committee members with regard to the Inquiry. Attendance at a BPV
Standards Committeemeeting shall be at the expense of the Inquirer. The Inquirer’s attendance or lack of attendance at a
meetingwill notbeusedby theCommitteeasabasis foracceptanceor rejectionof the Inquiryby theCommittee.However,
if the Inquirer’s request is unclear, attendance by the Inquirer or a representativemay be necessary for the Committee to
understand the request sufficiently to be able to provide an Interpretation. If the Inquirer desires tomake a presentation
at a Committee meeting, the Inquirer should provide advance notice to the Committee Secretary, to ensure time will be
allotted for the presentation in the meeting agenda. The Inquirer should consider the need for additional audiovisual
equipment that might not otherwise be provided by the Committee. With sufficient advance notice to the Committee
Secretary, such equipment may be made available.

3 CODE REVISIONS OR ADDITIONS

Requests for Code revisions or additions should include the following information:
(a) Requested Revisions or Additions. For requested revisions, the Inquirer should identify those requirements of the

Code that they believe should be revised, and should submit a copy of, or relevant extracts from, the appropriate re-
quirements as they appear in the Code, marked up with the requested revision. For requested additions to the Code, the
Inquirer should provide the recommendedwording and should clearly indicate where they believe the additions should
be located in the Code requirements.

(b) Statement of Need. The Inquirer should provide a brief explanation of the need for the revision or addition.
(c) Background Information.The Inquirer should provide background information to support the revision or addition,

including any data or changes in technology that form the basis for the request, that will allow the Committee to
adequately evaluate the requested revision or addition. Sketches, tables, figures, and graphs should be submitted,
as appropriate. The Inquirer should identify any pertinent portions of the Code that would be affected by the revision
or addition and any portions of the Code that reference the requested revised or added paragraphs.

4 CODE CASES

Requests for Code Cases should be accompanied by a statement of need and background information similar to that
described in 3(b) and 3(c), respectively, for Code revisions or additions. The urgency of the Code Case (e.g., project
underway or imminent, newprocedure) should be described. In addition, it is important that the request is in connection
with equipment that will bear the ASME Single Certification Mark, with the exception of Section XI applications. The
proposedCodeCase should identify the Code Section andDivision, and should bewritten as aQuestion and aReply, in the
same format as existing Code Cases. Requests for Code Cases should also indicate the applicable Code Editions and
Addenda (if applicable) to which the requested Code Case applies.

5 CODE INTERPRETATIONS

(a) Requests for Code Interpretations should be accompanied by the following information:
(1) Inquiry. The Inquirer should propose a condensed and precise Inquiry, omitting superfluous background infor-

mation and, when possible, composing the Inquiry in such a way that a “yes” or a “no” Reply, with brief limitations or
conditions, if needed, can be provided by the Committee. The proposed question should be technically and editorially
correct.

(2) Reply. The Inquirer should propose a Reply that clearly and concisely answers the proposed Inquiry question.
Preferably, the Reply should be “yes” or “no,” with brief limitations or conditions, if needed.

(3) Background Information. The Inquirer should include a statement indicating why the included paragraphs,
figures, or tables areambiguousor conveyconflicting requirements. The Inquirer shouldprovideanyneedorbackground
information, such as described in 3(b) and 3(c), respectively, for Code revisions or additions, that will assist the
Committee in understanding the proposed Inquiry and Reply.
If the Inquirer believes a revision of theCode requirementswould behelpful to support the Interpretation, the Inquirer

may propose such a revision for consideration by the Committee. In most cases, such a proposal is not necessary.
(b) Requests for Code Interpretations should be limited to an Interpretation of a particular requirement in the Code or

in aCodeCase. Exceptwith regard to interpreting a specific Code requirement, theCommittee is notpermitted to consider
consulting-type requests such as the following:

(1) a review of calculations, design drawings, welding qualifications, or descriptions of equipment or parts to
determine compliance with Code requirements
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(2) a request for assistance in performing any Code-prescribed functions relating to, but not limited to, material
selection, designs, calculations, fabrication, inspection, pressure testing, or installation

(3) a request seeking the rationale for Code requirements

6 SUBMITTALS

(a) Submittal. Requests for Code Interpretation should preferably be submitted through the online Interpretation
Submittal Form. The form is accessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the
Inquirer will receive an automatic e-mail confirming receipt. If the Inquirer is unable to use the online form, the Inquirer
may mail the request to the following address:

Secretary
ASME Boiler and Pressure Vessel Committee
Two Park Avenue
New York, NY 10016-5990

All other Inquiries should bemailed to the Secretary of the BPV Committee at the address above. Inquiries are unlikely
to receive a response if they are not written in clear, legible English. Theymust also include the name of the Inquirer and
the company they represent or are employed by, if applicable, and the Inquirer’s address, telephone number, fax number,
and e-mail address, if available.

(b) Response. The Secretary of the appropriate Committee will provide a written response, via letter or e-mail, as
appropriate, to the Inquirer, upon completion of the requested action by the Committee. Inquirersmay track the status of
their Interpretation Request at http://go.asme.org/Interpretations.
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ð21Þ ORGANIZATION OF SECTION III

1 GENERAL
Section III consists of Division 1, Division 2, Division 3, and Division 5. These Divisions are broken down into Subsec-

tions 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” forDivision3, andby the letter “H” forDivision5. Each Subsection is published separately,with the exceptionof
those listed for Divisions 2, 3, 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 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

* In the 2021 Edition, Subsections NC and ND have been incorporated into one publication, Subsection NCD (BPVC.III.1.NCD), Class 2 and Class 3
Components.
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2 SUBSECTIONS
Subsections are divided into Articles, subarticles, paragraphs, and, where necessary, subparagraphs and

subsubparagraphs.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Errata to the BPV Code may be posted on the ASME website to provide corrections to incorrectly published items, or to
correct typographical or grammatical errors in the BPV Code. Such Errata shall be used on the date posted.

Information regarding Special Notices and Errata is published by ASME at http://go.asme.org/BPVCerrata.

Changes given below are identified on the pages by a margin note, (21), placed next to the affected area.

Page Location Change
vii List of Sections (1) Listing for Section III updated

(2) Section XIII added
(3) Code Case information updated

ix Foreword (1) Subparagraph (k) added and subsequent subparagraph redesignated
(2) Second footnote revised
(3) Last paragraph added

xii Submittal of Technical Inquiries to the
Boiler and Pressure Vessel Standards
Committees

Paragraphs 1(a)(3)(-b), 2(b), and 5(a)(3) revised

xv Personnel Updated
xxxvi Organization of Section III (1) In para. 1, Division 1 listing updated

(2) In para. 9(c)(3), “MSS SP-89-2003” corrected by errata to
“MSS SP-58-2009”

1 NE-1130 In subpara. (c), cross-reference to NCA updated
12 NE-2160 Cross-reference to NCA updated
30 Figure NE-2575.2-1 General Note (c) added
34 NE-3113 Cross-reference to NCA updated
57 NE-3228.1 (1) In first paragraph, last line revised

(2) Subparagraph (a) deleted and subsequent subparagraphs redesignated
89 NE-4211 Revised
125 NE-6111 Revised
131 NE-7512.2 Cross-reference to NCA updated
132 NE-7513 Revised
132 NE-7521 In subpara. (b), cross-references to NCA updated
132 NE-7700 (1) In NE-7710, subpara. (a) revised

(2) NE-7720 and NE-7730 deleted
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LIST OF CHANGES IN RECORD NUMBER ORDER

DELETED
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CROSS-REFERENCING AND STYLISTIC CHANGES IN THE BOILER
AND PRESSURE VESSEL CODE

There have been structural and stylistic changes to BPVC, starting with the 2011 Addenda, that should be noted to aid
navigating the contents. The following is an overview of the changes:

Subparagraph Breakdowns/Nested Lists Hierarchy

• First-level breakdowns are designated as (a), (b), (c), etc., as in the past.
• Second-level breakdowns are designated as (1), (2), (3), etc., as in the past.
• Third-level breakdowns are now designated as (-a), (-b), (-c), etc.
• Fourth-level breakdowns are now designated as (-1), (-2), (-3), etc.
• Fifth-level breakdowns are now designated as (+a), (+b), (+c), etc.
• Sixth-level breakdowns are now designated as (+1), (+2), etc.

Footnotes

With the exception of those included in the front matter (roman-numbered pages), all footnotes are treated as
endnotes. The endnotes are referenced in numeric order and appear at the end of each BPVC section/subsection.

Submittal of Technical Inquiries to the Boiler and Pressure Vessel Standards Committees

Submittal of Technical Inquiries to the Boiler and Pressure Vessel Standards Committees has been moved to the front
matter. This information now appears in all Boiler Code Sections (except for Code Case books).

Cross-References

It is our intention to establish cross-reference link functionality in the current edition andmoving forward. To facilitate
this, cross-referencestylehas changed.Cross-referenceswithina subsectionor subarticlewill not include thedesignator/
identifier of that subsection/subarticle. Examples follow:

• (Sub-)Paragraph Cross-References. The cross-references to subparagraph breakdowns will follow the hierarchy of
the designators under which the breakdown appears.
– If subparagraph (-a) appears in X.1(c)(1) and is referenced in X.1(c)(1), it will be referenced as (-a).
– If subparagraph (-a) appears in X.1(c)(1) but is referenced in X.1(c)(2), it will be referenced as (1)(-a).
– If subparagraph (-a) appears in X.1(c)(1) but is referenced in X.1(e)(1), it will be referenced as (c)(1)(-a).
– If subparagraph (-a) appears in X.1(c)(1) but is referenced in X.2(c)(2), it will be referenced as X.1(c)(1)(-a).

• Equation Cross-References. The cross-references to equations will follow the same logic. For example, if eq. (1)
appears in X.1(a)(1) but is referenced in X.1(b), it will be referenced as eq. (a)(1)(1). If eq. (1) appears in
X.1(a)(1) but is referenced in a different subsection/subarticle/paragraph, it will be referenced as eq. X.1(a)(1)(1).
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ARTICLE NE-1000
INTRODUCTION

NE-1100 SCOPE AND GENERAL
REQUIREMENTS

NE-1110 ASPECTS OF CONSTRUCTION COVERED
BY THESE RULES

(a) Subsection NE establishes rules for material,
design, fabrication, examination, inspection, testing,
and preparation of reports for metal containment vessels.

(b) Class MC containment vessels shall be constructed
in accordance with the rules of this Subsection, except as
provided in NCA‐2134(c). Only containment vessels and
their appurtenances shall be classified as ClassMC. Piping,
pumps, and valves that are part of the containment system
(NE-1130) or which penetrate or are attached to the
containment vessel shall be classified as Class 1 or
Class 2 by the Design Specification and meet the require-
ments of the applicable Subsection. Figure NE-1110-1
shows some typical penetrations with different Class des-
ignations.

(c) Subsection NE does not contain rules to cover all
details of construction of Class MC containment
vessels. The Certificate Holder shall provide details of
construction that will be consistent with those provided
by the rules of this Subsection. These details of construc-
tion shall be subject to the approval of the Owner or his
designee, and acceptance by the Inspector.

NE-1120 TEMPERATURE LIMITS

The rules of Subsection NE 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. Above those
temperatures, the creepand stress rupture characteristics
of materials permitted to be used become significant
factors, which 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) formaterials covered by Section III Appen-
dices, Mandatory Appendix I, Figures I-9.1 and I-9.4 and
above 800°F (425°C) for materials covered by Section III
Appendices,MandatoryAppendix I, Figures I-9.2and I-9.3.

NE-1130 ð21ÞBOUNDARIES OF JURISDICTION

The containment system includes (a) through (c) as
follows:

(a) the containment vessel;
(b) all penetration assemblies or appurtenances

attached to the containment vessel;
(c) all piping, pumps, and valves attached to the

containment vessel, or to penetration assemblies out
to and including any valves required to isolate the
system and provide a pressure boundary for the contain-
ment function. Classificationof such items shall be given in
the Design Specifications (NCA-3211.19 and NE-1110).

NE-1131 Boundaries of the Containment Vessel

The Design Specification shall define the boundary of a
containment vessel towhichpipingor another component
is attached. FigureNE-1131-1 shows typical jurisdictional
boundaries. The boundary shall not be closer to the
containment vessel 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.

NE-1132 Boundary Between Containment Vessel
and Attachments

NE-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 containment vessel.

(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) vessel opening reinforcement.

(2) Attachments with non-pressure-retaining func-
tion include items such as:

(-a) thermal sleeves and turning vanes;
(-b) vessel saddles, support and shear lugs,

brackets, skirts, and other items within the containment
vessel support load path.

ASME BPVC.III.1.NE-2021
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(c) Attachments may also have either a structural or
nonstructural function.

(1) Attachments with a structural function (struc-
tural attachments):

(-a) perform a pressure-retaining function;
(-b) are in the containment vessel support load

path.
(2) Attachments with a nonstructural function

(nonstructural attachments):
(-a) do not perform a pressure-retaining function;
(-b) arenot in the containmentvessel support load

path;
(-c) may be permanent or temporary.

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

NE-1132.2 Jurisdictional Boundary. The jurisdictional
boundary between the containment vessel and an attach-
ment defined in the Design Specification shall not be any
closer to the pressure-retaining portion of the vessel than
as defined in (a) through (g) below. Figures NE-1132.2-1,
NE-1132.2-2, and NE-1132.2-3 are provided as an aid in
defining the boundary and construction requirements of
this Subsection.

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

(b) Attachments, welds, and fasteners having a pres-
sure-retaining function shall be considered part of the
containment vessel.

(c) Except as provided in (d) and (e) below, the
boundary between the containment vessel and an attach-
ment not having a pressure-retaining function shall be at
the surface of the vessel.

(d) The first connecting weld of a non-pressure‐
retaining structural attachment to the containment
vessel shall be considered part of the vessel unless the
weld is more than 2t from the pressure-retaining
portion of the vessel, where t is the nominal thickness
of the pressure-retaining material. Beyond 2t from the
pressure-retaining portion of the vessel, the first weld
shall be considered part of the attachment.

(e) The first connectingweld of awelded nonstructural
attachment to the containment vessel 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 NE-4430.

(f) Mechanical fasteners used to connect a non-
pressure‐retaining attachment to the containment
vessel shall be considered part of the attachment.

(g) The boundary may be located further from the
pressure-retaining portion of the containment vessel
than as defined in (a) through (f) above when specified
in the Design Specification.
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Figure NE-1110-1
Typical Containment Penetrations
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Figure NE-1131-1
Some Typical Jurisdictional Boundaries for Welded Connections Class MC Containment Vessels
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Figure NE-1132.2-1
Attachments in the Containment Vessel Support Load Path That Do Not Perform a Pressure-Retaining Function

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

NOTE: (1) If the attachment is an intervening element [NF-1110(c)], material, design, and connections, as appropriate, are outside Code
jurisdiction.
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Figure NE-1132.2-2
Attachments That DoNot PerformaPressure-Retaining Function andAreNot in the Containment Vessel Support Load

Path (Nonstructural Attachments)

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

GENERAL NOTE: These sketches are intended to show jurisdictional concepts and should not be considered as recommended configurations.
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ARTICLE NE-2000
MATERIAL

NE-2100 GENERAL REQUIREMENTS FOR
MATERIAL

NE-2110 SCOPEOFPRINCIPALTERMSEMPLOYED

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

(b) The term pressure-retainingmaterial as used in this
Subsection applies to items such as vessel shells, heads,
and nozzles; pipes, tubes, and fittings; 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.

NE-2120 PRESSURE-RETAINING MATERIAL

NE-2121 Permitted Material Specifications

(a) Pressure-retainingmaterial shall conformto the re-
quirements of one of the specifications formaterials given
in Tables NE-2121(a)-1 and NE-2121(a)-2, including all
applicable footnotes in Section II, Part D, Subpart 1,

Tables 1A, 1B, and 3, and to all of the requirements of
this Article which apply to the product form in which
the material is used. Attachments which perform a pres-
sure-retaining function shall be pressure-retaining mate-
rial.

(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 seals,
gaskets, and ceramic insulating material and special
alloys used as seal material in electrical penetration
assemblies.

(c) Pressure-retaining material of ferritic steel whose
thickness exceeds 1∕4 in. (6 mm) for containment vessels
shall be normalized or quenched and tempered, fully
killed, and melted to a fine grain melting practice, when-
ever the material is not impact tested (NE-2311).

(d) Weldingandbrazingmaterials used inmanufacture
of items shall comply with an SFA Specification in Section
II, Part C, except as otherwise permitted in Section IX, and
shall also comply with the applicable requirements of this
Article. The requirements of this Article do not apply to
materialsusedasbacking ringsorbackingstrips inwelded
joints.

(e) The requirements of this Article do not apply to
hard surfacing or corrosion resistant weld metal
overlay which is 10% or less of the thickness of the
base material (NE-3122).

NE-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 these 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
specification, the examination, test, or treatment need be
performed only once. Required nondestructive examina-
tions shall be performed as specified for each product
form in NE-2500. Any examination, repair, test, or treat-
ment may be performed by the Material Organization or
Certificate Holder as provided in NE-4121.1. Any hydro-
static or pneumatic pressure test required by a material
specification need not be performed, provided the mate-
rial is identified as not having been pressure tested and it
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Table NE-2121(a)-1
Material Specifications and Grades Permitted for Class MC Construction

Carbon Steel
Plate

SA-36
SA-299
SA-516 Grade 55, 60, 65, 70
SA-537 Class 1, 2
SA-737 Grade B, C
SA-738 Grade B, C [Note (1)]

Forging
SA-105
SA-181 Class 60, 70
SA-266 Class 1, 2
SA-350 Grade LF1, LF2
SA-508 Class 1
SA-541 Class 1

Casting
SA-216 Grade WCA, WCB, WCC
SA-352 Grade LCB
SA-487 Grade 16 Class A

Bar
SA-36
SA-695 Grade 35 Type B, Grade 40 Type B
SA-696 Grade B, C

Pipe, Tube, Fitting
SA-106 Grade A, B, C
SA-178 Grade C
SA-210 Grade A‐1
SA-234 Grade WPB, WPBW, WPC, WPCW
SA-333 Grade 1, 6
SA-334 Grade 1, 6
SA-420 Grade WPL6, WPL6W
SA-671 Grade CC60, CC65, CC70, CD70, CD80, CE55, CE60,
CK75

SA-691 Grade CMS75, CMSH70, CMSH80
Shape

SA-36
Precipitation Hardened Steels

Plate
SA-693 Grade 630

Bar
SA-564 Grade 630

Forging
SA-705 Grade 630

High Alloy Type 304 Stainless Steels
Plate

SA-240 Type 304, 304L, 304H, 304LN
Forging

SA-182 Grade F304, F304L, F304H, F304LN
SA-965 Class F304, F304LN, F304H

Casting
SA-351 Grade CF3, CF8, CF3A, CF8A

Bar
SA-479 Type 304L, 304LN, 304

Pipe, Tube, Fitting
SA-213 Grade TP304L, TP304LN, TP304, TP304H
SA-249 Grade TP304L, TP304LN, TP304, TP304H
SA-312 Grade TP304L, TP304LN, TP304, TP304H
SA-358 Grade 304L Class 1, 304LNClass 1, 304 Class 1, 304H
Class 1

SA-376 Grade TP304LN, TP304, TP304H
SA-403 Class WP304L, WP304LW, WP304, WP304H,
WP304W, WP304HW, WP304LN, WP304LNW

SA-813 Grade TP304L, TP304LN, TP304, TP304H, TP304N
SA-814 Grade TP304L, TP304LN, TP304, TP304H

High Alloy Type 316 Stainless Steels
Plate

SA-240 Type 316L, 316, 316H 316LN
Forging

SA-182 Grade F316L, F316LN, F316, F316H
SA-965 Class F316LN, F316, F316H

Casting
SA-351 Grade CF3M, CF8M

Bar
SA-479 Type 316L, 316, 316LN

Pipe, Tube, Fitting
SA-213 Grade TP316L, TP316, TP316H, TP316LN
SA-249 Grade TP316L, TP316, TP316H, TP316LN
SA-312 Grade TP316L, TP316, TP316H, TP316LN
SA-358 Grade 316L Class 1, 316 Class 1, 316HClass 1, 316LN
Class 1

SA-376 Grade TP316LN, TP316, TP316H
SA-403 Class WP316L, WP316LW, WP316LN, WP316LNW,
WP316, WP316W, WP316H, WP316HW

SA-813 Grade TP316L, TP316, TP316H, TP316LN
SA-814 Grade TP316L, TP316, TP316H, TP316LN, TP316N

High Alloy Type 309, 310 Stainless Steels
Casting

SA-351 Grade CH8, CK20, CH20
High Alloy Type 321 Steels

Plate
SA-240 Type 321

Forging
SA-182 Grade F321, F321H
SA-965 Class F321, F321H

Bar
SA-479 Grade 321

Pipe, Tube, Fitting
SA-213 Grade TP321, TP321H
SA-249 Grade TP321, TP321H
SA-312 Grade TP321, TP321H
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is subsequentlypressure tested, exceptwhere the location
of the material in the vessel or the installation would
prevent performing any nondestructive examination
required by the material specification to be performed
subsequent to the hydrostatic or pneumatic test.

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

(b) In addition to tension testing required by themate-
rial specification, forgings produced for flat heads 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 NE-4243.1. The tension test specimen shall be
located in accordance with NE-4243.1 and Figure
NE-4243.1-1.

Table NE-2121(a)-1
Material Specifications and Grades Permitted for Class MC Construction (Cont’d)

Pipe, Tube, Fitting (Cont’d)
SA-376 Grade TP321, TP321H
SA-403 Class WP321, WP321H, WP321W, WP321HW
SA-813 Grade TP321, TP321H
SA-814 Grade TP321, TP321H

High Alloy Type 347, 348 Stainless Steels
Plate

SA-240 Type 347, 348
Forging

SA-182 Grade F347, F347H, F348, F348H
SA-965 Class F347, F347H

Casting
SA-351 Grade CF8C

Bar
SA-479 Grade 347, 348

Pipe, Tube, Fitting
SA-213 Grade TP347, TP347H, TP348, TP348H
SA-249 Grade TP347, TP347H, TP348, TP348H
SA-312 Grade TP347, TP347H, TP348, TP348H
SA-376 Grade TP347, TP347H, TP348
SA-403 Class WP347, WP347H, WP347W, WP347HW,
WP348, WP348H, WP348W, WP348HW

SA-813 Grade TP347, TP347H, TP348H
SA-814 Grade TP347, TP347H, TP348, TP348H

Type XM‐19 Stainless Steels
Plate

SA-240 Type XM‐19
Forging

SA-182 Grade FXM‐19
Bar

SA-479 Type XM‐19

Pipe, Tube, Fitting
SA-249 Grade TPXM‐19
SA-312 Grade TPXM‐19
SA-358 Grade XM‐19
SA-403 Class WPXM‐19, WPXM‐19W
SA-813 Grade TPXM‐19
SA-814 Grade TPXM‐19

High Nickel Alloys
Plate

SB-168 Grade N06600
SB-409 Grade 800, 800H
SB-443 Grade N06625

Bar
SB-166 Grade N06600
SB-408 Grade 800, 800H

Pipe, Tube, Fitting
SB-163 Grade N06600, 800, 800H
SB-167 Grade N06600
SB-407 Grade 800, 800H

Nickel‐Copper Alloys
Plate

SB-127 Grade 400
Bar

SB-164 Grade 400, 405
Pipe, Tube, Fitting

SB-163 Grade 400
SB-165 Grade 400

NOTE: (1) SA-20 Supplementary Requirements S1 “Vacuum Treatment” and S20 “Maximum Carbon Equivalent for Weldability” shall be man-
datory for this material.

Table NE-2121(a)-2
Permitted Bolting Material

Specifications

Low Alloy Steels
SA-193 Grade B7, B16
SA-320 Grade L43

High Alloy Steels
SA-193 Grade B6 Class 410
SA-193 Grade B8, B8C, B8T, B8M
SA-437 Grade B4B, B4C
SA-453 Grade 651, 660
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NE-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. Vessels, except for piping, made of plate
furnished with an undertolerance of not more than the
lesser value of 0.01 in. (0.3 mm) or 6% of the ordered
thickness may be used at the full design pressure for
the thickness ordered. If the specification to which the
plate is ordered allows a greater undertolerance, the
ordered thickness of the material shall be sufficiently
greater than the design thickness so that the thickness
of the material furnished is not more than the lesser of
0.01 in. (0.3 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 Table NE-2121(a)-1. After theminimum
wall thickness is determined, it shall be increased by an
amount sufficient to provide for themanufacturing under-
tolerance allowed in the pipe or tube specification.

NE-2125 Materials in Combination1

Avesselmaybedesigned and constructed of any combi-
nation of materials permitted in Article NE-2000,
provided the applicable rules are followed and the re-
quirements of Section IX for welding dissimilar metals
are met.

NE-2126 Condition of Material for Intended
Service

Specific chemical compositions, heat treatment proce-
dures, fabrication requirements, and supplementary tests
maybe required toensure that the componentwill be in its
most favorable condition for the intended service. This is
particularly true for components subject to severe corro-
sion. These rules do not indicate the selection of material
suitable for the intended service or the amount of corro-
sion allowance to be provided. It is recommended that
Owners assure themselves, by appropriate tests or
other means, that the material selected and its heat treat-
ment during fabrication will be suitable for the intended
service with respect both to corrosion resistance and to
retention of satisfactorymechanical properties during the
desired service life.

NE-2127 Clad Plate

(a) Clad plate used in constructions inwhich the design
calculations are based on the total thickness, including
cladding, shall conform to one of the following specifica-
tions:

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

(2) SA-264 Stainless Chromium‐Nickel Steel Clad
Plate, Sheet, and Strip;

(3) SA-265 Nickel and Nickel‐Base Alloy Clad Steel
Plate.

(b) Clad plate used in constructions inwhich the design
calculations are based on the clad plate thickness, exclu-
sive of the thickness of the cladding material, may consist
of any base plate material satisfying the requirements of
NE-2121 and any metallic cladding material of weldable
quality that in the judgmentof theOwner is suitable for the
intended service.

(c) Integrally clad steel plate in which any part of the
cladding is included in the design calculations, as
permitted in NE-3122.4(b), shall show a minimum
shear strength of 20.0 ksi (138 MPa) when tested in
the manner described in the plate specification. One
shear test shall be made on each such clad plate as
rolled and the results shall be reported by the mill.

(d) When any part of the cladding thickness is specified
as an allowance for corrosion, such added thickness shall
be removed before mill tension tests are made. When
corrosion of the cladding is not expected, no part of
the cladding material need be removed before testing,
even though excess thickness seems to have been
provided or is available as corrosion allowance.

NE-2128 Bolting Material

(a) Material for nuts shall conform to SA-194 or to the
requirements for nuts in the specification for the bolting
material which is to be used.

(b) Nuts shall be threaded to Class 2B or finer toler-
ances according to ASME B1.1. Materials for nuts and
washers shall be selected as follows.

(1) Carbon steel nuts and carbon steel washers may
be used with carbon steel bolts or studs.

(2) Carbon or alloy steel nuts and carbon or alloy
steel washers of approximately the same hardness as
the nuts may be used with alloy steel bolts or studs
for metal temperatures not exceeding 900°F (480°C).

(3) Alloy steel nuts shall be used with alloy steel
studs or bolts for metal temperatures exceeding 900°F
(480°C). Washers, if used, shall be of alloy steel with
equivalent chemistry and hardness to the nut material.

(c) Nuts shall be semifinished, chamfered, and
trimmed. For use with flanges conforming to the stan-
dards listed in NE-3362, nuts shall conform at least to
the dimensions given in ASME/ANSI B18.2.2 for Heavy
Series Nuts. For use with connections designed in
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accordance with the rules in Section III Appendices, Man-
datory Appendix XI, nuts may be of the Heavy Series or
they may be of other dimensions, provided their strength
is equal to that of the bolting, giving due consideration to
bolt hole clearance, bearing area, thread form and class of
fit, thread shear, and radial thrust from threads.

NE-2130 CERTIFICATION OF MATERIAL

All material used in the construction of Class MC
containment vessels shall be certified as required in
NCA‐3862 and NCA‐3861. Certified Material Test
Reports are required for pressure-retaining material
except as provided by NCA‐3861. A Certificate of Compli-
ance may be provided in lieu of Certified Material Test
Reports for all other material. Copies of all CertifiedMate-
rial TestReports andCertificatesof Complianceapplicable
to material used in a vessel shall be furnished with the
material.

NE-2140 WELDING MATERIAL

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

NE-2150 MATERIAL IDENTIFICATION

The identification of pressure-retaining material shall
meet the requirements of NCA‐4256. Material for small
items shall be controlled during manufacture of the
vessel so that they are identifiable as acceptable material
at all times. Welding and brazing material shall be
controlled during the repair of material and the manufac-
ture of vessels so that they are identifiable as acceptable
until the material is actually consumed in the process
(NE-4122).

NE-2160ð21Þ 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), with specific attention being given
to the effects of service conditions upon the properties of
the material.

NE-2170 HEATTREATMENTTOENHANCE IMPACT
PROPERTIES

Carbon steels, low alloy steels, and high alloy chromium
(Series 4XX) steels may be heat treated by quenching and
tempering to enhance their impact properties. Postweld
heat treatment of thematerial at a temperature of not less
than 1,100°F (595°C) may be considered to be the
tempering phase of the heat treatment. The requirements
of NE-2220 shall be met.

NE-2180 PROCEDURESFORHEATTREATMENTOF
MATERIAL

When heat treating temperature or time is required by
thematerial specification and the rules of this Subsection,
the heat treating shall be performed in temperature‐
surveyed and ‐calibrated furnaces or the heat treating
shall be controlled by measurement of material tempera-
ture by thermocouples in contact with the material or
attached to blocks in contact with the material, or by cali-
brated pyrometric instruments. Heat treating shall be
performed under furnace loading conditions such that
theheat treatment is in accordancewith thematerial spec-
ification and the rules of this Subsection.

NE-2190 NON-PRESSURE‐RETAINING MATERIAL

(a) Material in the containment vessel support load
path and not performing a pressure-retaining function
(see NE-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 containment vessel support load path
(nonstructural attachments) welded at or within 2t of the
pressure-retaining portion of the vessel need not comply
with Article NE-2000 or Article NF‐2000, provided the
requirements of NE-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.

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

NE-2210 HEAT TREATMENT REQUIREMENTS

NE-2211 Test Coupon Heat Treatment for Ferritic
Material2

Where ferritic steel material is subjected to heat treat-
ment during fabrication or installation of a containment
vessel, the material used for the tensile and impact test
specimens shall be heat treated in the samemanner as the
containment vessel, except that test coupons and speci-
mens for P‐No. 1, Group Nos. 1 and 2, material with a
nominal thickness of 2 in. (50mm)or less are not required
to be so heat treated. The Certificate Holder shall provide
the Material Organization with the temperature and
heating and cooling rate to be used. In the case of postweld
heat treatment, the total time at temperature or tempera-
tures for the test material shall be at least 80% of the total
time at temperature or temperatures during actual post-
weld heat treatment of the material, and the total time at
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temperature or temperatures for the test material,
coupon, or specimen may be performed in a single cycle.

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

NE-2212.1 Cooling Rates.Where ferritic steel material
is subjected to quenching from the austenitizing tempera-
ture, the test coupons representing those materials shall
be cooled at a rate similar to and no faster than the main
body of the material, except in the case of certain forgings
and castings [NE-2223.3 and NE-2226(b)(5)]. This rule
shall apply for coupons taken directly from the material
aswell as for separate test coupons representing themate-
rial, and one of the general procedures described in
NE-2212.2 or one of the specific procedures described
in NE-2220 shall be used for each product form.

NE-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 NE-2220. Further specific details of the methods
to be used shall be the obligation of the Material Organ-
ization 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
NE-2220 are used, faster cooling rates at the edgesmay be
compensated for by:

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

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

(3) using thermal barriers or insulation at the edge
where specimens are to be removed.
It shall be demonstrated (and this information shall be

included in the Certified Material Test Report) that the
cooling rates are equivalent to (a) or (b) above.

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

NE-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.

NE-2222 Plates

NE-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.

NE-2222.2 Requirements for Separate Test Coupons.
Where a separate test coupon is used to represent the
component material, it shall be of sufficient size to
ensure that the cooling rate of the region from which
the test coupons are removed represents the cooling
rate of the material at least 1∕4t deep and t from any
edge of the product. Unless cooling rates applicable to
the bulk pieces or product are simulated in accordance
with NE-2212.2, the dimensions of the coupon shall be
not less than 3t × 3t × t, where t is the nominal material
thickness.

NE-2223 Forgings

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

NE-2223.2 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
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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.

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

(a) The separate test forging shall beof the sameheatof
material and shall be subjected to substantially the same
reduction and working as the production forging it repre-
sents.

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

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

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

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

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

NE-2224 Location of Coupons

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

(b) Bolting Material. For bolting material, the coupons
shall be taken in conformancewith the applicablematerial
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,
themidlength of the specimen shall be at themidlength of
thestuds,nuts, orbolts. Thestuds, nuts, orbolts 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.

NE-2225 Tubular Products and Fittings

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

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

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

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

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

(b) One of the following shall apply.
(1) The longitudinal centering of the thickness of the

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

(2) Where separately cast test coupons are used,
their dimensions shall be not less than 3t × 3t × t and
each specimen cut from it shall meet the requirements
of (b). 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 con-
ditionsas theproductioncasting(s).The tdimensionof the
test coupon shall be the same maximum thickness t as
defined in (a) above. Where separate test blocks
require reheat treatment, thermal buffers in accordance
with (b) 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 specimens shall be removed from the
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casting in a location adjacent 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) above. This infor-
mation shall be included in the test reports.

(5) Where castings are cast or machined to essen-
tially the finished product configuration prior to heat
treatment, the test specimens shall be removed from a
casting prolongation or other stock on the product at a
location below the nearest heat-treated surface indicated
on the order. The specimens shall be located with their
longitudinal axes a distance below the nearest heat-
treated surface equivalent to at least the greatest distance
that the indicated high tensile stress surface will be from
the nearest heat-treated surface and with their midlength
a minimum of twice this distance from a 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.

NE-2300 FRACTURE TOUGHNESS
REQUIREMENTS FOR MATERIAL

NE-2310 MATERIAL TO BE IMPACT TESTED

NE-2311 Material for Which Impact Testing Is
Required

(a) Pressure-retaining material shall be impact tested
in accordance with the requirements of NE-2330, except
that impact testing of materials described in (1) through
(9)below isnot a requirementof this Subsection, provided
the requirements of NE-2121(c) are met.

(1) material with a nominal section thickness of
5∕8 in. (16 mm) or less where the thickness shall be
taken as defined in (-a) through (-d) below:

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

(-b) 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;

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

(-d) for 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 of NPS 1
in. (25 mm) or less;

(3) bars with a nominal cross‐sectional area which
does not exceed 1 in.2 (650 mm2);

(4) all thicknesses of material for pipe, tube, and
fittings of NPS 6 in. diameter (DN 150) and smaller;

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

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

(7) nonferrous materials;
(8) materials listed in Table NE-2311(a)-1 for which

the listed value of TNDT3 is lower than the Lowest Service
Metal Temperature4 (LST) by an amount established by
the rules in Section III Appendices, NonmandatoryAppen-
dix R. This exemption does not exempt either the weld
metal (NE-2430) or the welding procedure qualification
(NE-4335) from impact testing.

(9) materials for components for which the Lowest
Service Temperature exceeds 150°F (65°C);

(b) The Design Specification shall state the Lowest
Service Temperature for the component.

(c) Drop weight tests are not required for the marten-
sitic high alloy chromium (Series 4XX) steels and preci-
pitation‐hardening steels listed in Section II, Part D,
Subpart 1, Table 1A. The other requirements of

Table NE-2311(a)-1
Exemptions From Impact Testing Under NE-2311(a)(8)

Material [Note (1)]
Material Condition

[Note (2)]
TNDT, °F (°C)

[Notes (3), (4)]
SA-537 Class 1 N −30 (−34)
SA-516 Grade 70 Q&T −10 (−23)
SA-516 Grade 70 N 0 (−18)
SA-508 Class 1 Q&T +10 (−12)
SA-299 [Note (5)] N +20 (−7)
SA-216 Grades WCB, WCC Q&T +30 (−1)

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
(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-
ture NDT (ASTM E208); TNDT is 10°F (5.6°C) below the tempera-
ture atwhichat least twospecimens showno‐breakperformance.

(5) Materials made to a fine gain melting practice.
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NE-2331 and NE-2332 apply for these steels. For nominal
wall thicknesses greater than 21∕2 in. (64 mm), the
requiredCv values shall be 40mils (1.0mm) lateral expan-
sion.

NE-2320 IMPACT TEST PROCEDURES

NE-2321 Types of Tests

NE-2321.1 Drop Weight Tests. The drop weight test,
when required, shall be performed in accordance with
ASTM E208. Specimen type P‐1, P‐2, or P‐3 may be
used. When drop weight tests are performed to meet
the requirements of NE-2300, the test temperature and
the results shall be reported on the Certified Material
Test Report.

NE-2321.2 Charpy V‐Notch Tests. The Charpy V‐notch
tests (Cv), when required, shall be performed in accor-
dance with SA-370. Specimens shall be in accordance
with SA-370, Figure 11, Type A. A test shall consist of
a set of three full‐size 10 mm × 10 mm specimens. The
lateral expansion and absorbed energy, as applicable,
and the test temperature, as well as the orientation
and location of all tests performed to meet the require-
ments of NE-2330 shall be reported in the Certified Mate-
rial Test Report.

NE-2322 Test Specimens

NE-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.

NE-2322.2 Orientation of Test Specimens.

(a) Specimens for Cv impact tests for quenched and
tempered material shall be oriented in accordance
with the requirements of NE-2220 and for other material
in accordance with the requirements given in SA-370.

(b) Specimens for drop weight tests may have their
axes oriented in any direction.

NE-2330 TEST REQUIREMENTS AND
ACCEPTANCE STANDARDS

NE-2331 Pressure-Retaining Material Test
Methods and Temperature

(a) Pressure-retaining material shall be impact tested
in accordance with one of the test methods indicated
below.

(1) Charpy V‐notch testing at or below the Lowest
Service Metal Temperature.4, 5

(2) Drop weight testing to show that the Lowest
Service Metal Temperature4 (LST − TNDT) is satisfied in
accordancewith the rules established inSection IIIAppen-
dices, Nonmandatory Appendix R.

(b) In addition, when the Design Specification requires
a vessel hydrostatic or pneumatic test temperature which
is lower than the Lowest Service Metal Temperature,4 the
impact testing for pressure-retaining material shall be
performed in accordance with (a) above, at or below
the lowest specified vessel test temperature. As an alter-
native, a Lowest Overpressure Test Metal Temperature6
shall be specified. In this case, Charpy V‐notch testing, in
addition to the tests required by (a) above, shall be
performed as specified in NE-2321.2 at a temperature
30°F (17°C) or more below the Lowest Overpressure
Test Metal Temperature in accordance with NE-2333.

(c) The use of the material below the temperature
established by the methods of (a) or (b) above may be
justified by methods equivalent to those contained in
Section III Appendices, Nonmandatory Appendix G.

NE-2332 Specific Test Methods and Acceptance
Standards for Pressure-Retaining
Material for Tests Based on Lowest
Service Metal Temperatures

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

standards applicable to the specified test method.
(a) Charpy V‐Notch Testing for Lateral Expansion

Values. The test results of the three specimens, collectively
and singly, shall meet the respective requirements of
Table NE-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 NE-2332.1-2.
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(c) Drop Weight Testing. An acceptance test shall
consist of at least two no‐break specimens as described
in ASTM E208.

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

(a) The base material and the weld procedure qualifi-
cation weld metal tests of NE-4335 shall be tested by the
drop weight method as specified in NE-2321.1 and
NE-2331(a)(2).

(b) Except as limited in NE-4335, apply one of the
methods of NE-2331(a) to test the base material and
the heat-affected zone of theweld procedure qualification
tests for NE-4335 and the weld metal for NE-2431.

(c) The acceptance standards shall be as given in
NE-2332.1(a), NE-2332.1(b), or NE-2332.1(c), as applica-
ble.

NE-2332.3 Bolting Material. The drop weight test is
not applicable to bolting materials. For bolting material,
includingnuts, studs, andbolts, a CharpyV‐notch test shall
beperformed.Optionally, the testmaybeperformedat the
Lowest Service Metal Temperature, or at a temperature
30°F (17°C) or more below the Lowest Service Metal
Temperature.

(a) When tested at the Lowest Service Metal Tempera-
ture, lateral expansion and absorbed energy values shall
be determined, and all three specimens shall meet the re-
quirements of Table NE-2332.3(a)-1.

(b) When tested at 30°F (17°C) or more below the
Lowest Service Metal Temperature, lateral expansion
and absorbed energy values shall be determined, and

all three specimens shall meet the requirements of
Table NE-2332.3(b)-1.

NE-2333 Specific Test Methods and Acceptance
Standards for Pressure-Retaining
Material for Tests Based on Lowest
Overpressure Test Metal Temperature

NE-2333.1 Pressure-Retaining Material Other Than
Bolting. Apply the method of NE-2331(a)(1) to test:
the base material; the base material, the heat-affected
zone, and the weld metal for the weld procedure quali-
fication tests of NE-4335; and theweldmetal forNE-2431.
The impact test results of the three specimens, collec-

tively and singly, shall meet the respective requirements
of Table NE-2333.1-1.

NE-2333.2 Bolting Material. For bolting material,
including nuts, studs, and bolts, a Charpy V‐notch test
shall be performed. The test shall be performed at or
below the Lowest Service Metal Temperature, and all
three specimens shall meet the requirements of
Table NE-2332.3(a)-1.

NE-2340 NUMBER OF IMPACT TESTS REQUIRED

NE-2341 Plates

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

NE-2342 Forgings and Castings

(a) Where theweight of an individual forging or casting
is less than 1,000 lb (450 kg), one test shall be made to
represent each heat in each heat treatment lot.

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

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

(d) As an alternative to (c), a separate test forging or
casting may be used to represent forgings or castings of
different sizes in one heat and heat treat lot, provided the
test piece is a representation of the greatest thickness in
the heat treat lot. In addition, test forgings shall have been
subjected to substantially thesamereductionandworking
as the forgings represented.

(e) Forgingsor castings larger than10,000 lb (4500kg)
shall have two tests per part for Charpy V‐notch, and one
test for drop weights. The location of drop weight or Cv

Table NE-2332.1-1
Required Cv Lateral Expansion Values for Pressure-

Retaining Material Other Than Bolting

Nominal Wall Thickness, in. (mm)

Lateral Expansion, mils
(mm) [Notes (1), (2)]
Average
of 3

Lowest
1 of 3

5∕8 (16) or less [Note (3)] … …
Over 5∕8 to 1 (16 to 25), incl. 20 (0.50) 15 (0.38)
Over 1 to 11∕2 (25 to 38), incl. 25 (0.64) 20 (0.50)
Over 11∕2 to 21∕2 (38 to 64), incl. 35 (0.89) 30 (0.75)
Over 21∕2 (64) [Note (4)] 45 (1.1) 40 (1.0)

NOTES:
(1) Where weld metal tests of NE-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.

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

(3) No test required.
(4) For use with NE-2332.2(b).
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Table NE-2332.1-2
Required Cv Energy Values for Pressure-Retaining Material Other Than Bolting

Nominal Wall Thickness,
in. (mm)

Energy, ft‐lb (J) for Base Materials [Note (1)] of Specified Minimum Yield Strength, ksi (MPa)
55 ksi (380 MPa)

or Below
Over 55 ksi to 75 ksi (380 MPa

to 520 MPa), Incl.
Over 75 ksi to 105 ksi (520 MPa

to 724 MPa), Incl.
Average
of 3

Lowest
1 or 3

Average
of 3

Lowest
1 of 3

Average
of 3

Lowest
1 of 3

5∕8 (16) or less [Note (2)] … … … … … …
Over 5∕8 to 1 (16 to 25), incl. 20 (27) 15 (20) 25 (34) 20 (27) 30 (41) 25 (34)
Over 1 to 11∕2 (25 to 38), incl. 25 (34) 20 (27) 30 (41) 25 (34) 35 (47) 30 (41)
Over 11∕2 to 21∕2 (38 to 64), incl. 35 (47) 30 (41) 40 (54) 35 (47) 45 (61) 40 (54)
Over 21∕2 (64) [Note (3)] 45 (61) 40 (54) 50 (68) 45 (61) 55 (75) 50 (68)

GENERAL NOTE: Where weld metal tests of NE-2400 are made to these requirements, the impact energy shall conform to the requirements of
either of the base materials being joined.

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

qualification tests of NE-4330 shall conform to the requirements of either of the base materials.
(2) No test required.
(3) For use with NE-2332.2(b).

Table NE-2332.3(a)-1
Required C

v
Values for Bolting Material Tested in

Accordance With NE-2332.3(a)

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 (0.6) No requirements

Over 4 (100) 25 (0.6) 45 (61)

Table NE-2332.3(b)-1
Required C

v
Values for Bolting Material Tested in

Accordance With NE-2332.3(b)
and NE-2333.2

Nominal Diameter,
in. (mm)

Lateral
Expansion,
mils (mm)

Absorbed
Energy,
ft‐lb (J)

1 or less (25) 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 (47)

Table NE-2333.1-1
Required C

v
Energy Values for Pressure-Retaining

Material Other Than Bolting for the Overpressure Test

Nominal Wall
Thickness,
in. (mm)

Energy, ft‐lb (J), for Base Materials
[Notes (1), (2)] of SpecifiedMinimumTensile

Strength, ksi (MPa)
60 ksi (415 MPa)

or Below
Over 60 ksi
(415 MPa)

Average
of 3

Lowest 1
of 3

Average
of 3

Lowest 1
of 3

5∕8 (16) or less
[Note (3)]

… … … …

Over 5∕8 (16) 15 (20) 10 (14) 20 (27) 15 (20)

NOTES:
(1) Where weld metal tests of NE-2400 are made to these require-

ments, the impact energy shall conform to the requirements of
either of the base materials being joined.

(2) Where two base materials having different required energy
values are joined, the weld metal impact energy requirements
of the procedure qualification tests of NE-4330 shall conform
to the requirements of either of the base materials.

(3) No test required.
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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.

(f) As an alternative to (e) for static castings, a sepa-
rately cast test coupon [NE-2226(b)(2)] may be used; one
test shall bemade forCharpyV‐notchandone test for drop
weight.

NE-2343 Bars

One test shall be made for each lot of bars with a cross‐
sectional area greater than 1 in.2 (650 mm2) in each lot,
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 (2700kg).

NE-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.

NE-2345 Bolting Material

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

Diameter, in. (mm) Weight, lb (kg)
13∕4 (44) and less 1,500 (680)
Over 13∕4 to 21∕2 (44 to 64) 3,000 (1350)
Over 21∕2 to 5 (64 to 125) 6,000 (2700)
Over 5 (125) 10,000 (4500)

NE-2350 RETESTS

NE-2351 Retests for Material Other Than Bolting

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

(1) the average value of the test results meets the
average of three requirements specified in Table
NE-2332.1-1, Table NE-2332.1-2, or Table NE-2333.1-1,
as applicable;

(2) notmore than one specimen per test is below the
lowest one of three requirements specified in Table
NE-2332.1-1, Table NE-2332.1-2, or Table NE-2333.1-1,
as applicable;

(3) the specimen not meeting the requirements is
not lower than 5 ft‐lb (6.8 J) or 5 mils (0.14 mm)
below the lowest one of three requirements specified
in Table NE-2332.1-1, Table NE-2332.1-2, or Table
NE-2333.1-1, as applicable.

(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 NE-2332.1-1, Table NE-2332.1-2, or Table
NE-2333.1-1, as applicable.

NE-2352 Retests for Bolting Material

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

(1) notmore than one specimen per test is below the
acceptance requirements;

(2) the specimen not meeting the acceptance re-
quirements is not lower than 5 ft‐lb (6.8 J) or 5 mils
(0.13 mm) below the acceptance requirements.

(b) A retest consists of two additional specimens taken
as near as practicable to the failed specimens. For accep-
tance of the retests, both specimens shall meet the speci-
fied acceptance requirements.

NE-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) and (b) below.

(a) Temperature instruments used to control test
temperature of specimens shall be calibrated and the
results recorded to meet the requirements of NCA-
4258.2 at least once in each 3‐month interval.

(b) Cv impact test machines shall be calibrated and the
results recorded tomeet the requirements of NCA-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).

NE-2400 WELDING MATERIAL

NE-2410 GENERAL REQUIREMENTS

(a) All welding material used in the construction and
repair of components ormaterial, exceptweldingmaterial
used for hard surfacing, shall conform to the requirements
of the welding material specification or to the
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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 NE-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 [NE-2431.1(e)] in the

as‐welded or heat - treated condi t ion , or both
[NE-2431.1(c)];

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

(6) Charpy V‐notch test for material as‐welded, or
heat treated, or both (NE-2331); the test temperature
and the lateral expansion or the absorbed energy shall
be provided;

(7) thepreheat and interpass temperature tobeused
during welding of the test coupon [NE-2431.1(c)];

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

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

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

NE-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 consum-
ables. Tests performed on welding material in the quali-
fication of weld procedures will satisfy the testing
requirements for the lot, heat, or combination of heat
and batch of welding material used, provided the tests
required by Article NE-4000 and this subarticle are
made and the results conform to the requirements of
this Article.

NE-2430 WELD METAL TESTS

NE-2431 Mechanical Properties Test

Tensile and impact tests shall be made, in accordance
with this paragraph, of welding material which is used to
join P‐Nos. 1, 3, 4, 5, 6, 7, 9, and 11 base materials in any
combination, with the exceptions listed in (a) through (d)
below:

(a) austenitic stainless steel and nonferrous welding
material used to join the listed P‐Numbers;

(b) consumable inserts (backing filler material);
(c) weldingmaterial used for GTAW root deposits with

a maximum of two layers;
(d) welding material to be used for the welding of base

ma te r i a l s exempted f rom impac t t e s t i ng by
NE -2311 ( a ) ( 1 ) t h r ough NE -2311 ( a ) ( 7 ) and
NE-2311(a)(9) shall likewise be exempted from the
impact testing required by this paragraph.

NE-2431.1 General Test Requirements. The welding
test coupon shall be made in accordance with (a)
through (f) below, using each process with which the
weld material will be used in production welding.

(a) Test coupons shall be of sufficient size and thick-
ness such that the test specimens required herein can be
removed.

(b) Theweldmetal to be tested for all processes except
electroslagwelding shall be deposited in such amanner as
to eliminate substantially the influence of the base mate-
rial on the results of the tests. Weld metal to be used with
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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.Thebasematerial shall conformwith the require-
ments of Section IX, QW‐403.1 or Section IX, QW‐403.4, as
applicable.

(c) The welding of the test coupon shall be performed
within the range of preheat and interpass temperatures
which 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 postweld heat treatment of the test
coupon may be applied in one heating cycle. The
cooling rate from the postweld heat treatment tempera-
ture shall be of the same order as that applicable to the
weld metal in the component. In addition, weld coupons
forweldmetal to be usedwith the electroslag process that
are tested in the as‐welded condition, or following a post-
weld heat treatment within the holding temperature
ranges of Table NE-4622.1-1 or Table NE-4622.4(c)-1,
shall have a thickness within the range of 0.5 to 1.1
times the thickness of thewelds to bemade in production.
Electroslag weld coupons to be tested following a post-
weld heat treatment which will include heating the
coupon to a temperature above the “HoldingTemperature
Range” of TableNE-4622.1-1 for the typeofmaterial being
tested shall have a thickness within the range of 0.9 to 1.1
times the thickness of thewelds to bemade in production.

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

(e) One all weld metal tensile specimen shall be tested
and shall meet the specifiedminimum tensile strength re-
quirements of the basematerial specification.Where base
materials of different specifications are to be welded, the
tensile strength requirements shall conform to the speci-
fied minimum tensile strength requirements of either of
the base material specifications.

(f) Impact specimens of the weld metal shall be tested
where impact tests are required for either of the base
materials of the production weld. The weld metal shall
conform to the requirements of NE-2332.1, NE-2332.2,
or NE-2332.3, as applicable.

NE-2431.2 Standard Test Requirements. In lieu of the
use of the General Test Requirements specified in
NE-2431.1, tensile and impact testsmay bemade in accor-
dancewith this subparagraphwhere they are required for
mild and low alloy steel covered electrodes. The material
combinations which require weld material testing, as
listed in NE-2431, shall apply for this Standard Test Re-
quirements option. The limitations and testing under this
Standard Test option shall be in accordance with (a)
through (f) below.

(a) Testing to the requirements of this subparagraph
shall be limited to electrode classifications included in
Specification SFA‐5.1 or SFA‐5.5.

(b) The test assembly required by SFA‐5.1 or SFA‐5.5,
as applicable, shall be used for test coupon preparation,
except that it shall be increased in size to obtain the
numberof Cv specimensor thedropweight test specimens
required by NE-2331, where applicable.

(c) The welding of the test coupon shall conform to the
requirementsof the SFASpecification for the classification
of electrodebeing tested. Coupons shall be tested in theas‐
welded condition and also in the postweld heat-treated
condition. The postweld heat treatment temperatures
shall be in accordance with Table NE-4622.1-1 for the ap-
plicable P‐Number equivalent. The time at postweld heat
treatment temperature shall be 8 hr (this qualifies post-
weldheat treatments of 10hror less).Where thepostweld
heat treatment of the production weld exceeds 10 hr, or
the PWHT temperature is other than that required above,
the general test of NE-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 NE-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 NE-2431.1(f) shall be applica-
ble to the impact testing of this option.

NE-2432 Chemical Analysis Test

Chemical analysis of filler metal or weld deposits shall
be made in accordance with NE-2420 and as required by
NE-2432.1 and NE-2432.2.

NE-2432.1 Test Method. The chemical analysis test
shall be performed in accordance with this subparagraph
and Table NE-2432.1-1, and the results shall conform to
NE-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
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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
either the filler metal analysis or the undiluted weld
deposit analysis or for in situ cladding deposit analysis
in conformance with the above required certification
testing.

(c) The preparation of samples for chemical analysis
of undiluted weld deposits shall comply with the
method given in the applicable SFA Specification.
Where a weld deposit method is not provided by the
SFA Specification, the sample shall be removed from a
weld pad, groove, or other test weld7 made using the
welding process that will be followed when the
welding material or combination of welding materials
being certified is consumed. Theweld for A‐No. 8material
to be used with the GMAW or EGW process shall be made
using the shielding gas composition specified in the
Welding Procedure Specification that will be followed
when the material is consumed. The test sample for
ESWshall be removed from theweldmetal of themechan-
ical properties test coupon. Where a chemical analysis is
required for a welding material which does not have a
mechanical properties test requirement, a chemical
analysis test coupon shall be prepared as required by
NE-2431.1(c), except that heat treatment of the coupon
is not required and the weld coupon thickness require-
ments of NE-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 theWelding 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.

NE-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
inTableNE-2432.2-1, and foranyotherelements specified
either in the welding material specification referenced by
the Welding Procedure Specification or in the Welding
Procedure Specification.

(b) Thechemical compositionof theweldmetal or filler
metal shall conform to the welding material specification
for elements having specified percentage composition
limits. Where the Welding Procedure Specification
contains a modification of the composition limits of
SFA or other referenced welding material specifications,
or provides limits for additional elements, these composi-
tion limits of the Welding Procedure Specification shall
apply for acceptability.

(c) The results of the chemical analysis shall be
reported in accordance with NCA‐3862.1. Elements
listed in Table NE-2432.2-1 but not specified in the
welding material specification or Welding Procedure
Specification shall be reported for information only.

NE-2433 Delta Ferrite Determination

A determination of delta ferrite shall be performed on
A‐No. 8weldmaterial (Section IX, TableQW‐442); backing
filler metal (consumable inserts); bare electrode, rod, or
wire filler metal; or weld metal, except that delta ferrite
determinations are not required for SFA‐5.4 Type 16‐8‐2,
or A‐No. 8weld fillermetal to be used forweldmetal clad-
ding.

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

Table NE-2432.1-1
Sampling of Welding Materials for Chemical Analysis

Welding
Material GTAW/PAW GMAW

All Other
Processes

A‐No. 8 filler
metal

Filler metal or
weld deposit

Weld deposit Weld deposit

All other filler
metal

Filler metal or
weld deposit

Filler metal or
weld deposit

Weld deposit

Table NE-2432.2-1
Welding Material Chemical Analysis

Materials Elements
Cr–Ni stainless materials C, Cr, Mo, Ni, Mn, Si, Cb
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(a) Calibration of magnetic instruments shall conform
to AWS A4.2.

(b) The weld deposit for magnetic delta ferrite deter-
mination shall be made in accordance with NE-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).

NE-2433.2 Acceptance Standards. The minimum ac-
ceptable delta ferrite shall be 5FN. The results of the
delta ferrite determination shall be included in the Certi-
fied Material Test Report of NE-2130 or NE-4120.

NE-2440 STORAGE AND HANDLING OF WELDING
MATERIAL

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

NE-2500 EXAMINATION AND REPAIR OF
PRESSURE-RETAINING MATERIAL

NE-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.

NE-2530 EXAMINATION AND REPAIR OF PLATE

NE-2531 Required Examination

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

NE-2537 Time of Examination

Acceptance examinations shall beperformedat the time
of manufacture as required in (a), (b), and (c) below.

Figure NE-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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(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.

NE-2538 Elimination of Surface Defects

Surface defects shall be removed by grinding or
machining provided the requirements of (a) and (b)
below are met:

(a) the depression, after defect elimination, is blended
uniformly into the surrounding surface;

(b) when the elimination of the defect reduces the
thickness of the section below the minimum required
byArticleNE-3000, thematerial shall be repaired in accor-
dance with NE-2539.

NE-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.

NE-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
(NE-4211.1).

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

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

NE-2539.4 Examination of Repair Welds. Each repair
weld shall be examined by the magnetic particle method
(NE-2545) or by the liquid penetrant method (NE-2546).
In addition, when the depth of the repair cavity exceeds
the lesserof 3∕8 in. (10mm)or10%of the section thickness,
the repair weld shall be radiographed in accordance with
and to the applicable acceptance standards of Article
NE-5000. The image quality indicator (IQI) shall be
based upon the section thickness of the repaired area.

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

NE-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.

NE-2540 EXAMINATION AND REPAIR OF
FORGINGS AND BARS

NE-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 NE-2545 or NE-2546 as applicable.

NE-2545 Magnetic Particle Examination

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

NE-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 NE-2545.3 accep-
tance standards which is believed to be nonrelevant
shall be reexamined by the same or other nondestructive
examination methods to verify whether or not actual
defects are present. Surface conditioning may precede
the reexamination. Nonrelevant indications which
would mask defects are unacceptable.

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

NE-2546 Liquid Penetrant Examinations

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

NE-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 NE-2546.3 accep-
tance standards which is believed to be nonrelevant
shall be reexamined to verify whether or not actual
defects are present. Surface conditioning may precede
the reexamination. Nonrelevant indications and broad
areas of pigmentation which would mask defects are un-
acceptable.

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

NE-2546.3 Acceptance Standards.

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

(b) Imperfections producing the following 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.

NE-2547 Time of Examination

The requirements for time of examination shall be the
same as stated in NE-2537.

NE-2548 Elimination of Surface Defects

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

NE-2549 Repair by Welding

The requirements for repair by welding shall be the
same as stated in NE-2539, except that the depth of
repair that is permitted is not limited.

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

NE-2551 Required Examination

(a) Wrought seamless tubular products and fittings
shall comply with the requirements of NE-2557,
NE-2558, and NE-2559 in addition to the basic material
specification.

(b) Welded (without filler metal) tubular products and
fittings shall comply with the requirements of NE-2557,
NE-2558, and NE-2559; in addition, the welds shall be
examined by one of the following methods:

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

(2) eddy current examination in accordance with
NE-2554;

(3) radiographic examination in accordance with
NE-2553.
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NE-2552 Ultrasonic Examination8

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

(a) Circumferential Direction 63⁄4 in. (171 mm) O.D. and
Smaller. Thewelds in pipe and tubing shall be examined in
two circumferential directions. The procedure for ultra-
sonic examination of pipe and tubing in the circumferen-
tial directions shall be in accordance with SE-213,
Standard Method for Ultrasonic Testing of Pipe and
Tubing for Longitudinal Discontinuities, and the require-
ments of this paragraph. The procedure 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 NE-2552.3.

(b) Pipe and Tubing Larger Than 6 3⁄4 in. (171 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.
(171 mm) O.D. shall be in accordance 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
NE-2552.3.

(c) Acceptance Standards. Products with defects that
produce indications in excess of the indications produced
by the standard defects in the reference specimen are un-
acceptable unless the defects are eliminated or repaired in
accordance with NE-2558 or NE-2559.

NE-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.

NE-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 theoutside and inside surfacesof the reference
specimen and shall have a length of approximately 1 in.
(25mm)or less, awidthnot toexceed1∕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.

NE-2552.4 Checking and Calibration of Equipment.
The proper functioning of the examination equipment
shall be checked and the equipment shall be calibrated
by the use of the reference specimens, as a minimum:

(a) at the beginning of each production run of a given
size and thickness of a given material;

(b) after each 4 hr or less during the production run;
(c) at the end of the production run;
(d) at any time that malfunctioning is suspected.
If, during any check, it is determined that the testing

equipment is not functioning properly, all of the
product thathasbeen testedsince the last valid equipment
calibration shall be reexamined.

NE-2553 Radiographic Examination

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

(b) Examination Procedure. The radiographic examina-
tion shall be performed in accordance with Section V,
Article 2, as modified by NE-5111.

(c) Acceptance Standard. Welds that are shown by
radiography to have any of the following types of discon-
tinuities are unacceptable:

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

(2) anyotherelongated indicationwhichhasa length
greater than:

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

(-b) 1∕3t for t from 3∕4 in. (19 mm) to 11∕4 in.
(32 mm), inclusive

(-c) 3∕4 in. (19 mm) for t over 11∕4 in. (32 mm)
where t is the thickness of the thinner portion of theweld;

(3) any group of aligned indications having an aggre-
gate length greater than t in a length of 12t, unless the
minimum distance between successive indications
exceeds 6L, in which case the aggregate length is unlim-
ited, L being the length of the largest indication;

(4) rounded indications in excess of that shown as
acceptable in Section III Appendices,MandatoryAppendix
VI.

ASME BPVC.III.1.NE-2021

26



NE-2554 Eddy Current Examination

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

NE-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 NE-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 NE-2558 or NE-2559 as ap-
plicable.

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

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

NE-2557 Time of Examination

(a) Products that are quenched and tempered shall be
examined, as required, after the quenching and tempering
heat treatment.

(b) Products that are not quenched and tempered shall
receive the required examinations as follows:

(1) Ultrasonic or eddy current examination, when
required, shall be performed after final heat treatment,
except postweld heat treatment.

(2) Radiographic examination, when required, may
be performed prior to any required postweld heat treat-
ment.

(3) Magnetic particle or liquid penetrant examina-
tion 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.

(4) Forgings and rolled bars which are to be bored
and/or turned to form tubular parts or fittings shall be
examined after boring and/or turning, except for
threading. Fittings shall be examined after final forming.

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

NE-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) after defect elimination, the area is examined by 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 elimination of thedefect reduces the thickness
of the section below the minimum required to satisfy the
rules of Article NE-3000, the product shall be repaired in
accordance with NE-2559.

NE-2559 Repair by Welding

Repair of defects shall be in accordance with NE-2539.

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

NE-2561 Required Examination

(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 a Certification Mark with NPT Designator shall be
in accordance with Section III requirements. In addition
to theCertificationMarkwithNPTDesignator, anumeral 2
shall be stamped below and outside the official Certifica-
tion Mark.

(b) In addition to the requirements of the material
specification and of this Article, all welds shall be exam-
ined 100% by radiography in accordance with the basic
material specification. When radiographic examination is
not specified in the basic material specification, the welds
shall be examined in accordance with NE-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 radiographs locations shall be
provided with the Certified Material Test Report.

(d) The Authorized Inspector shall certify by signing
the Partial Data Report Form NM‐1 in accordance with
NCA‐5290.
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NE-2563 Radiographic Examination

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

NE-2567 Time of Examination

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

NE-2568 Elimination of Surface Defects

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

NE-2569 Repair by Welding

When permitted by the basic material specification,
basematerial defects shall be repairwelded in accordance
with the requirements ofNE-2559.Repairwelding ofweld
seam defects shall be in accordance with NE-4450.

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

In addition to the requirements of the material speci-
ficationsandof thisArticle, statically andcentrifugally cast
products shall comply with the following subparagraphs.

NE-2571 Required Examination

Cast products shall be examined by the radiographic
method, except cast ferritic steels, which shall be exam-
ined by either the radiographic or the ultrasonic method,
or a combination of both methods as required for the
product form by Table NE-2571-1.

NE-2572 Time of Nondestructive Examination

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

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

(b) Radiographic Examination. Radiography may be
performed prior to heat treatment andmay be performed
prior to or after finish machining at the following limiting
thicknesses.

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

(2) For finished thicknesses from 21∕2 in. (64mm) up
to 6 in. (150 mm), castings shall be radiographed within
20% of the finished thickness. The IQI and the acceptance
reference radiographs shall bebasedon the finished thick-
ness.

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

(c) 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 the magnetic
particle or the liquid penetrant method.

NE-2573 Provisions for Repair of Base Material by
Welding

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

NE-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.

NE-2573.2 Repair by Welding. The Material Organiza-
tion may repair castings by welding after removing the
material containing unacceptable defects. The depth of
the repair is not limited. A cored hole or access hole
may be closed by the Material Organization by welding
in accordance with the requirements of this paragraph

Table NE-2571-1
Required Examinations

Nominal Pipe Size Item Applicable Special Requirements for Class MC Castings
… … Cast material shall be examined by either the radiographic or the

ultrasonic method, or a combination of the two methods. Castings or
sections of castingswhich have coarse grains or configurationswhich
do not yield meaningful results by ultrasonic examination shall be
examined by the radiographic method.
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provided thehole is closedby fillermetal only. If thehole is
closed by welding in a metal insert, the welding shall be
performed by a holder of a Certificate of Authorization in
accordance with the requirements of the Code.

NE-2573.3 Qualification of Welding Procedures and
Welders. Each manufacturer is responsible for the
welding done by his organization and shall establish
the procedures and conduct the tests required by
Article NE-4000 and by Section IX of the Code in order
to qualify both the welding procedures and the perfor-
mance of welders and welding operators who apply
these procedures. He is also responsible for the
welding performed by his subcontractors and shall
assure himself that the subcontractors conduct the
tests required by Article NE-4000 and by Section IX of
the Code in order to qualify their welding procedures
and the performance of their welders and welding opera-
tors.

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

NE-2573.5 Examination of Repair Welds. Each repair
weld shall be examinedby themagnetic particlemethod in
accordance with the requirements of NE-2577 or by the
liquid penetrant method in accordance with the require-
ments of NE-2576. In addition,when radiography is speci-
fied in theorder for theoriginal casting, repair cavities, the
depth ofwhich exceeds the lesser of 3∕8 in. (10mm)or10%
of the section thickness, shall be radiographedafter repair,
except that weld slag, including elongated slag, shall be
considered as inclusions under Category B of the appli-
cable reference radiographs. The total area of all inclu-
sions, including slag inclusions, shall not exceed the
limits of the applicable severity level of Category B of
the reference radiographs. The penetrameter and the
acceptance standards for radiographic examination of
repairwelds shall be based on the actual section thickness
at the repair area.

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

NE-2573.7 Elimination of Surface Defects. Surface
defects shall be removed by grinding or machining
provided the requirements of (a) through (c) below
are met:

(a) the depression, after defect elimination, is blended
uniformly into the surrounding surface;

(b) after defect elimination, the area is reexamined by
themagnetic particlemethod in accordancewithNE-2577
or the liquid penetrant method in accordance with
NE-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 NE-2539.

NE-2573.8 Material Report Describing Defects and
Repairs. Each defect repair exceeding in depth the
lesser of 3∕4 in. (19 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 radiographic film, when radio-
graphy is specified in the order for the original casting.

NE-2574 Ultrasonic Examination of Ferritic Steel
Castings

Ultrasonic examination shall be performed in accor-
dance with Section V, Article 5, T-571.4. Each manufac-
turer shall certify that the procedure is in accordance
with the requirements of NE-2574 and shall make the
procedure available for approval upon request.

NE-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 the Ultrasonic Quality Levels in SA-609 refer to the

surface area on the casting over which a continuous indication
exceeding the transfer corrected distance amplitude curve is
maintained.

(2) Areas are to be measured from dimensions of the movement of
the searchunit, using the centerof the searchunit as the reference
point.
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NOTES: (Cont’d)
(3) In certain castings, because of very long metal path distances or

curvature of the examination surfaces, the surface area over
which a given discontinuity is detected may be considerably
larger or smaller than the actual area of the discontinuity in
the casting, in such cases, other criteria which incorporate a
consideration of beam angles or beam spread must be used
for realistic evaluation of the discontinuity.

(2) Quality Level 1 shall apply for the volume of cast-
ings within 1 in. (25 mm) of the surface regardless of the
overall thickness.

(3) Discontinuities indicated to have a change in
depth equal to or greater than one‐half the wall thickness
or 1 in. (25 mm) (whichever is less) 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 cannotbeencom-
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 Quality Level 3 for thicknesses greater than 4 in. (100
mm), separated by a distance less than the longest dimen-
sion of the larger of the adjacent indications, are unaccept-
able if they cannot be encompassed in an area less than
that of the Quality Level requirements stated in (a) above.

NE-2575 Radiographic Examination

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

NE-2575.2 Extent. Radiographic examination shall be
performed on pressure-retaining castings used in the
construction of Class MC vessels. The extent of radio-
graphic 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 exem-
plified in Figure NE-2575.2-1.

NE-2575.3 Examination Requirements. Radiographic
examination shall be performed in accordance with
Section V, Article 2, Mandatory Appendix VII, Radio-
graphic Examination of Metallic Castings, with the
following modifications:

(a) Thegeometricunsharpness limitationsof SectionV,
Article 2, T-274.2 need not be met.

(b) The examination procedure or report shall also
address the following:

(1) type and thickness of filters, if used
(2) formultiple film technique,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 NE-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.

Figure NE-2575.2-1
Typical Pressure-Retaining Parts of Vessels ð21Þ

GENERAL NOTES:
(a) Radiographic examination areas shall be indicated by a circle at

each change of direction. The examination symbol for radio-
graphy 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 sketch is typical and is to be used as a guide for minimum
required coverage for other configurations.
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NE-2575.6 Acceptance Criteria. Castings shall meet
the acceptance requirements of Severity Level 2
of ASTM E446, Reference Radiographs for Steel Castings
up to 2 in. (50 mm) in Thickness; ASTM E186, Reference
Radiographs for Heavy‐Walled [2 in. to 41∕2 in. (50 mm to
114mm)] Steel Castings; or ASTME280, Reference Radio-
graphs for Heavy‐Walled [41∕2 in. to 12 in. (114 mm to
300 mm)] Steel Castings; as applicable for the thickness
being radiographed, except that Category D, E, F, or G
defects are not acceptable. The requirements of ASTM
E280shall apply for castingsover12 in. (300mm) in thick-
ness.

NE-2576 Liquid Penetrant Examination

(a) Castings shall be examined, if required, on all acces-
sible surfaces by the liquid penetrant method in accor-
dance with Section V of the Code.

(b) Evaluation of Indications. All indications shall be
evaluated in terms of the acceptance standards. Mechan-
ical discontinuities intersecting the surface are indicated
by bleeding out of the penetrant; however, localized
surface discontinuities as may occur from machining
marks, scale, or dents may produce indications which
arenot relevant. Any indication in excessof 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. (3 mm) for thicknesses
5∕8 in. (16 mm) and greater;

(3) fourormore indications in a line separatedby 1∕16
in. (1.5 mm) or less edge to edge;

(4) ten ormore indications in any 6 in.2 (4 000mm2)
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.

NE-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 standard 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
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 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.

NE-2580 EXAMINATION OF BOLTS, STUDS, AND
NUTS

NE-2581 Requirements

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

NE-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
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accordance with the Material Organization’s Quality
System Program or the Certificate Holder’s Quality Assur-
ance Program. These examinations are not required to be
performed either in accordancewith procedures qualified
to NE-5100 or by personnel qualified in accordance with
NE-5500.

NE-2600 MATERIAL ORGANIZATIONS’
QUALITY SYSTEM PROGRAMS

NE-2610 DOCUMENTATION AND MAINTENANCE
OF QUALITY SYSTEM PROGRAMS

(a) Except as provided in (b) below, Material Organi-
zations shall have a Quality System Programwhich meets
the requirements of NCA‐3800.

(b) The requirements of NCA‐3862 shall be met as
required by NE-2130. The other requirements of
NCA-3800 and NCA-4200 need not be used by Material
Organizations for small products, as defined in (c)
below, and for material which is allowed by this Subsec-

tion to be furnished with a Certificate of Compliance. For
these products, the Certificate Holder’s Quality Assurance
Program (NCA-4100) shall include measures to provide
assurance that the material is furnished in accordance
with the material specification and with the applicable
special requirements of this Subsection.

(c) For the purpose of this paragraph, small products
are defined as given in (1) through (3) below:

(1) pipe, tube, pipe fittings, and flanges NPS 2
(DN 50) and less;

(2) boltingmaterials, including studs, nuts, and bolts
of 1 in. (25 mm) nominal diameter and less;

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

NE-2700 DIMENSIONAL STANDARDS

NE-2710 STANDARDS AND SPECIFICATIONS

Dimensions of standard items shall comply with the
standards and specifications listed in Table NCA‐7100‐1.
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ARTICLE NE-3000
DESIGN

NE-3100 GENERAL DESIGN

NE-3110 LOADING CRITERIA

NE-3111 Loading Conditions

The loadings that shall be taken into account in
designing a vessel shall include, but are not limited to,
those in (a) through (i) below

(a) internal and external pressure
(b) impact loads, including rapidly fluctuatingpressure
(c) weight of the vessel and normal contents under all

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, and vibration loads where
specified

(f) reactions of supporting lugs, rings, saddles, or other
types of supports

(g) temperature effects
(h) reactions to steam and water jet impingement
(i) earthquake loads

NE-3112 Design Loadings

The containment vessel or portions thereof may be
exposed to more than one pressure, temperature, and
mechanical loadconditionasprovided in theDesignSpeci-
fications. The specified design parameters for Design
Loadingsshall becalledDesignPressure,DesignTempera-
ture, andDesignMechanical Loads. These specified design
parameters shall be used in computations to showcompli-
ance with the requirements on Design Loadings in
NE-3220.

NE-3112.1 Design Pressure. The design internal pres-
sure shall not be less than 100% of themaximum contain-
ment internal pressure under conditions for which the
containment function is required. The design external
pressure shall not be less than 100% of the maximum
containment external pressure. Stability of the vessel
shell may be provided by structures bearing directly
against the shell or by structural attachments.

NE-3112.2 Design Temperature.

(a) The Design Temperature shall not be less than the
maximum containment temperature at the coincident
maximum containment pressure. The Design Tempera-
ture shall be used in all computations involving Design
Pressure and coincidental Design Mechanical Loads.

(b) Whereavessel isheatedbyexternal or internalheat
generation, the effect of suchheating shall be incorporated
in the establishment of the vessel Design Temperature.

NE-3112.3 Design Mechanical Loads. The values of
dead loads and any hydrostatic loads coincident with
Design Pressure shall be designated as DesignMechanical
Loads. These mechanical loads shall be used in all compu-
tations involving Design Pressure and Design Tempera-
ture.

NE-3112.4 Allowable Stress Intensity and Stress
Values.

(a) Allowable stress intensity values, Sm and Smc, shall
be defined as follows:

(1) Sm is the value given in Section II, Part D, Subpart
1, Tables 2A and 2B for materials other than bolting and
Table 4 for bolting.

(2) Smc is 1.1 times the value given in Section II, Part
D, Subpart 1, Tables 1A and1B, except Smc shall not exceed
90%of thematerial’s yield strengthat temperature shown
in Section II, Part D, Subpart 1, Table Y-1.

(b) Allowable stress values, S, for materials other than
bolting shall be 1.1 times the value given in Section II, Part
D, Subpart 1, Tables 1A and 1B, except S shall not exceed
90%of thematerial’s yield strengthat temperature shown
in Section II, Part D, Subpart 1, Table Y-1. For bolting, S is
1.1 times the value given in Section II, Part D, Subpart 1,
Table 3.

(c) The materials shall not be used at metal and design
temperatures that exceed the temperature limit estab-
lished in the allowable stress or stress intensity tables.
The values in the tables may be interpolated for inter-
mediate temperatures.

(d) Thebasis for establishing allowable stress intensity
and stress values is given in Section III Appendices, Man-
datory Appendix III.
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NE-3113ð21Þ Service Limits

Each Service Loading to which the component may be
subjected shall be categorized in accordance with the
following definitions and shall be described in the
Design Specifications (NCA-3211.19) in such detail as
will provide a complete basis for construction in accor-
dance with these rules. The Service Limit categories
shall be as defined in the next four subparagraphs.

NE-3113.1 Level A Service Limits. Level A Service
Limits apply to all sustained loads in combination with
the plant or system design basis accident loads for
which the containment function is required. Other
loads, either separately or in combination with the
above loads, may also be considered under this service
limit.

NE-3113.2 Level B Service Limits. This service limit
applies to those applicable loads subject to Level A
Service Limits in combination with loads due to
natural phenomena for which the plant must remain
operational. Other loads, either separately or in combina-
tion with the above loads, may also be considered under
this service limit.

NE-3113.3 Level C Service Limits. This service limit
applies to those applicable loads subject to Level A
and B Service Limits in combination with loads due to
natural phenomena for which safe shutdown of the
plant is required. Other loads, either separately or in
combinationwith the above loads,may also be considered
under this service limit.

NE-3113.4 Level D Service Limits. This service limit
applies to those loads subject to other service limits in
combination with loadings of a local dynamic nature,
such as jet impingement, pipe whip, and pipe reaction
loads resulting from a postulated pipe rupture, for
which the containment function is required.

NE-3113.5 ServiceLimits.TheServiceLimits fordesign
by analysis are specified in NE-3200. The Service Limits
for design by equation are specified in NE-3300.

NE-3114 Testing Conditions

Testing conditions are those tests in addition to the ten
hydrostatic or pneumatic tests permitted byNE-6222 and
NE-6322, including leak tests or subsequent hydrostatic
or pneumatic tests.

NE-3120 SPECIAL CONSIDERATIONS

NE-3121 Corrosion

Material subject to thinning by corrosion, erosion,
mechanical abrasion, or other environmental effects
shall have provision made in the Design Specifications
for these effects by indicating the increase in the thickness
of thebasemetal over that determinedby thedesign equa-

tions (NE-2160). 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 indi-
cated for thevariousareas. It shouldbenoted that the tests
onwhich thedesign fatiguecurves (Section IIIAppendices,
Mandatory Appendix I) are based did not include tests in
the presence of corrosive environments which might
accelerate fatigue failure.

NE-3122 Cladding

The rules of this paragraph apply to the design and
analysis of clad components constructed of material
permitted under this Subsection. When corrosion or
erosion of the cladding material is expected, the cladding
thickness shall be increased by an amount that in the judg-
ment of the Owner will provide the desired service life.

NE-3122.1 Primary Stresses. When stress analysis is
required, no structural strength shall be attributed to
the cladding in satisfying NE-3221.

NE-3122.2 Design Dimensions. The dimensions given
in (a) and (b) below shall be used in the design of the
component.

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

(b) For components subjected to external pressure, the
outsidediameter shall be takenat theouter faceof thebase
metal.

NE-3122.3 Bearing Stresses. In satisfying NE-3227.1,
the presence of cladding shall be included.

NE-3122.4 Maximum Allowable Stress Values.

(a) Integrally CladPlateWithout Credit for Full Cladding
Thickness. Except as permitted in (b) below, design calcu-
lations shall be based on the total thickness of the clad
plates less the specified nominal minimum thickness of
cladding. A reasonable excess thickness either of the
actual claddingor of the same thickness of corrosion resis-
tantweldmetalmay be included in the design calculations
as an equal thickness of base plate. The maximum allow-
able stress value shall be that given for the base plate
material as defined in NE-3112.4(b).

(b) Integrally Clad PlateWith Credit for Cladding Thick-
ness.When clad plate conforms to one of the specifications
listed in NE-2127(a) and the joints are completed by
depositing corrosion resisting weld metal over the
weld in the base plate to restore the cladding, the
design calculations may be based on a thickness equal
to the nominal thickness of the base plate plus Sc/Sb
times the nominal thickness of the cladding after any
allowance provided for corrosion has been deducted,
where
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Sb = maximum allowable stress value for the base plate
at the Design Temperature, psi (MPa)

Sc = maximumallowable stress value for the cladding at
the Design Temperature, psi (MPa)

When Sc is greater than Sb, the multiplier Sc/Sb shall be
taken equal to unity. Themaximumallowable stress value
shall be that given for the base platematerial as defined in
NE-3112.4(b).

NE-3122.5 Maximum Allowable Temperature.

(a) When the design calculations are based on the
thickness of base plate exclusive of cladding thickness,
the maximum service metal temperature of the vessel
shall be that allowed for the base plate material.

(b) When the design calculations are based on the full
thickness of clad plate as permitted in NE-3122.4(b), the
maximum servicemetal temperature shall be the lower of
the values allowed for thebaseplatematerial and the clad-
ding material.

NE-3123 Welds Between Dissimilar Metals

In satisfying the requirements of this subarticle, caution
should be exercised in design and construction involving
dissimilar metals having different coefficients of thermal
expansion.

NE-3125 Configuration

Accessibility topermit theexaminations requiredby the
Edition and Addenda of Section XI as specified in the
Design Specification for the component shall be provided
in the design of the component.

NE-3130 GENERAL DESIGN RULES

NE-3131 General Requirements

(a) The containment vessel design shall be such that
the rules of NE-3200 are satisfied. However, in the
absence of substantial mechanical or thermal loads
other than pressure, the rules of NE-3300 may be used
in lieu of the rules of NE-3200 for those configurations
whichare explicitly treated inNE-3300. For this provision,
substantial loads are defined as those that cumulatively
result in stresses that exceed 10% of the primary stresses
induced by the Design Pressure, such stresses being
defined as maximum principal stresses.

(b) For vessels, or portions thereof, designed to the
rules of NE-3200, the provisions of NE-3133 may be
used, if applicable, in lieu of the rules of NE-3222. For
those portions designed to the rules of NE-3300, the re-
quirements of NE-3133 shall be met.

NE-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.

NE-3133 Components Under External Loading

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

NE-3133.2 Nomenclature. The symbols used in this
paragraph are defined as follows:

A = factor determined from Section II, Part D, Subpart
3, Figure G and used to enter the applicable mate-
rial chart in Section II, Part D, Subpart 3. For the
case of cylinders having Do/T values less than 10,
see NE-3133.3(b). Also, factor determined from
the applicable chart in Section II, Part D,
Subpart 3 for the material used in a stiffening
ring, corresponding to the factor B and the
design metal temperature for the shell under
consideration.

As = cross‐sectional area of a stiffening ring
B = factor determined from the applicable chart in

Section II, Part D, Subpart 3 for the material
used in a shell or stiffening ring at the design
metal temperature, psi (MPa)

Do = outside diameter of the cylindrical shell course or
tube under consideration

E = modulus of elasticity of material at Design
Temperature, psi (MPa). For external pressure
and axial compression design in accordance
with this section, the modulus of elasticity to be
used shall be taken from the applicable materials
chart in Section II, Part D, Subpart 3. (Interpolation
may be made between lines for intermediate
temperatures.) The modulus of elasticity values
shown in Section II, Part D, Subpart 3 for material
groups may differ from those values listed in
Section II, Part D, Subpart 2, Table TM for specific
materials. Section II, Part D, Subpart 3 values shall
be applied only to external pressure and axial
compression design.

I = available moment of inertia of the stiffening ring
about itsneutral axis, parallel to theaxisof the shell
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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
considered as contributing area 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

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

L = total length of a tube between tubesheets, or the
design length of a vessel section, taken as the
largest of the following:

(a) the distance between head tangent lines
plus one‐third of the depth of each head if
there are no stiffening rings

(b) the greatest center‐to‐center distance
between any two adjacent stiffening rings, or

(c) the distance from the center of the first stif-
fening ring to the head tangent line plus one‐third
of the depth of the head, all measured parallel to
the axis of the vessel

Ls = one‐half 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 stif-
fening ring, both measured parallel to the axis of
the component. A line of support is:

(a) a stiffening ring that meets the require-
ments of this paragraph

(b) a circumferential line on a head at one‐third
thedepth of the head from thehead tangent line, or

(c) a circumferential connection to a jacket for a
jacketed section of a cylindrical shell

P = external design pressure, psi (MPa) (gage or abso-
lute, as required)

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

R = inside radius of spherical shell
S′ = the lesser of 1.82 times the allowable stress at

design metal temperature as def ined in
NE-3112.4(b) 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, or spherical shell

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

NE-3133.3 Cylindrical Shells. The thickness of a cylin-
drical shell under external pressure shall be determined
by the procedure given in (a) or (b) below.

(a) Cylinders having Do/T values ≥ 10:
Step 1. Assume a value forT and determine the ratios

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

the value of L/Do determined in Step 1. For values of L/Do
greater than 50, enter the chart at a value of L/Do = 50. For
values of L/Do less than 0.05, enter the chart at a value of
L/Do of 0.05.

Step 3. Move horizontally to the line for the value of
Do/T determined in Step 1. Interpolationmay bemade for
intermediate values of Do/T. From this point of intersec-
tion, move vertically downward to determine the value of
factor A.

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

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

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 by 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 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:
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Step3. Calculate a valuePa2using the followingequa-
tion:
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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.

NE-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 forT and calculate thevalueof
factor A using the following equation:

=A
R T
0.125

( )

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

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

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) The nomenclature defined below is used in the
equations of (c) through (e) below.

Do = outside diameter of the head skirt or the outside
diameter of a cone head at the point under consid-
eration, measured perpendicular to the longitudi-
nal axis of the cone, in. (mm)

K1 = a factor depending on the ellipsoidal head propor-
tions, given in Table NE-3332.2-1

R = for hemispherical heads, the inside radius in the
corroded condition, in. (mm)

x = for ellipsoidal heads, the equivalent inside spher-
ical radius taken asK1Do in the corroded condition,
in. (mm)

x = for torispherical heads, the inside radius of the
crown portion of the head in the corroded condi-
tion, in. (mm)

T = minimum required thickness of head after
forming, exclusive of corrosion allowance, in.
(mm)

(c) Hemispherical Heads. The required thickness of a
hemispherical head having pressure on the convex side
shall be determined in the same manner as outlined in
(a) above for determining the thickness for a spherical
shell.

(d) EllipsoidalHeads. The required thicknessof anellip-
soidal head having pressure on the convex side, either
seamless or of built‐up construction with butt joints,
shall not be less than that determined by the following
procedure:

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

=A
R T
0.125

( )

Step2. Using thevalueofA calculated inStep1, follow
the same procedure as that given for spherical shells in
(a)Step 2 through (a)Step 6.

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

NE-3133.5 Stiffening Rings for Cylindrical Shells.

(a) The requiredmoment of inertia of a circumferential
stiffening ring shall not be less than that determined by
one of the following two equations:
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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
the stiffener shall be shortened by one‐half of each
overlap.

(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:

=
+

i
k
jjjjj

y
{
zzzzzB

PD
T A L

3 4 o

n s s

Step 2. Enter the right side of the applicable material
chart in Section II, Part D, Subpart 3 for thematerial 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 the Design 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 the equations for Is or Is′ above.

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 NE-4437.

NE-3133.6 Cylinders Under Axial Compression. The
maximum allowable compressive stress to be used in
the design of cylindrical shells and tubular products
subjected to loadings that produce longitudinal compres-
sive stresses in the shell shall be the smaller of the
following values:

(a) the S value for the applicable material at Design
Temperature as defined in NE-3112.4(b).

(b) the value ofB determined from the applicable chart
in Section II, Part D, Subpart 3, using the following defini-
tions for the symbols on the charts:

R = the inside radius of the cyclindrical shell or tubular
product, in. (mm)

T = minimum required thickness of the shell or tubular
product, exclusive of the corrosion allowance, in.
(mm)

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

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

=A
R T
0.125

( )

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

Step 3. From the intersection obtained in Step 2,
move horizontally to the right and read the value of
factor B. This is the maximum allowable compressive
stress for the values of T and R used in Step 1.

Step 4. For values of A falling to the left of the appli-
cable material/temperature line, the value of B shall be
calculated using the following equation:

=B
AE
2

Step 5. Compare the value of B determined in Step 3
or Step 4 with the computed longitudinal compressive
stress in the cylindrical shell 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
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compressive stress computed for the loading on the cy-
lindrical shell or tube.

NE-3133.7 Conical Heads. The required thickness of a
conical head under pressure on the convex side shall not
be less than that determined by (a), (b), and (c) below.

(a) 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 cylindrical shell, the length of which equals the axial
length of the cone or the axial distance center‐to‐
center of stiffening rings, if used, and the outside diameter
ofwhich is equal to theoutsidediameter at the large endof
the cone or section between stiffening rings.

(b) When one‐half of the included apex angle of the
cone is greater than 221∕2 deg and not more than 60
deg, 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 perpendicular 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.

(c) Whenone‐half of the includedapexangleof thecone
is greater than60deg, the thicknessof the coneshall be the
same as the required thickness for a flat head under
external pressure, the diameter of which equals the
largest inside diameter of the cone (NE-3325).

NE-3134 Material Properties

Values for intermediate temperatures may be found by
interpolation.

NE-3134.1 Yield Strength Values. The values of yield
strength Sy shall be those given in Section II, Part D,
Subpart 1, Table Y‐1.

NE-3134.2 Ultimate Tensile Strength Values. The
values of ultimate tensile strength shall be those given
in Section II, Part D, Subpart 1, Table U.

NE-3134.3 Coefficients of Thermal Conductivity and
Thermal Diffusivity. The values shall be those given in
Section II, Part D, Subpart 2, Table TCD.

NE-3134.4 Coefficients of Thermal Expansion. The
values of thermal expansion coefficients shall be those
given in Section II, Part D, Subpart 2, Table TE.

NE-3134.5 Modulus of Elasticity Values. The values of
modulus of elasticity shall be those given in Section II, Part
D, Subpart 2, Table TM.

NE-3134.6 Allowable Stress Intensity and Stress
Values. The allowable stress intensity values, Sm and
Smc, and allowable stress value, S, shall be as defined
in NE-3112.4.

NE-3135 Attachments

(a) Except as in (c) and (d) below, attachments and
connecting welds within the jurisdictional boundary of
the containment vessel as defined in NE-1130 shall
meet the stress limits of NE-3200 or NE-3300.

(b) The design of the containment vessel shall include
consideration of the interaction effects and loads trans-
mitted through the attachment to and from the pres-
sure-retaining portion of the vessel. Thermal stresses,
stress concentrations, and restraint of the pressure-
retaining portion of the vessel shall be considered.

(c) Beyond 2t from the pressure-retaining portion of
the containment vessel, where t is the nominal thickness
of the pressure-retainingmaterial, the appropriate design
rulesofArticleNF‐3000maybeusedasa substitute for the
design rules of Article NE-3000 for portions of attach-
ments which are in the vessel support load path.

(d) Nonstructural attachments shall meet the require-
ments of NE-4435.

NE-3200 DESIGN BY ANALYSIS

NE-3210 DESIGN CRITERIA

NE-3211 General Requirements for Acceptability

The requirements for the acceptability of a design by
analysis are given in (a) and (b) below.

(a) The design shall be such that stress intensities do
not exceed the applicable limits at temperature described
in this subarticle.

(b) In addition to the requirement in (a) above, the
buckling stress shall be considered in accordance with
NE-3222.

NE-3212 Basis for Determining Stresses

The theory of failure used in the rules of this Subsection
for combining stresses is the maximum shear stress
theory. The maximum shear stress at a point is equal
to one‐half the difference between the algebraically
largest and thealgebraically smallest of the threeprincipal
stresses at the point.

NE-3213 Terms Relating to Stress Analysis

Terms used in this Subsection relating to stress analysis
are defined in the following subparagraphs.

NE-3213.1 Stress Intensity. Stress intensity is defined
as twice themaximumshear stress,which is thedifference
between the algebraically largest principal stress and the
algebraically smallest principal stress at a given point.
Tensile stresses are considered positive and compressive
stresses are considered negative. This definition of stress
intensity is not related to the definition of stress intensity
applied in the field of Fracture Mechanics.
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NE-3213.2 GrossStructuralDiscontinuity.Gross struc-
tural discontinuity is ageometric ormaterial discontinuity
that affects the stress or strain distribution through the
entire wall thickness of the pressure-retaining member.
Gross‐discontinuity type stresses are those portions of the
actual stress distributions that produce net bending and
membrane force resultants when integrated through the
wall thickness. Examples of a gross structural disconti-
nuity are head‐to‐shell junctions, flange‐to‐shell junc-
tions, nozzles, and junctions between shells of different
diameters or thicknesses.

NE-3213.3 Local Structural Discontinuity. Local struc-
tural discontinuity is ageometric ormaterial discontinuity
that affects the stress or strain distribution through a frac-
tional part of the wall thickness. The stress distribution
associatedwitha local discontinuity causesonly very loca-
lized deformation or strain and has no significant effect on
the shell‐type discontinuity deformations. Examples are
small fillet radii, small attachments, and partial penetra-
tion welds.

NE-3213.4 Normal Stress.Normal stress is the compo-
nent of stress normal to the plane of reference. This is also
referred to as direct stress. Usually the distribution of
normal stress is not uniform through the thickness of
apart, so this stress is considered tohave twocomponents,
one uniformly distributed and equal to the average stress
across the thickness under consideration, and the other
varying from this average value across the thickness.

NE-3213.5 Shear Stress. Shear stress is the component
of stress tangent to the plane of reference.

NE-3213.6 Membrane Stress. Membrane stress is the
component of normal stress that is uniformly distributed
and equal to the average stress across the thickness of the
section under consideration.

NE-3213.7 Bending Stress. Bending stress is the
component of normal stress that varies across the thick-
ness. The variation may or may not be linear.

NE-3213.8 Primary Stress. Primary stress is any
normal stress or shear stress developed by an imposed
loading that is necessary to satisfy the laws of equilibrium
of external and internal forces and moments. The basic
characteristic of a primary stress is that it is not self‐
limiting. Primary stresses that considerably exceed the
yield strength will result in failure or, at least, in gross
distortion. Primary membrane stress is divided into
general and local categories. A general primarymembrane
stress is one that is so distributed in the structure that no
redistribution of load occurs as a result of yielding. Exam-
ples of primary stress are:

(a) general membrane stress in a circular cylindrical
shell or a spherical shell due to internal pressure or to
distributed loads;

(b) bending stress in the central portion of a flat head
due to pressure.
Refer to Table NE-3217-1 for examples of primary

stress.

NE-3213.9 Secondary Stress. Secondary stress is a
normal stress or a shear stress developed by the
constraint of adjacent material or by self‐constraint of
the structure. The basic characteristic of a secondary
stress is that it is self‐limiting. Local yielding and
minor distortions can satisfy the conditions that cause
the stress to occur, and failure from one application of
the stress is not to be expected. Examples of secondary
stress are:

(a) general thermal stress [NE-3213.13(a)];
(b) bending stress at a gross structural discontinuity.
Refer to Table NE-3217-1 for examples of secondary

stress.

NE-3213.10 Local Primary Membrane Stress. Cases
arise in which a membrane stress produced by pressure
or othermechanical loading and associatedwith a discon-
tinuity would, if not limited, produce excessive distortion
in the transfer of load to other portions of the structure.
Conservatism requires that such a stress be classified as a
local primary membrane stress even though it has some
characteristics of a secondary stress.
A stressedregionmaybeconsidered local if thedistance

over which the membrane stress intensity exceeds 1.1Smc
does not extend in the meridional direction more than

Rt1.0 , where R is the minimum midsurface radius of
curvature and t is the minimum thickness in the
region considered. Regions of local primary stress inten-
sity involving axisymmetric membrane stress distribu-
tions that exceed 1.1Smc shall not be closer in the
meridional direction than R t2.5 L L , where RL is
defined as (R1 + R2)/2 and tL is defined as (t1 + t2)/2
(where t1 and t2 are the minimum thicknesses at each
of the regions considered, and R1 and R2 are the
minimum midsurface radii of curvature at these
regions where the membrane stress intensity exceeds
1.1Smc). Discrete regions of local primary membrane
stress intensity, such as those resulting fromconcentrated
loads acting on brackets, where the membrane stress
intensity exceeds 1.1Smc, shall be spaced so that there
is no overlapping of the areas in which the membrane
stress intensity exceeds 1.1Smc. Examples of local
primary membrane stress include

(a) membrane stress in a shell produced locally by an
external load

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

(c) circumferential membrane stress at the intersec-
tionof a cylindrical shellwitha conical shell due to internal
pressure, as illustrated in Figure NE-3213.10-1
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Figure NE-3213.10-1
Example of Acceptable Local Primary Membrane Stress Due to Pressure
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Legend:
P = pressure
PL = primary local membrane stress intensity limit applies within local region
Pm = primary general membrane stress intensity limit applies outside the local region
R = minimum midsurface radius curvature

Smc = allowable stress intensity for the material at service temperature, see NE-3112.4
SImax = maximum stress intensity

t = minimum thickness in stressed region considered
V1 and V2 = meridional forces

NOTES:
(1) See NE-3221.2 for limits.
(2) See NE-3213.10 for limits.
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NE-3213.11 Peak Stress. Peak stress is that increment
of stress that is additive to the primary plus secondary
stresses by reason of local discontinuities or local
thermal stress [NE-3213.13(b)] including the effects, if
any, of stress concentrations. The basic characteristic
of a peak stress is that it does not cause any noticeable
distortion and is objectionable only as a possible source of
a fatigue crack or a brittle fracture. A stress that is not
highly localized falls into this category if it is of a type
that cannot cause noticeable distortion. Examples of
peak stress are:

(a) the thermal stress in the austenitic steel cladding of
a carbon steel part;

(b) certain thermal stresses that may cause fatigue but
not distortion;

(c) the stress at a local structural discontinuity;
(d) surface stresses produced by thermal shock.

NE-3213.12 Load-Controlled Stress. Load-controlled
stress is the stress resulting from application of a
loading, such as internal pressure, inertial loads, or
gravity, whose magnitude is not reduced as a result of
displacement.

NE-3213.13 Thermal Stress. Thermal stress is a self‐
balancing stress produced by a nonuniform distribution
of temperature or by differing thermal coefficients of
expansion. Thermal stress is developed in a solid body
whenever a volume of material is prevented from
assuming the size and shape that it normally would
under a change in temperature. For the purpose of estab-
lishing allowable stresses, two types of thermal stress are
recognized, depending on the volume or area in which
distortion takes place, as described in (a) and (b) below.

(a) General thermal stress is associatedwith distortion
of the structure in which it occurs. If a stress of this type,
neglecting stress concentrations, exceeds twice the yield
strength of the material, the elastic analysis may be
invalid, and successive thermal cyclesmay produce incre-
mental distortion. Therefore, this type is classified as
secondary stress in Table NE-3217-1. Examples of
general thermal stress are:

(1) stress produced by an axial temperature distri-
bution in a cylindrical shell;

(2) stress produced by the temperature difference
between a nozzle and the shell to which it is attached;

(3) the equivalent linear stress produced by the
radial temperature distribution in a cylindrical shell.
Equivalent linear stress is defined as the linear stress
distribution that has the same net bending moment as
the actual stress distribution.

(b) Local thermal stress is associated with almost
complete suppression of the differential expansion and
thus produces no significant distortion. Such stresses
shall be considered only from the fatigue standpoint
and are therefore classified as peak stresses in
Table NE-3217-1. In evaluating local thermal stresses,

the procedures of NE-3227.6(b) shall be used. Examples
of local thermal stress are:

(1) the stress in a small hot spot in a vessel wall;
(2) the difference between the actual stress and the

equivalent linear stress [(a)(3)] resulting from a radial
temperature distribution in a cylindrical shell;

(3) the thermal stress in a cladding material that has
a coefficient of expansion different from that of the base
metal.

NE-3213.14 Total Stress. Total stress is the sum of the
primary, secondary, and peak stress contributions. Recog-
nitionof eachof the individual contributions is essential to
establishment of appropriate stress limitations.

NE-3213.15 Service Cycle. Service cycle is defined as
the initiation and establishment of new conditions
followed by a return to the conditions that prevailed at
the beginning of the cycle. The types of service conditions
that may occur are further defined in NE-3113.

NE-3213.16 Stress Cycle. Stress cycle is a condition in
which the alternating stress difference (NE-3221.5) goes
from an initial value through an algebraicmaximum value
and an algebraic minimum value and then returns to the
initial value. A single service cycle may result in one or
more stress cycles. Dynamic effects shall also be consid-
ered as stress cycles.

NE-3213.17 Fatigue Strength Reduction Factor.
Fatigue strength reduction factor is a stress intensification
factor which accounts for the effect of a local structural
discontinuity (stress concentration) on the fatigue
strength. Values for some specific cases, based on experi-
ment, are given in NE-3338. In the absence of experi-
mental data, the theoretical stress concentration factor
may be used.

NE-3213.18 Shakedown.Shakedown is the absenceof a
continuingcycleofplasticdeformation.A structure shakes
down if, after a few cycles of load application, the defor-
mation stabilizes and subsequent structural response is
elastic, excluding creep effects.

NE-3213.19 Free EndDisplacement.Free enddisplace-
ment consists of the relative motions that would occur
between a fixed attachment and connected piping if
the twomembers were separated and permitted to move.

NE-3213.20 Expansion Stresses. Expansion stresses
are those stresses resulting from restraint of free end dis-
placement of the piping system.

NE-3213.21 Limit Analysis — Collapse Load. The
methods of limit analysis are used to compute the
maximum load or combination of loads a structure
made of ideally plastic (nonstrain‐hardening) material
can carry. The deformations of an ideally plastic structure
increase without bound at this load, which is termed the
collapse load. Among themethodsused in limit analysis isa
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technique which assumes elastic, perfectly plastic, mate-
rial behavior and a constant level of moment or force in
those redundant structural elements in which membrane
yield, plastic hinge, or critical buckling load has been
reached. Any increase in load must be accompanied by
a stable primary structure until a failure mechanism
defined by the lower bound theorem of limit analysis
is reached in the primary structure.

NE-3213.22 Collapse Load — Lower Bound. If, for a
given load, any system of stresses can be found which
everywhere satisfies equilibrium and nowhere exceeds
the material yield strength, the load is at or below the
collapse load. This is the lower bound theorem of limit
analysis which permits calculations of a lower bound
to the collapse load.

NE-3214 Stress Analysis

When required byNE-3130, a detailed stress analysis of
allmajor structural components shall be prepared in suffi-
cient detail to show that each of the stress limitations of
NE-3220 and NE-3230 is satisfied when the vessel is
subjected to the loadings of NE-3110. As an aid to the
evaluation of these stresses, equations and methods
for the solution of certain recurring problems have
been placed in Section III Appendices, Nonmandatory
Appendix A.

NE-3215 Derivation of Stress Intensities

One requirement for the acceptability of a design
(NE-3210) is that the calculated stress intensities shall
not exceed specified allowable limits. These limits
differ depending on the stress category (primary,
secondary, etc.) from which the stress intensity is
derived. This paragraph describes the procedure for
the calculation of the stress intensities which are
subject to the specified limits. The steps in the procedure
are stipulated in (a) through (e) below.

(a) At the point on the componentwhich is being inves-
tigated, choose an orthogonal set of coordinates such as
tangential, longitudinal, and radial, and designate themby
the subscripts t, l, and r. The stress components in these
directions are then designated σt, σl, and σr for direct
stresses and τlt, τlr, and τrt for shear stresses.

(b) Calculate the stress components for each type of
loading to which the part will be subjected and assign
each set of stress values to one or a group of the following
categories [see Table NE-3217-1 and Figure NE-3221-1,
Note (1)]:

(1) genera l pr imary membrane stress Pm
(NE-3213.8)

(2) local primary membrane stress PL (NE-3213.10)
(3) primary bending stress Pb (NE-3213.7 and

NE-3213.8)
(4) expansion stress Pe (NE-3213.20)

(c) For each category, calculate the algebraic sumof the
values of σt which result from the different types of load-
ings and similarly for the other five stress components.
Certain combinations of the categories must also be
considered.

(d) Translate the stress components for the t, l, and r
directions into principal stresses σ1, σ2, and σ3. In many
pressure component calculations, the t, l, and r directions
may be so chosen that the shear stress components are
zero and σ1, σ2, and σ3 are identical to σt, σl, and σr.

(e) Calculate the stressdifferencesS12,S23, andS31 from
the relations:

=S12 1 2

=S23 2 3

=S31 3 1

The stress intensity is the largest absolute value of S12,
S23, and S31.
NOTE: Membrane stress intensity is derived from the stress
components averaged across the thickness of the section.
The averaging shall be performed at the component level, in
(b) or (c) above.

NE-3216 Derivation of Stress Differences

If the specified operation of the component does not
meet the conditions of NE-3221.5(d), the ability of the
component to withstand the specified cyclic service
without fatigue failure shall be determined as provided
in NE-3221.5(e). The determination shall be made on
the basis of the stresses at the point of the component,
and the allowable stress cycles shall be adequate for
the specified service at every point. Only the stress differ-
ences due to cyclic Service Loadings as specified in the
Design Specifications need be considered.

NE-3216.1 Constant Principal Stress Direction. For
any case in which the directions of the principal stresses
at the point being considered do not change during the
cycle, the steps stipulated in (a), (b), and (c) below
shall be taken to determine the alternating stress inten-
sity.

(a) Principal Stresses. Consider the values of the three
principal stresses at thepoint versus time for the complete
stress cycle, taking into account both the gross and local
structural discontinuities and the thermal effects which
vary during the cycle. These are designated as σ1, σ2,
and σ3 for later identification.

(b) Stress Differences. Determine the stress differences
S12 = σ1 − σ2, S23 = σ2 − σ3, S31 = σ3 − σ1 versus time for the
complete cycle. In what follows, the symbol Sij is used to
represent any one of these three stress differences.
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(c) AlternatingStress Intensity. Determine theextremes
of the range through which each stress difference Sij fluc-
tuates and find the absolute magnitude of this range for
each Sij. Call this magnitude Srij and let Saltij = 0.5 Srij. The
alternating stress intensity Salt is the largest Saltij.

NE-3216.2 Varying Principal Stress Direction. For any
case inwhich the directions of the principal stresses at the
point being considered do change during the stress cycle,
it is necessary to use the more general procedure of (a)
through (e) below.

(a) Consider the values of the six stress components σt,
σl, σr, τlt, τlr, τrt versus time for the complete stress cycle,
taking into account both the gross and local structural
discontinuities and the thermal effects which vary
during the cycle.

(b) Choose a point in timewhen the conditions are one
of the extremes for the cycle (either maximum or
minimum, algebraically) and identify the stress compo-
nents at this time by the subscript i. In most cases it
will be possible to choose at least one time during the
cycle when the conditions are known to be extreme. In
some cases it may be necessary to try different points
in time to find the one which results in the largest
value of alternating stress intensity.

(c) Subtract each of the six stress components σti, σli,
etc., from the corresponding stress components σt, σl, etc.,
at each point in time during the cycle and call the resulting
components t , l , etc.

(d) At each point in time during the cycle, calculate the
principal stresses 1, 2, 3 derived from the six stress
components t , l , etc. Note that the directions of the prin-
cipal stresses may change during the cycle but each prin-
cipal stress retains its identity as it rotates.

(e) Determine the stress differences =S12 1 2,
=S23 2 3, =S31 3 1 versus time for the complete

cycle and find the largest absolutemagnitude of any stress
difference at any time. The alternating stress intensity Salt
is one‐half of this magnitude.

NE-3217 Classification of Stresses

Table NE-3217-1 provides assistance in the determina-
tion of the category to which a stress should be assigned.

NE-3220 STRESS INTENSITY AND BUCKLING
STRESS VALUES FOR OTHER THAN
BOLTS

NE-3221 Stress Intensity Values

(a) The stress intensity values formaterials of ClassMC
componentsareasestablished inNE-3112.4(a).Themate-
rials shall not be used at temperatures above those for
which stress intensity values are given. The values in
the tables may be interpolated for intermediate tempera-
tures.

(b) The stress intensity limits which must be satisfied
for the Design and Service Loadings stated in the Design
Specifications are the limits of this paragraph and the
Special Stress Limits of NE-3227. The provisions of
NE-3228 may provide relief from certain of these
stress limits if plastic analysis techniques are applied.
The stress intensity limits are summarized in Table
NE-3221-1 and Figures NE-3221-1, NE-3221-2,
NE-3221-3, and NE-3221-4.

NE-3221.1 General Primary Membrane Stress Inten-
sity. (Derived from Pm in Figures NE-3221-1 ,
NE-3221-2, NE-3221-3, and NE-3221-4.) This stress
intensity is derived from the average value across the
thickness of a section of the general primary stresses
(NE-3213.8), produced by pressure and other specified
mechanical loads but excluding all secondary and peak
stresses. Averaging is to be applied to the stress compo-
nents prior to determination of the stress intensity values.
The allowable Design Limit and the allowable for each of
the Service Limits is as given below.

(a) Design Limit and Level A and B Service Limits. Pm
shall not exceed 1.0Smc.

(b) Level C Service Limits
(1) Pm shall not exceed the greater of 1.2Smc or 1.0Sy

for regionsof thevesselwhichare integral andcontinuous.
(2) Pm shall not exceed 1.0Smc for regions of the

vessel that are not integral and continuous, such as
bolted flanges and mechanical joints.

(c) Level D Service Limits
(1) Pm shall not exceed the greater of the following

two values for regions of the containment which are inte-
gral and continuous.

(-a) 85% of the value permitted in Section III
Appendices, Mandatory Appendix XXVII. In the applica-
tion of the rules of Section III Appendices, Mandatory
Appendix XXVII, Sm, if applicable, shall be as specified
in NE-3112.4(a)(1).

(-b) The value established in (b)(1) for Service
Level C limits.

(2) Pm shall not exceed the greater of 1.2Smc or 1.0Sy
for regions of the vessel that are not integral and contin-
uous and at partial penetration welds.

NE-3221.2 Local Membrane Stress Intensity. (Derived
fromPL in FiguresNE-3221-1,NE-3221-2,NE-3221-3, and
NE-3221-4.) This stress intensity is derived from the
average value across the thickness of a section of the
local primary stresses (NE-3213.10) produced by pres-
sure and specified mechanical loads, but excluding all
secondary and peak stresses. Averaging is to be
applied to the stress components prior to determination
of the stress intensity values. The allowable value of this
stress intensity is 1.5 times the values given in NE-3221.1,
except that the 1.5 factor is not permitted for Level D
Service Limits when inelastic component analysis is
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Table NE-3217-1
Classification of Stress Intensity in Vessels for Some Typical Cases

Vessel Component Location Origin of Stress Type of Stress Classification
Cylindrical or spherical
shell

Shell plate remote from
discontinuities

Internal pressure General membrane Pm

Gradient through plate
thickness

Q

Axial thermal gradient Membrane Q
Bending Q

Junction with head or
flange

Internal pressure Membrane PL

Bending Q [Note (1)]
Any shell or head Any section across

entire vessel
External load or moment, or
internal pressure

General membrane
averaged across full
section

Pm

External load or moment Bending across full section Pm

Near nozzle or other
opening

External load or moment, or
internal pressure

Local membrane PL

Bending Q
Peak (fillet or corner) F

Any location Temperature difference
between shell and head

Membrane Q
Bending Q

Dished head or conical
head

Crown Internal pressure Membrane Pm

Bending Pb

Knuckle or junction to
shell

Internal pressure Membrane PL [Note (2)]
Bending Q

Flat head Center region Internal pressure Membrane Pm

Bending Pb

Junction to shell Internal pressure Membrane PL

Bending Q [Note (1)]
Perforated head or shell Typical ligament in a

uniform pattern
Pressure Membrane (through cross

section)
Pm

Bending (through width of
ligament, but gradient
through plate)

Pb

Peak F
Isolated or atypical
ligament

Pressure Membrane Q
Bending F
Peak F
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Table NE-3217-1
Classification of Stress Intensity in Vessels for Some Typical Cases (Cont’d)

Vessel Component Location Origin of Stress Type of Stress Classification
Nozzle (NE-3227.5) Within the limits of

reinforcement
defined by NE-3334

Pressure and external loads
and moments, including
those attributable to
restrained free end
displacements of
attached piping

General membrane Pm

Bending (other than gross
structural discontinuity
stresses) averaged
through nozzle thickness

Pm

Outside the limits of
reinforcement
defined by NE-3334

Pressure and external axial,
shear, and torsional loads
other than those
attributable to restrained
free end displacements of
the attached piping

General membrane stresses Pm

Pressure and external loads
and moments other than
those attributable to
restrained free end
displacements of the
attached piping

Membrane PL

Bending Pb

Pressure, and all external
loads and moments

Membrane PL

Bending Q
Peak F

Nozzle wall Gross structural
discontinuities

Local membrane PL

Bending Q
Peak F

Differential expansion Membrane Q
Bending Q
Peak F

Cladding Any Differential expansion Membrane F
Bending F

Any Any Radial temperature
distribution
[Note (3)]

Equivalent linear stress
[NE-3213.13(a)(3)]

Q

Nonlinear portion of stress
distribution

F

Any Stress concentration (notch
effect)

F

GENERAL NOTE: Q and F classifications of stresses refer to other than design condition (Figure NE-3221-2).

NOTES:
(1) If the bending moment at the edge is required to maintain the bending stress in the middle to within acceptable limits, the edge bending is

classified as Pb. Otherwise, it is classified as Q.
(2) Consideration must 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.
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used as permitted in Section III Appendices, Mandatory
Appendix XXVII.

NE-3221.3 Primary General or Local Membrane Plus
Primary Bending Stress Intensity. (Derived from
PL + Pb in Figures NE-3221-1, NE-3221-2, NE-3221-3,
and NE-3221-4.) This stress intensity is derived from
the highest value, across the thickness of a section, of
the general or local primary membrane stress plus
primary bending stresses produced by pressure and
other loads but excluding all secondary and peak stresses.
The allowable Design Limit and the allowable Service
Limits are as given in (a) through (d) below.

(a) Design Limit and Level A and B Service Limits. For
solid rectangular sections, 1.5 times the value given in
NE-3221.1.

(b) Level C Service Limits
(1) For solid rectangular sections where the struc-

ture is integral and continuous, 1.5 times the value
given in NE-3221.1.

(2) For solid rectangular sectionswhen the structure
is not integral and continuous, 1.5 times the value given in
NE-3221.1.

(c) Level D Service Limits
(1) When elastic analysis is used for solid rectan-

gular sections where the structure is integral and contin-
uous, 1.5 times the value given in NE-3221.1.

(2) When elastic analysis is used for solid rectan-
gular sections where the structure is not integral and
continuous, 1.5 times the value given in NE-3221.1.

(3) When inelastic component analysis is used, this
Service Limit shall be 85% of the value permitted in
Section III Appendices, Mandatory Appendix XXVII.

(d) For other than solid rectangular sections, a value of
α times the limit established in NE-3221.1 may be used,
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. In the evaluation of the initial yield and fully
plastic section capacities, the ratios of each individual
load in the respective load set to each other load in
that load set shall be the same as the respective ratios
of the individual loads in the specified design load set.
The value of α shall not exceed the value calculated for
bending only (Pm = 0). In no case shall the value of α
exceed 1.5. The propensity for buckling of the part of
the section that is in compression shall be investigated.
The α factor is not permitted for Level D Service
Limits when inelastic component analysis is used as
permitted in Section III Appendices, Mandatory Appendix
XXVII.

NE-3221.4 Primary Plus Secondary Stress Intensity.
This stress intensity is derived from the highest value,
at any point across the thickness of a section, of the
general or local primary membrane stresses, plus

primary bending stresses plus secondary stresses,
produced by the specified conditions. The allowable
value of the maximum range of this stress intensity is
3.0Sm for Level A and B Service Limits. Secondary stresses
need not be evaluated for Design Loadings or for Level C
and D Service Limits.
The concept of stress differences discussed in NE-3216

is essential to determination of themaximum range, since
algebraic signs must be retained in the computation. Note
that this limitation on range is applicable to the entire
history of service conditions, not just to the stresses
resulting from each individual service condition.

NE-3221.5 Analysis for Cyclic Operation.

(a) Suitability for Cyclic Condition. The suitability of a
vessel or part for specified Service Loadings involving
cyclic application of loads and thermal conditions shall
be determined by the methods described herein,
except that the suitability of high strength bolts shall
be determined by the methods of NE-3232.3(b) and
the possibility of thermal stress ratchet shall be investi-
gated in accordance with NE-3221.6. If the specified
Service Loadings for the component meet all of the re-
quirementsof (d), noanalysis for cyclic service is required,
and itmaybe assumed that the limits on peak stress inten-
sities as governed by fatigue have been satisfied by
compliance with the applicable requirements for mate-
rials, design, fabrication, examination, and testing
of this Subsection. If the specified Service Loadings do
not meet all the conditions of (d), a fatigue analysis
shall be made in accordance with (e) or a fatigue test
shall be made in accordance with Section III Appendices,
Mandatory Appendix II, II‐1200.

(b) Peak Stress Intensity. This stress intensity is derived
from the highest value at any point across the thickness of
a section of the combination of all primary, secondary, and
peak stresses producedby specified service pressures and
other mechanical loads, and by general and local thermal
effects associated with Service Conditions, and including
the effects of gross and local structural discontinuities.

(c) Conditions and Procedures. The conditions and
procedures of (e) are based on a comparison of peak
stress intensities with strain cycling fatigue data. The
strain cycling fatigue data are represented by design
fatigue strength curves of Section III Appendices, Manda-
tory Appendix I. These curves show the allowable ampli-
tude Saof the alternating stress intensity component (one‐
half of the alternating stress intensity range) plotted
against the number of cycles. This stress intensity ampli-
tude is calculated on the assumption of elastic behavior
and, hence, has the dimensions of stress, but it does not
represent a real stress when the elastic range is exceeded.
The fatigue curves are obtained from uniaxial strain
cycling data inwhich the imposed strains havebeenmulti-
plied by the elastic modulus and a designmargin has been
provided so as to make the calculated stress intensity
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Table NE-3221-1
Summary of Stress Intensity Limits

Loading Condition

Symbol

Design Stress
Intensity
Limit

Level A
Service Stress
Intensity
Limit

Level B Service Stress
Intensity Limit and
Level C Service Stress
Limit Where the
Structure Is Not
Integral and
Continuous

Level C Service Stress
Intensity Limit Where
the Structure Is Integral
and Continuous, and
Level D Service Stress

Limit Where the
Structure Is Not Integral
and Continuous, and at
Partial Penetration
Welds [Note (1)]

Level D Service
Stress Intensity
Limit Where the
Structure Is
Integral and
Continuous

(Elastic Analysis)
[Note (2)]

Level D Service
Stress Intensity
Limit Where the
Structure Is
Integral and
Continuous
(Inelastic
Analysis)
[Note (2)]

Pm 1.0Smc 1.0Smc 1.0Smc 1.2Smc or * 1.0Sy Sf Sf
PL 1.5Smc 1.5Smc 1.5Smc 1.8Smc or * 1.5Sy 1.5Sf Sf
PL + Pb
[Note (3)]

1.5Smc 1.5Smc 1.5Smc 1.8Smc or * 1.5Sy 1.5Sf Sf

PL + Pb + Q N/A [Note (4)] 3.0Sm 3.0Sm [Note (5)] N/A [Note (4)] N/A [Note (4)] N/A [Note (4)]
PL +Pb+Q+ F N/A [Note (4)] Sa Sa [Note (5)] N/A [Note (4)] N/A [Note (4)] N/A [Note (4)]

NOTES:
(1) Limits identified by (*) indicate a choice of the larger of two limits.
(2) Sf is 85% of the general primary membrane allowable permitted in Section III Appendices, Mandatory Appendix XXVII. In the application of

the rules of Section III Appendices, Mandatory Appendix XXVII, Sm, if applicable, shall be as specified in NE-3112.4(a)(1).
(3) Values shown are for a solid rectangular section. See NE-3221.3(d) for other than a solid rectangular section.
(4) N/A — No evaluation required.
(5) Evaluation not required for Level C Service.

ASME BPVC.III.1.NE-2021

48



Figure NE-3221-1
Stress Categories and Limits of Stress Intensity for Design Conditions

NOTES:
(1) The symbolsPm,PL, andPbdonot represent single quantities, but rather sets of six quantities representing the six stress componentsσt,σI,σr,

τIt, τIr, and τrt.
(2) Value shown is for a solid rectangular section. See NE-3221.3(d) for other than a solid rectangular section.

ASME BPVC.III.1.NE-2021

49



Figure NE-3221-2
Stress Categories and Limits of Stress Intensity for Level A and B Service Limits;
and for Level C Service Limits Where the Structure Is Not Integral and Continuous

NOTES:
(1) The symbolsPm,PL,Q, andFdonot represent single quantities, but sets of sixquantities representing the six stress componentsσt,σl,σr, τlt,τlr,

and τrt.
(2) When thesecondarystress is due toa temperature transient at thepointatwhich the stressesarebeinganalyzed, thevalueofSm shall be taken

as the average of the tabulated Sm values for the highest and the lowest temperatures of themetal during the transient.When part or all of the
secondary stress is due tomechanical load, thevalueofSm shall not exceed thevalue for thehighest temperatureofmetal during the transient.

(3) Special rules for exceeding 3Sm are provided in NE-3228.3.
(4) The stresses in categoryQare thoseparts of the total stress that areproducedby thermal gradients, structural discontinuities, and theydonot

include the primary stresses thatmay also exist at the samepoint. However, it should be noted that a detailed stress analysis frequently gives
the combinationofprimaryandsecondary stressesdirectly and,whenappropriate, the calculatedvalue represents the total ofPm+Pb+Qand
not Q alone. Similarly, if the stress in category F is produced by a stress concentration, the quantity F is the additional stress produced by the
notch over and above the nominal stress. For example, if a point has a nominal stress intensity Pm and has a notchwith a stress concentration
factor K, then Pm ≤ Smc, Pb = Q, Q = 0. F = Pm(K − 1), and the peak stress intensity effects, rather a stress increment. Therefore, the PL value
always includes the Pm contribution.

(5) Sa is obtained from the fatigue curves, Section III Appendices, Mandatory Appendix I. The allowable stress intensity for the full range of
fluctuation is 2Sa.

(6) Value shown is for a solid rectangular section. See NE-3221.3(d) for other than a solid rectangular section.
(7) Evaluation not required for Level C Service limits.
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Figure NE-3221-3
Stress Categories and Limits of Stress Intensity for Level C Service Limits Where the Structure Is Integral
and Continuous; and for Level D Service Limits Where the Structure Is Not Integral and Continuous, and at

Partial Penetration Welds

NOTES:
(1) The symbols Pm, PL, and Pb do not represent single quantities, but sets of six representing the six stress components σt, σl, σr, τlt, τlr, τrt.
(2) Values shown are for a solid rectangular section. See NE-3221.3(d) for other than a solid rectangular section.
(3) Use greater of values specified.
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amplitude and the allowable stress intensity amplitude
directly comparable. The curves have been adjusted,
where necessary, to include the maximum effects of
mean stress, which is the condition where the stress fluc-
tuates about amean value which is different from zero. As
a consequence of this procedure, it is essential that the
requirements of NE-3221.4 be satisfied at all times
with transient stresses included, and that the calculated
value of the alternating stress intensity be proportional to
the actual strain amplitude. To evaluate the effect of alter-
nating stresses of varying amplitudes, a linear damage
relation is assumed in (e)(5).

(d) Vessels Not Requiring Analysis for Cyclic Service. An
analysis for cyclic service is not required, and it may be
assumed that the limits on peak stress intensities as
governed by fatigue have been satisfied for a vessel by
compliance with the applicable requirements for
construction in this Subsection, provided the specified
Service Loadings of the vessel or portion thereof meet
all the conditions stipulated in (1) through (6) below.

(1) Atmospheric‐to‐Service Pressure Cycle. The speci-
fied number of times (including startup and shutdown)
that the pressure will be cycled from atmospheric pres-
sure to service pressure andback to atmospheric pressure

Figure NE-3221-4
Stress Categories and Limits of Stress Intensity for Level D Service Limits Where the Structure

Is Integral and Continuous

NOTES:
(1) The symbols Pm, PL, and Pb do not represent single quantities, but sets of six quantities representing the six stress components σt, σl, σr,

τlt, τlr, τrt.
(2) Sf is 85% of the general membrane allowable permitted in Section III Appendices, Mandatory Appendix XXVII. In the application of the

rules of Section III Appendices, Mandatory Appendix XXVII, Sm, if applicable, shall be as specified in NE-3112.4(a)(1).
(3) Values shown are for a solid rectangular section. See NE-3221.3(d) for other than a solid rectangular section.
(4) Elastic analysis
(5) Inelastic analysis
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during servicedoesnot exceed thenumberof cycles on the
applicable fatigue curve of Section III Appendices, Man-
datory Appendix I, corresponding to an Sa value of 3
times the Sm value for thematerial at service temperature.

(2) Normal Service Pressure Fluctuation. The speci-
fied full range of pressure fluctuations during service
does not exceed the quantity (1∕3) × Design Pres-
sure × (Sa/Sm) where Sa is the value obtained from the
applicable design fatigue curve for the total specified
number of significant pressure fluctuations and Sm is
the allowable stress intensity for the material at
service temperature. If the total specified number of
significant pressure fluctuations exceeds the maximum
number of cycles defined on the applicable design
fatigue curve, the Sa value corresponding to the
maximum number of cycles defined on the curve may
be used. Significant pressure fluctuations are those for
which the total excursion exceeds the quantity:

× × S
S

Design Pressure
1
3 m

where S is defined as follows:
(-a) if the total specified number of service cycles

is 106 cycles or less, S is the value of Sa obtained from the
applicable design fatigue curve for 106 cycles;

(-b) if the total specified number of service cycles
exceeds 106 cycles, S is the value of Sa obtained from the
applicable design fatigue curve for the maximum number
of cycles defined on the curve.

(3) TemperatureDifference—StartupandShutdown.
The temperature difference in °F (°C) between any two
adjacent points of the vessel during service does not
exceed Sa/(2Eα), where Sa is the value obtained from
the applicable design fatigue curves in psi (MPa) for
the specified number of startup‐shutdown cycles, α is
the value of the instantaneous coefficient of thermal
expansion in 1/°F (1/°C) and E is the value of Young’s
Modulus at the mean value of the temperatures at the
two points as given by Section II, Part D, Subpart 2,
Tables TE and TM, psi (MPa). Adjacent points are
defined as follows:

(-a) For surface temperature differences:
(-1) on surfaces of revolution in the meridional

direction, adjacent points are defined as points that are
spaced less than the distance Rt2 where R is the radius
measurednormal to thesurface fromtheaxisof rotation to
the mid-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 circumfer-
ential direction, and on flat parts such as flanges and flat
heads, adjacentpoints aredefinedas any twopoints on the
same surface.

(-b) For through-thickness temperature differ-
ences, adjacent points are defined as any two points
on a line normal to any surface.

(4) Temperature Difference — Similar Material. The
temperature difference in °F (°C) between any two adja-
cent points [(3)] doesnot changeduringnormal serviceby
more than the quantity Sa/(2Eα), where Sa is the value
obtained from the applicable design fatigue curve of
Section III Appendices, Mandatory Appendix I for the
total specified number of significant temperature differ-
ence fluctuations. A temperature difference fluctuation
(considering the algebraic range of the difference)
shall be considered to be significant if its total algebraic
range exceeds the quantity S/2(Eα), where S is defined as
follows:

(-a) If the total specified number of service cycles
is 106 cycles or less, S is the value of Sa obtained from the
applicable design fatigue curve for 106 cycles.

(-b) If the total specified number of service cycles
exceeds 106 cycles, S is the value of Sa obtained from the
applicable design fatigue curve for the maximum number
of cycles defined on the curve.

(5) Temperature Difference — Dissimilar Materials.
For components fabricated from materials of differing
moduli of elasticity or coefficients of thermal expansion,
the total algebraic range of temperature fluctuation in °F
(°C) experienced by the component during service does
not exceed the magnitude Sa/2 (E1α1 − E2α2), where Sa is
the value obtained from the applicable design fatigue
curve for the total specified number of significant
temperature fluctuations in psi (MPa), E1 and E2 are
the moduli of elasticity in psi (MPa), and α1 and α2 are
the values of the instantaneous coefficients of thermal
expansion at the mean temperature value involved for
the two materials of construction (Section II, Part D,
Subpart 2, Tables TE and TM), in 1/°F (1/°C). A tempera-
ture fluctuation shall be considered to be significant if its
total excursion exceeds the quantity S/2(E1α1 − E2α2),
where S is defined as follows:

(-a) If the total specified number of service cycles
is 106 cycles or less, S is the value of Sa obtained from the
applicable design fatigue curve for 106 cycles.

(-b) If the total specified number of service cycles
exceeds 106 cycles, S is the value of Sa obtained from the
applicable design fatigue curve for the maximum number
of cycles defined on the curve. If the two materials used
have different applicable design fatigue curves, the lower
value of Sa shall be used in applying the rules of this para-
graph.

(6) Mechanical Loads. The specified full range of
mechanical loads, excluding pressure but including
pipe reactions, does not result in load stress intensities
whose range exceeds the Sa value obtained from the ap-
plicable design fatigue curve of Section III Appendices,
Mandatory Appendix I, for the total specified number
of significant load fluctuations. If the total specified
number of significant load fluctuations exceeds the
maximum number of cycles defined on the applicable
design fatigue curve, the Sa value corresponding to the
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maximum number of cycles defined on the curve may be
used. A load fluctuation shall be considered to be signifi-
cant if the total excursion of load stress exceeds the quan-
tity S, where S is defined as follows:

(-a) If the total specified number of service cycles
is 106 cycles or less, S is the value of Sa obtained from the
applicable design fatigue curve for 106 cycles.

(-b) If the total specified number of service cycles
exceeds 106 cycles, S is the value of Sa obtained from the
applicable design fatigue curve for the maximum number
of cycles defined on the curve.

(e) Procedure for Analysis for Cyclic Loading. If the
specified service loadings for the vessel do not meet
the conditions of (d), the ability of the vessel to withstand
the specified cyclic service without fatigue failure shall be
determined as provided herein. The determination shall
be made on the basis of the stresses at a point, and the
allowable stress cycles shall be adequate for the specified
service loadings at every point. Only the stress differences
due to service cycles as specified in the Design Specifica-
tions need be considered. Compliance with these require-
mentsmeans only that the component is suitable from the
standpoint of possible fatigue failure; complete suitability
for the specified Service Loadings is also dependent on
meeting the general stress limits of NE-3221 and any ap-
plicable special stress limits of NE-3227.

(1) Stress Differences. For each condition of specified
service, determine the stress differences and the alter-
nating stress intensity Salt in accordance with NE-3216.

(2) Local Structural Discontinuities. These effects
shall be evaluated for all Service Loadings using stress
concentration factors determined from theoretical,
experimental, or photoelastic studies, or stress analysis
techniques. Experimentally determined fatigue strength
reduction factors may be usedwhen determined in accor-
dancewith the procedures of Section III Appendices, Man-
datory Appendix II, II‐1600, except for high strength alloy
steel bolting for which the requirements of NE-3232.3(c)
shall apply when using the design fatigue curve of Section
III Appendices,MandatoryAppendix I, Figure I‐9.4. Except
for the case of crack‐like defects, no fatigue strength
reduction factor greater than 5 need be used.

(3) Design Fatigue Curves. Section III Appendices,
Mandatory Appendix I contains the applicable fatigue
design curves for the materials permitted by this Subsec-
tion. When more than one curve is presented for a given
material, the applicability of each curve to materials of
various strength levels is identified. Linear interpolation
may be used for intermediate strength levels of these
materials. As used herein, the strength level is the speci-
fied minimum room temperature value.

(4) Effect of Elastic Modulus. Multiply Salt (as deter-
mined in NE-3216.1 or NE-3216.2) by the ratio of the
modulus of elasticity given on the design fatigue curve
to the value of the modulus of elasticity used in the
analysis. Enter the applicable design fatigue curve of

Section III Appendices, Mandatory Appendix I, at this
value on the ordinate axis and find the corresponding
number of cycles on the abscissa. If the service cycle
being considered is the only one which produces signifi-
cant fluctuating stresses, this is the allowable number of
cycles.

(5) Cumulative Damage. If there are two or more
types of stress cycles which produce significant stresses,
their cumulative effect shall be evaluated as stipulated in
Steps 1 through 6 below.

Step 1. Designate the specified number of times
each type of stress cycle of types 1, 2, 3, ..., n will be
repeated during the life of the component as n1, n2, n3,
..., nn, respectively.
NOTE: In determining n1, n2, n3, ..., nn, consideration shall be
given to the superposition of cycles of various origins which
produce a total stress difference range greater than the
stress difference ranges of the individual cycles. For example,
if one type of stress cycle produces 1000 cycles of a stress differ-
ence variation from zero to +60,000 psi and another type of
stress cycle produces 10,000 cycles of a stress difference varia-
tion from zero to −50,000 psi, the two types of cycle to be consid-
ered are defined by the following parameters:

(a) Type 1 cycle: n1 = 1,000,
Salt1 = (60,000 + 50,000)/2 = 55,000 psi
(b) Type 2 cycle: n2 = 9,000,

Salt2 = (50,000 + 0)/2 = 25,000 psi

Step 2. For each type of stress cycle, determine the
alternating stress intensity Salt by the procedures of
NE-3216.1 or NE-3216.2 above. Call these quantities
Salt1, Salt2, Salt3, Saltn.

Step 3. For each value Salt1, Salt2, Salt3, ..., Saltn, use
the applicable design fatigue curve to determine the
maximum number of repetitions which would be allow-
able if this type of cyclewere the only one acting. Call these
values N1, N2, N3, ..., Nn.

Step 4. For each type of stress cycle, calculate the
usage factors U1, U2, U3, ..., Un from U1 = n1/N1, U2 = n2/N2,
U3 = n3/N3, ..., Un = nn/Nn.

Step 5. Calculate the cumulative usage factor U
from U = U1 + U2 + U3 + ... + Un.

Step 6. The cumulative usage factor U shall not
exceed 1.0.

NE-3221.6 Thermal Stress Ratchet. It should be noted
that under certain combinations of steady state and cyclic
loadings there is a possibility of large distortions devel-
oping as the result of ratchet action; that is, the deforma-
tion increases by a nearly equal amount for each cycle.
Examples of this phenomenon are treated in this subpar-
agraph and in NE-3227.3.

(a) The limiting value of the maximum cyclic thermal
stress permitted in a portion of an axisymmetric shell
loaded by steady state internal pressure in order to
prevent cyclic growth in diameter is as follows. Let:
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x = maximum general membrane stress due to pres-
sure divided by the yield strength Sy

y′ = maximum allowable range of thermal stress
computed on an elastic basis divided by the
yield strength Sy

NOTE: Forboth y′and x, it is permissible touse1.5Smwhenever it
is greater than Sy.

(1) Case 1: Linear variation of temperature through
the wall:

= < <y x x1 for 0 0.5

= < <y x x4(1 ) for 0.5 1.0

(2) Case 2: Parabolic constantly increasing or
constantly decreasing variation of temperature through
the wall:

= < <y x x5.2(1 ) for 0.615 1.0

and approximately for x < 0.615 as follows: y′ = 4.65, 3.55,
and 2.70 for x = 0.3, 0.4, and 0.5, respectively.

(b) Use of yield strength Sy in the above relations
instead of the proportional limit allows a small amount
of growth during each cycle until strain hardening
raises the proportional limit to Sy. If the yield strength
of the material is higher than two times the Sa value
for the maximum number of cycles on the applicable
fatigue curve of Section III Appendices,MandatoryAppen-
dix I for thematerial, the latter value shall be used if there
is to be a large number of cycles because strain softening
may occur.

NE-3221.7 DeformationLimits.Anydeformation limits
prescribed by the Design Specifications shall be satisfied.

NE-3222 Buckling Stress Values

NE-3222.1 Basic Compressive Allowable Stress. The
maximumbuckling stress values to be used for the evalua-
tion of instability shall be either of the following:

(a) one‐third the value of critical buckling stress deter-
mined by one of the methods given below:

(1) rigorous analysis which considers the effects of
gross and local buckling, geometric imperfections, nonli-
nearities, large deformations, and inertial forces (dynamic
loads only);

(2) classical (linear) analysis reduced by margins
which reflect the difference between theoretical and
actual load capacities;

(3) tests of physical models under conditions of
restraint and loading the same as those to which the
configuration is expected to be subjected;

(b) the value determined by the applicable rules of
NE-3133.

NE-3222.2 Stability Stress Limits.

(a) For Design Conditions and Level A and B Service
Limits, the value given inNE-3222.1 shall not be exceeded.

(b) For Level C Service Limits, 120% of the value given
in NE-3222.1 shall not be exceeded.

(c) For Level D Service Limits, 150% of the value given
in NE-3222.1 shall not be exceeded.

NE-3226 Testing Limits

The evaluation of pressure test loadings (NCA‐2142.3)
shall be in accordance with (a) through (f) below.

(a) If the calculatedpressure, including statichead, is to
be exceeded at anypoint in a containment vessel or appur-
tenance by more than 6%, the resulting stresses shall be
calculated by the engineer responsible for the Design
Report using an analysis that includes all loadings that
may exist during the test. The calculated primary
general membrane stress intensity Pm shall not exceed
90%of the tabulated yield strength Sy at the test tempera-
ture. For solid rectangular sections, the primary
membrane plus primary bending stress intensity Pm +
Pb shall not exceed the applicable limits given in (1) or
(2) below:

(1) For Pm ≤ 0.67Sy
+P P S1.35m b y

(2) For 0.67Sy < Pm ≤ 0.90Sy

+ ( )P P S P2.15 1.2m b y m

where Sy is the tabulated yield strength at test tempera-
ture.
For other than solid 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 dividedby the load set producing initial yielding in
the extreme fibers of the section.

(b) If the pneumatic test pressure at any point in a
vessel exceeds the required test pressure defined in
NE-6321 by more than 6%, the resulting stresses shall
be calculated using all of the loadings that may exist
during the test. The calculated general primarymembrane
stress intensity Pm for this situation shall not exceed 80%
of the tabulated yield strength Sy at test temperature. For
solid rectangular sections, the primary membrane plus
primary bending stress intensity Pm + Pb shall not
exceed the limits given in (a) above. For other than
solid rectangular sections, Pm + Pb shall not exceed a
value of α times 0.8Sy 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) In the evaluation of the initial yield and fully plastic
section capacities in (a) and (b) above, the ratio of each
individual load in the respective load set to eachother load
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in that load set shall be the same as the respective ratios of
the individual loads in the specified design load set. The
value ofα shall not exceed the value calculated for bending
only (Pm =0). In no case shall the value ofα exceed 1.5. The
propensity for buckling of the part of the section that is in
compression shall be investigated.

(d) In multichamber vessels, pressure may be simulta-
neously applied to the appropriate adjacent chamber to
meet the stress limits in (a) and (b) above.

(e) External pressure shall not exceed 125% of the
value determined by the rules of NE-3222.

(f) The number of hydrostatic tests in accordance with
NE-6220, pneumatic tests in accordancewith NE-6320, or
anycombinationof such tests, shall not exceed tenunless a
fatigue evaluation is made when required by NE-3221.5.
In this fatigue evaluation, the limits on primary plus
secondary stress intensity range (NE-3221.4) may be
taken as the larger of 3Sm or 2Sy when at least one
extreme of the stress intensity range is determined by
the test loadings.

NE-3227 Special Stress Limits

The following stress limits are provided to cover special
conditions or configurations. Some of these limits are
more restrictive and some less restrictive than the
stress intensity limits of NE-3221. In cases of conflict
between these requirements and those of NE-3221, the
rules of NE-3227 take precedence. The rules of
NE-3227 shall apply to Design Loadings and Level A
and B Service Loadings. These rules shall also apply to
Level C and D Service Loadings unless otherwise justified
in the Design Report.

NE-3227.1 Bearing Loads.

(a) The average bearing stress for resistance to
crushing under the maximum load, experienced as a
result of Design Loadings or of any of the service or
testing loadings, shall be limited to Sy at temperature,
except that when the distance to a free edge is larger
than the distance over which the bearing load is
applied, a stress of 1.5Sy at temperature is permitted.
For clad surfaces, the yield strength of the base metal
may be used if, when calculating the bearing stress,
the bearing area is taken as the lesser of the actual
contact area or the area of the base metal supporting
the contact surface.

(b) When bearing loads are applied near free edges,
such as at a protruding ledge, the possibility of a shear
failure shall be considered. In the case of load-controlled
stress only (NE-3213.12), the average shear stress shall be
limited to 0.6Smc. In the case of load-controlled stress plus
secondary stress (NE-3213.9), the average shear stress
shall not exceed (1) or (2) below:

(1) for materials to which Section II, Part D, Subpart
1, Tables 1A and 1B, Note G5 applies, the lower of 0.5Sy at
100°F (38°C) and 0.675Sy at temperature;

(2) for all other materials, 0.5Sy at temperature.
(c) For clad surfaces, if the configuration or thickness is

such that a shear failure could occur entirely within the
clad material, the allowable shear stress for the 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 material shall be used when evaluating
the combined resistance to this type of failure.

(d) When considering bearing stresses in pins and
similarmembers, theSyat temperaturevalue is applicable,
except that a value of 1.5Symaybeused if no credit is given
to bearing areawithin one pin diameter from a plate edge.

NE-3227.2 Pure Shear.

(a) The average primary shear stress across a section
loaded in pure shear experienced as a result of Design
Loadings (for example, keys, shear rings, screw
threads) shall be limited to 0.6Smc.

(b) The maximum primary shear experienced as a
result of Design Loadings shall be limited to 0.8Smc.

NE-3227.3 Progressive Distortion of Nonintegral
Connections. Screwed‐on caps, screwed‐in plugs,
shear-ring closures, and breech‐lock closures are exam-
ples of nonintegral connections which are subject to
failure by bell mouthing or other types of progressive
deformation. If any combinationof applied loadsproduces
yielding, such joints are subject to ratcheting because the
mating members may become loose at the end of each
complete service cycle and start the next cycle in a
new relationship with each other, with or without
manual manipulation. Additional distortion may occur
in each cycle so that interlocking parts, such as
threads, can eventually lose engagement. Therefore,
primary plus secondary stress intensities (NE-3221.4)
which result in slippagebetween theparts of anonintegral
connection inwhichdisengagement couldoccurasa result
of progressive distortion shall be limited to the value Sy
(Section II, Part D, Subpart 1, Table Y‐1).

NE-3227.4 Triaxial Stresses. The algebraic sum of the
three primary principal stresses (σ1 + σ2 + σ3) shall not
exceed four times the tabulated value of Smc.

NE-3227.5 Nozzle Piping Transition.Within the limits
of reinforcement given byNE-3334,whether or not nozzle
reinforcement is provided, the Pm classification is appli-
cable to stress intensities resulting frompressure-induced
general membrane stresses as well as stresses, other than
discontinuity stresses, due to external loads andmoments
including those attributable to restrained free end dis-
placements of the attached pipe. Also, within the limits
of reinforcement, a PL classification shall be applied to
local primary membrane stress intensities derived
from discontinuity effects plus primary bending stress
intensities due to combined pressure and external
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loads and moments including those attributable to
restrained free end displacements of the attached pipe;
and a PL + Pb + Q classification shall apply to primary
plus secondary stress intensities resulting from a combi-
nation of pressure, temperature, and external loads and
moments including those due to restrained free end dis-
placements of the attached pipe. Beyond the limits of re-
inforcement, a Pm classification is applicable to stress
intensities resulting from pressure-induced general
membrane stresses as well as the average stress
across the nozzle thickness due to externally applied
nozzle axial, shear, and torsional loads other than
those attributable to restrained free end displacement
of the attached pipe. Also, outside the limits of reinforce-
ment a PL + Pb classification is applicable to the stress
intensities which result from adding those stresses clas-
sified as Pm to those due to externally applied bending
moments, except for those attributable to restrained
free end displacement of the pipe. Further, beyond the
limits of reinforcement, a PL + Pb + Q classification is ap-
plicable to stress intensities resulting from all pressure,
temperature, and external loads and moments, including
those attributable to restrained free end displacements of
the attached pipe. Beyond the limits of reinforcement, the
3Sm limit on the range of primary plus secondary stress
intensity may be exceeded as provided in NE-3228.3,
except that in the evaluation of NE-3228.3(a) stresses
from restrained free end displacements of the attached
pipe may also be excluded. The range of membrane
plus bending stress intensity attributable solely to the
restrained free end displacements of the attached
piping shall be ≤3Sm. The nozzle, outside the reinforce-
ment limit, shall not be thinner than the larger of the
pipe thickness or the quantity tp(Smp/Smn) where tp is
the nominal thickness of themating pipe, Smp is the allow-
able stress intensity value for the pipematerial, and Smn is
theallowable stress intensityvalue for thenozzlematerial.

NE-3227.6 Applications of Elastic Analysis for
Stresses Beyond the Yield Strength. Certain of the allow-
able stresses permitted in the criteria are such that the
maximum stress calculated on an elastic basis may
exceed the yield strength of the material. The limit on
primary plus secondary stress intensity of 3Sm
(NE-3221.4) has been placed at a level which assures
shakedown to elastic action after a few repetitions of
the stress cycle, except in regions containing significant
local structural discontinuities or local thermal stresses.
These last two factors are considered only in the perfor-
mance of a fatigue evaluation. Therefore, the procedures
of (a) and (b) below shall be used.

(a) In evaluating stresses for comparison with the
stress limits on other than fatigue allowables, stresses
shall be calculated on an elastic basis.

(b) In evaluating stresses for comparison with fatigue
allowables, all stresses except those which result from
local thermal stresses [NE-3213.13(b)] shall be evaluated

onanelastic basis. In evaluating local thermal stresses, the
elastic equations shall be used, except that the numerical
value substituted for Poisson’s ratio shall be determined
from the expression:

=
S

S
0.5 0.2 but not less than 0.3

y

alt

where

Salt = alternating stress intensity determined in
NE-3221.5(e) prior to the elastic modulus adjust-
ment in NE-3221.5(e)(4)

Sy = theyield strengthof thematerial at themeanvalue
of the temperature of the cycle

NE-3228 Applications of Plastic Analysis

The following subparagraphs provide guidance in the
application of plastic analysis and some relaxation of the
stress limits of NE-3221 which are allowed if plastic
analysis is used.

NE-3228.1 ð21ÞPlastic Analysis. The limits on local
membrane stress intensity (NE-3221.2), primary plus
secondary stress intensity (NE-3221.4), thermal stress
ratchet in shell (NE-3221.6), and progressive distortion
of nonintegral connections (NE-3227.3) need not be satis-
fied at a specific location if, at the location, the procedures
of (a) and (b) below are used.

(a) In lieu of satisfying the specific requirements of
NE-3221.2, NE-3221.4, NE-3221.6, and NE-3227.3 at a
specific location, the structural action is calculated on
a plastic basis and the design shall be considered to be
acceptable if shakedownoccurs (as opposed to continuing
deformation) and if the deformationswhich occur prior to
shakedown do not exceed specified limits.

(b) In evaluating stresses for comparison with fatigue
allowables, the numerically maximum principal total
strain rangewhich occurs after shakedown shall bemulti-
plied by one‐half of the modulus of elasticity of the mate-
rial (Section II, Part D, Subpart 2, Table TM) at the mean
value of the temperature of the cycle.

NE-3228.2 Limit Analysis. The limits on local
membrane stress intensity (NE-3221.2) and primary
membrane plus primary bending stress intensity
(NE-3221.3) need not be satisfied at a specific location
if it can be shown by means of limit analysis or by
tests that the specified loadings do not exceed two‐
thirds of the lower bound collapse load except for
those materials of Section II, Part D, Subpart 1, Table
2A to which Note G7 is applicable and Section II, Part
D, Subpart 1, Table 2B to which Note G1 is applicable.
For these latter materials the specified loading shall
not exceed the product of the applicable permanent
strain limiting factor of Section II, Part D, Subpart 1,
Table Y‐2 times the lower bound collapse load.
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NE-3228.3 Simplified Elastic–Plastic Analysis. The
3Sm limit on the range of primary plus secondary
stress intensity (NE-3221.4) may be exceeded provided
the requirements of (a) through (f) below are met.

(a) The range of primary plus secondary membrane
plus bending stress intensity, excluding thermal
bending stresses, shall be ≤3Sm.

(b) The value of Sa used for entering the design fatigue
curve is multiplied by the factor Ke where:

Ke = 1.0 for Sn ≤ 3Sm
x
= +

i
k
jjjj

y
{
zzzz1.0 1

n
n m

S
S

(1 )
( 1) 3

n

m
for 3Sm < Sn < 3mSm

x = 1/n for Sn ≥ 3mSm
Sn = range of primary plus secondary stress intensity

The values of thematerial parametersm andn are given
for the var ious c lasses of mater ia l s in Table
NE-3228.3(b)-1.

(c) The rest of the fatigue evaluation stays the same as
required in NE-3221.5, except that the procedure of
NE-3227.6 need not be used.

(d) The component meets the thermal ratcheting
requirement of NE-3221.6.

(e) The temperature does not exceed those listed in
Table NE-3228.3(b)-1 for the various classes of materials.

(f) The material shall have a specified minimum yield
strength to specified minimum tensile strength ratio of
less than 0.80.

NE-3228.4 Impulse Loads. A plastic analysis or test
may be used to justify relaxation of the Level A, B, C,
and D Service Limits given in NE-3221.1, NE-3221.2,
NE-3221.3, and NE-3221.4 if the applied loading is impul-
sive in nature. The plastic analysis or test shall demon-
strate that the factor against failure under the applied
impulsive loading is not less than the factor against
failure provided by Level A Service Limits for sustained
loads. This demonstration shall be included in the Design
Report for review by the Owner or the Owner’s designee
for acceptability to the regulatory authority having juris-
diction at the nuclear power plant site.

NE-3230 STRESS LIMITS FOR BOLTS

NE-3231 Design Conditions

(a) The number and cross‐sectional area of bolts
required to resist theDesignPressure shall be determined
in accordance with the procedures of Section III Appen-
dices, Mandatory Appendix XI, using the larger of the bolt
loads given by the equations of Section III Appendices,
Mandatory Appendix XI as a Design Mechanical Load.
The allowable bolt design stresses shall be as defined
in NE-3112.4(b).

(b) When sealing is effected by a seal weld instead of a
gasket, the gasket factor m and the minimum design
seating stress y may be taken as zero.

(c) When gaskets are used for preservice testing only,
the design is satisfactory if the above requirements are
satisfied for m = y = 0.

NE-3232 Combined Loads

Actual service stresses in bolts, such as those produced
by the combination of preload, pressure, and differential
thermal expansion, may be higher than the allowable
stresses given in NE-3231(a).

NE-3232.1 Average Stress. The maximum value of
service stress, averaged across the bolt cross section
and neglecting stress concentrations, shall not exceed
2 times the allowable stress values, S , defined in
NE-3112.4(b).

NE-3232.2 Maximum Stress. The maximum value of
service stress, except as restricted by NE-3232.3, at the
periphery of the bolt cross section resulting from
direct tension plus bending and neglecting stress concen-
trations shall not exceed 3 times the allowable stress
values, S, defined in NE-3112.4(b). Stress intensity,
rather than maximum stress, shall be limited to this
value when the bolts are tightened by methods other
than heaters, stretchers, or other means which minimize
residual torsion.

NE-3232.3 Fatigue Analysis of Bolts. Unless the
components on which they are installed meet all the con-
ditions of NE-3221.5(d) and thus require no fatigue
analysis, the suitability of bolts for cyclic service shall
be determined in accordance with the procedures of
(a) through (e) below.

(a) Bolting Having Less Than 100.0 ksi (700 MPa)
Tensile Strength. Bolts made of materials which have
specified minimum tensile strengths of less than 100.0
ksi (700 MPa) shall be evaluated for cyclic service by
the methods of NE-3221.5(e) using the applicable
design fatigue curve of Section III Appendices, Mandatory
Appendix I, Figure I‐9.4 and an appropriate fatigue
strength reduction factor [(c)].

Table NE-3228.3(b)-1
Values of m, n, and Tmax for Various Classes of

Permitted Materials

Materials m n Tmax, °F (°C)
Low alloy steel 2.0 0.2 700 (370)
Martensitic stainless steel 2.0 0.2 700 (370)
Carbon steel 3.0 0.2 700 (370)
Austenitic stainless steel 1.7 0.3 800 (425)
Nickel‐chromium‐iron 1.7 0.3 800 (425)
Nickel‐copper 1.7 0.3 800 (425)
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(b) HighStrengthAlloySteelBolting. High strengthalloy
steel bolts and studsmaybe evaluated for cyclic service by
the methods of NE-3221.5(e) using the design fatigue
curve of Section III Appendices, Mandatory Appendix I,
Figure I‐9.4, provided the requirements of (1), (2), and
(3) below are met.

(1) The maximum value of the service stress
(NE-3232.2) at the periphery of the bolt cross section
(resulting from direct tension plus bending) and
neglecting stress concentration shall not exceed 2.7Sm,
if the higher of the two fatigue design curves given in
Section III Appendices, Mandatory Appendix I, Figure
I‐9.4 is used. The limit for direct tension in NE-3232.1
is unchanged.

(2) Threads shall be of a V‐type having a minimum
thread root radius no smaller than 0.003 in. (0.08 mm).

(3) Fillet radii at the end of the shank shall be such
that the ratio of fillet radius to shank diameter is not less
than 0.060.

(c) Fatigue Strength Reduction Factor (NE-3213.17).
Unless it can be shown by analysis or tests that a
lower value is appropriate, the fatigue strength reduction
factor used in the fatigue evaluation of threadedmembers
shall not be less than4.0 for the threaded region.However,
when applying the rules of (b) for high strength alloy steel
bolts, the value used shall not be less than 4 for the
threaded region.

(d) Effect of Elastic Modulus. Multiply Salt (as deter-
mined in NE-3216.1 or NE-3216.2) by the ratio of the
modulus of elasticity given on the design fatigue curve
to the value of the modulus of elasticity used in the
analysis. Enter the applicable design fatigue curve at
this value on the ordinate axis and find the corresponding
numbersof cycleson theabscissa. If the service cyclebeing
considered is the only onewhichproduces significant fluc-
tuating stresses, this is the allowable number of cycles.

(e) Cumulative Damage. The bolts shall be acceptable
for the specified cyclic application of loads and thermal
stresses provided the cumulative usage factor U as deter-
mined in NE-3221.5(e)(5) does not exceed 1.0.

NE-3236 Design Stress Values

Allowable stress values, S, and design stress intensity
values, Sm, are defined in NE-3112.4. Values for inter-
mediate temperatures may be found by interpolation.
The basis for establishing stress values is given in
Section III Appendices, Mandatory Appendix III.

NE-3300 DESIGN BY FORMULA

NE-3310 DESIGN CRITERIA

NE-3311 Requirements for Acceptability

Rules are provided in this subarticle for Design Load-
ings and Level A and B Service Loadings which do not
include substantial mechanical or thermal loads other

than pressure [NE-3131(a)]. The design shall be such
that the rules of this subarticle are satisfied for any config-
urations and loadings explicitly treated.

(a) The allowable stress value at temperature S is
defined in NE-3112.4(b).

NE-3320 DESIGN CONSIDERATIONS

NE-3324 Vessels Under Internal Pressure

NE-3324.1 General Requirements. Equations are given
in this paragraph for determining the minimum thick-
nesses under internal pressure loading in cylindrical
and spherical shells and ellipsoidal, conical, and hemi-
spherical heads.

NE-3324.2 Nomenclature. The symbols used in
Figure NE-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 per-
pendicular 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
NE-3324.2-1

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,measuredper-
pendicular to the longitudinal axis

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 NE-3324.2-1)

L = inside spherical or crown radius for torisphe-
rical and hemispherical heads

x = K1D for ellipsoidal heads inwhichK1 is obtained
from Table NE-3332.2-1

Lo = outside spherical or crown radius
P = Design Pressure, psi (MPa)
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, psi (MPa), as
defined in NE-3112.4(b)
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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

NE-3324.3 Cylindrical Shells. Theminimum thickness
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 0.385S, the following equa-
tions shall apply:

= =
+

t PorPR
S P

St
R t0.6 0.6

(b) Longitudinal Stress (Circumferential Joints). When
the thickness does not exceed one‐half of the inside
radius, orPdoes not exceed 1.25S, the following equations
shall apply:

= =
+

t PorPR
S P

St
R t2 0.4

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 Por
PR

S P
St

R t
( )

0.4 ( 0.4 )
o

o

(d) Thick Cylindrical Shells

Figure NE-3324.2-1
Principal Dimensions of Typical Heads

Table NE-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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(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
exceeds 0.385S, the following equations shall apply.

When P is known and t is desired:

= =( ) ( )
t R Z R

Z

Z
1

1
o

1/2
1/2

1/2

where

= +Z S P
S P

When t is known and P is desired:

=
+

i
k
jjj y

{
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Z
1
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(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 1.25S, the following equations shall apply.

When P is known and t is desired:

= =( ) ( )
t R Z R

Z

Z
1

1
o

1/2
1/2
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where

= +( )Z 1P
S

When t is known and P is desired:
=P S Z( 1)
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NE-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 0.665S, the
following equations shall apply. Any reduction in thick-
ness within a shell course of a spherical shell shall be
in accordance with NE-3361.

= =
+

t PorPR
S P

St
R t2 0.2

2
0.2

(b) The following equations, in terms of the outside
radius, are equivalent to and may be used instead of
those given in (a) above:

= =
+

t Por
PR

S P
St

R t2 0.8
2

0.8
o

o

(c) When the thickness of the shell of a spherical vessel
or of a hemispherical head under internal pressure
exceeds 0.356R, or when P exceeds 0.665S, the following
equations shall apply.
When P is known and t is desired:
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NE-3324.5 Formed Heads, General Requirements.
Formed heads shall meet the requirements of (a)
through (f) below.

(a) All formedheads, thicker than the shell and concave
to pressure, for butt-welded attachment, shall have a skirt
length sufficient to meet the requirements of Figure
NE-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 NE-3361. The taper at a
circumferential welded joint connecting a formed head
to a main shell shall meet the requirements of
NE-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.
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(d) The inside crown radius to which a head is dished
shall not be greater than the outside 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 of theheadbut inno 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 given by eq. NE-3325.2(b)(1) or eq. NE-3325.2(b)(2)
using C = 0.25.

(f) Openings in formed heads under internal pressure
shall comply with the requirements of NE-3330.

NE-3324.6 Ellipsoidal Heads.

(a) 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 PorPD
S P

St
D t2 0.2

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:

= =
+
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S P

St
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2
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Numerical values of the factor K are given in Table
NE-3324.2-1

NE-3324.7 Hemispherical Heads.

(a) When the thickness of a hemispherical head does
not exceed 0.356L or P does not exceed 0.665S, the
following equations shall apply:
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+
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(b) When the thickness of the hemispherical head
under internal pressure exceeds 0.356L, or when P
exceeds 0.665S, the following equations shall apply:
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NE-3324.8 Torispherical Heads.

(a) Torispherical Heads With a 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 PorPL
S P

St
L t

0.885
0.1 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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Numerical values of the factor M are given in Table
NE-3324.8(b)-1.
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(c) Torispherical heads made of materials having a
specified minimum tensile strength exceeding 80 ksi
(550 MPa) shall be designed using a value of S equal
to 22 ksi (150 MPa) at room temperature and reduced
in proportion to the ratio of the reduction in maximum
allowable stress values from room temperature to
design temperature for the material as shown in
Section II, Part D, Subpart 1, Tables 1A and 1B.

NE-3324.9 ConicalHeadsWithout TransitionKnuckle.
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 PorPD
S P

St
D t2 cos ( 0.6 )

2 cos
1.2 cos

For α greater than 30 deg, see NE-3324.11(b)(5). A
compression ring shall be provided when required by
the rule in NE-3324.11(b).

NE-3324.10 Toriconical Heads. Toriconical heads in
which the inside knuckle radius is neither less than
6% of the outside diameter of the head skirt nor less
than three times the knuckle thickness shall be used
when the angle α exceeds 30 deg except when the
design complieswith NE-3324.11. The required thickness
of the knuckle shall be determined by the first equation of
NE-3324.8(b) in which:

=L
D

2 cos
1

The required thickness of the conical portion shall be
determined by the equation in NE-3324.9, using D1 in
place of D.

NE-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, in.2 (mm2)
Ae = effective area of reinforcement, due to excess

metal thickness, in.2 (mm2)
D1 = inside diameter of reducer section at point of

tangency to the knuckle or reverse curve, in. (mm)
m = the lesser of

Ä
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t
t

cos cos( )c

RL = inside radius of larger cylinder, in. (mm)
rL = inside radiusof knuckle at larger cylinder, in. (mm)
Rs = inside radius of smaller cylinder, in. (mm)
rs = radius to the inside surface of flare at the small end,

in. (mm)
tc = nominal thickness of cone at cone‐to‐cylinder

junction, exclusive of corrosion allowance, in.
(mm)

te = the smaller of (ts − t) or [tc − (t/cos α)], in. (mm)
ts = nominal thickness of cylinder at cone‐to‐cylinder

junction, exclusive of corrosion allowance, in.
(mm)

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
NE-3324.11(b)(2)-1 and NE-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.

(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 are met.

Table NE-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 NE-3324.5(d) when L equals the outside diameter of the skirt of the head.

ASME BPVC.III.1.NE-2021

63



(-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 NE-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.

(5) When elements of (4) above having different
thicknesses are combined to form a reducer, the joints,
including the plate taper required by NE-3361, shall lie
entirely within the limits of the thinner element being
joined.

(6) A reducer may be a simple conical shell section
[Figure NE-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 reinforcement 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
NE-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
head plus a conical section, provided the half apex angle 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
NE-3324.11(a)(6)-1, sketches (c) and (d)] may be
shaped of elements other than those 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‐
cylinder 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 is greater than 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 NE-3324.11(b)(2)-1, using the appropriate
ratio P/S, is less than α. Interpolation may be made in
the table.

(-a) The cross‐sectional area of the reinforcement
ring shall be at least equal to that indicated by the
following equation:
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k
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(-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 which 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 NE-3324.11(b)(3)-1, using the appropriate ratio
P/S, 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:
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Table NE-3324.11(b)(2)-1
Values of Δ for Junctions at the Large Cylinder for α ≤ 30 deg

P/S 0.001 0.002 0.003 0.004 0.005 0.00.6 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/S.

Table NE-3324.11(b)(3)-1
Values of Δ for Junctions at the Small Cylinder

for α ≤ 30 deg

P/S 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/S.
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(-b) When the thickness, less corrosion allowance,
of either the reducer or cylinder exceeds that required by
the applicable design equation, the excess thickness may
be considered to contribute to the required reinforcement
ring in accordance with the following equation:

= [ + ]A m R t t t t t( cos ) ( )e s c s

(-c) Any additional area of reinforcement which 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 the half 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 a stress analysis is made, the calcu-
lated stresses shall be evaluated in accordance with
NE-3200.

NE-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 NE-3111 plus the thickness added for corro-
sion. Except for access openings and openings for inspec-
tion only, the wall thickness shall not be 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;

(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 stress value for shear in anozzleneck
shall be 70% of the allowable tensile stress for the vessel
material.

NE-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 circular heads and covers. Some acceptable
types of flat heads and covers are shown in Figure
NE-3325-1. In this figure thedimensionsof the component
parts and the dimensions of the welds are exclusive of
extra metal required for corrosion allowance.

NE-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 NE-3325.3, dimensionless

Figure NE-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 small of 0.12(RL + t) or 3t
(b) rs has no dimensional requirement
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Figure NE-3325-1
Some Acceptable Types of Unstayed Flat Heads and Covers
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d = diameter, measured as indicated in Figure
NE-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‐3221.2‐2

l = length of flange of flanged heads, measured from
the tangent line of knuckle, as indicated in
Figure NE-3325-1, sketches (a) and (c)

m = the ratio tr/ts
P = Design Pressure, psi (MPa)
r = inside corner radius on a head formed by flanging

or forging
S = maximumallowable stress, psi (MPa), as defined in

NE-3112.4(b)
t = minimum required thickness of flat head or cover,

exclusive of corrosion allowance
t1 = throat dimension of the closure weld, as indicated

in Figure NE-3325-1, sketch (p)
tf = actual thickness of the flange on a forged head, at

the large end, exclusive of corrosion allowance, as
indicated in Figure NE-3325-1, sketches (b‐1) and
(b‐2)

th = actual thickness of flat head or cover, 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, 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 NE-3325-1, sketch (f)

W = total bolt load, lb (kN), given for circular heads for
Section III Appendices, Mandatory Appendix XI,
Article XI-3000, eqs. XI‐3223(3) and XI-3223(4)

NE-3325.2 Thickness. The thickness of flat unstayed
heads, covers, and blind flanges shall conform to one
of the following two 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.

(a) Circular blind flanges of ferrous materials
conforming to ASME B16.5 shall be acceptable for the
diameters and pressure temperature ratings in Tables
2 to 8 of that Standard, when of the types shown in
Figure NE-3325-1, sketches (j) and (k).

(b) The minimum required thickness of flat unstayed
circularheads, covers, andblind flanges shall be calculated
by the equation:

=t d CP S (1)

exceptwhen the head, cover, or blind flange is attached by
bolts causing an edge moment [Figure NE-3325-1
sketches (i), (j), and (n)], in which case the thickness
shall be calculated by:

= +t d CP S Wh Sd1.27 G
3 (2)

Whenusingeq. (2), 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 and W from
Section III Appendices, Mandatory Appendix XI, Article
XI-3000, eq. XI‐3223(3) shall be used. For gasket
seating, P equals zero, and the values of S at atmospheric
temperature and W from Section III Appendices, Manda-
tory Appendix XI, Article XI-3000, eq. XI‐3223(4) shall be
used.

NE-3325.3 Values of C. For the types of construction
shown in Figure NE-3325-1 and Figure NE-4243.1-1, the
minimum values of C to be used in eqs. NE-3325.2(b)(1)
and NE-3325.2(b)(2) shall be as given in (a) through (l)
below for Figure NE-3325-1 and in (m) below for Figure
NE-4243.1-1.

(a) In sketch (a), C = 0.17 for flanged circular 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 circularheads,when the flange length
for heads of the above design is not less than:

=
Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑ
l

t

t
dt1.1 0.8 s

h
h

2

2
(3)

(2) C=0.10 for circularheads,when the flange length
l is less than the requirement in eq. (1)(3) but the shell
thickness is not less than:

=t t l dt1.12 1.1s h h
(4)

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 heads
integralwithorbuttwelded 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 require-
ments of Article NE-4000.

(c) In sketch (b‐2), C = 0.33m but not less than 0.20 for
forged circular heads integral with or butt welded to the
vessel, where the flange thickness is not less than the shell
thickness and the corner radius on the inside is not less
than 1.5 times the flange thickness. [See Figure
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NE-4243.1-1, sketches (a) and (b) for the special case
where tf = ts.]

(d) In sketch (c), 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.

(e) In sketches (d), (e), and (f), C = 0.33m but not less
than0.20 for circularplateswelded to the insideof a vessel
and otherwise meeting the requirements for the respec-
tive types of welded vessels. If a value of m less than 1 is
used in calculating t, the shell thickness ts shall be main-
tainedalongadistance inwardly fromthe inside faceof the
head equal to at least dt2 s . The throat thickness of the
fillet welds in sketch (e) shall be at least 0.7ts. The size of
the weld tw in sketch (f) shall not be less than 2 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.

(f) In sketch (g), C = 0.33 for circular plates welded to
the end of the shell when ts is at least 1.25tr and the weld
details conform to the requirements of NE-3358.3(e) and
Figure NE-4243-1, sketches (a) through (g).

(g) In sketch (h), C = 0.33m but not less than 0.20 for
circular plates if an inside filletweldwithminimum throat
thicknessof0.7ts is usedand thedetails of theoutsideweld
conform to the requirements of NE-3358.3(c) and Figure
NE-4243-1, sketches (a) through (g), in which the inside
weld canbe considered to contribute an amount equal to ts
to the sum of the dimensions a and b.

(h) In sketches (i) and(j),C=0.20 for circularheadsand
covers bolted to the vessel as indicated in the figures. Note
that eq.NE-3325.2(b)(2) shall beusedbecauseof the extra
moment applied to the cover by the bolting. When the
cover plate is grooved for a peripheral gasket as
shown in sketch (j), the net cover plate thickness
under the groove or between the groove and the outer
edge of the cover plate shal l not be less than

d Wh Sd1.27 G
3 for circular heads and covers.

(i) In sketches (k), (l), and (m), C = 0.20 for a circular
plate inserted into the endof a vessel andheld in placeby 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.

(j) In sketch (n),C=0.17 for circular covers, boltedwith
a full‐face gasket, to shells, flanges, or side plates.

(k) In sketch (o), C = 0.50 for circular plates screwed
into the end of a vessel having an inside diameter d not
exceeding 12 in. (300mm), 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 deformation, including
flaring resulting from pressure and differential thermal
expansion, is based on stresses consistent with this
Article. Seal welding may be used.

(l) In sketch (p), 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 throat of the weld shall not be less
than the thickness of the flat head or shell, whichever is
greater.

(m) In Figure NE-4243.1-1, C = 0.33m but not less than
0.20 when the dimensional requirements of NE-3358.4
are met.

NE-3326 Spherically Dished Covers With Bolting
Flanges

NE-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, lb (N), acting at the inside of
the flange ring = 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, lb (N), acting at
the intersection 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, in.‐lb (kN·m), determined as in
Section III Appendices, Mandatory Appendix XI,
XI‐3230 for heads concave to pressure, and
Section III Appendices, Mandatory Appendix XI,
XI‐3260 for heads convex to pressure; except
that for heads of the type shown in Figure
NE-3326.1-1 sketch (d), HD and hD shall be as
defined in this subparagraph, and an additional
moment Hrhr 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, psi (MPa)
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r = inside knuckle radius
S = maximum allowable stress value, psi (MPa), as

defined in NE-3112.4(b)
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

2

NE-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 NE-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
NE-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 pressure.
However, for use in all of the equations which follow,
the absolute values for both P and Mo shall be used.

(a) Heads of the type shown in Figure NE-3326.1-1,
sketch (a):

(1) the thickness of the head t shall be determined by
the appropriate equation in NE-3324;

(2) the head radius L or the knuckle radius r shall not
exceed the limitations given in NE-3324;

(3) the flange shall comply with at least the require-
ments of Section III Appendices, Mandatory Appendix XI,
FigureXI‐3120‐1and shall bedesigned in accordancewith
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 NE-3326.1-1,
sketch (b):

(1) head thickness t

=t PL
S

5
6

(5)

Figure NE-3326.1-1
Spherically Dished Covers With Bolting Flanges
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(2) flange thickness T
(-a) for ring gasket

= +Ä
Ç
ÅÅÅÅÅÅÅÅ

É
Ö
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M
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A B
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o (6)

(-b) for full‐faced gasket

= +
Ä

Ç
ÅÅÅÅÅÅÅÅÅ
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B A B C B
A B

0.6
( )( ) (7)

NOTE: The radial components of the membrane load in the
spherical segment are assumed to be resisted by its flange.

Within the range of ASME B16.5, the flange facings and
drillings should conformto those Standards, and the thick-
ness specified therein shall be considered as a minimum
requirement.

(c) Heads of the type shown in Figure NE-3326.1-1,
sketch (c):

(1) Head thickness:

=t PL
S

5
6

(8)

(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 (9)

where Q, in. (mm)
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(10)

(-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 (11)

where Q, in. (mm)

= +i
k
jjj y

{
zzzQ PL

S
C B
C B4 3

(12)

(3) Flange thickness for full face gaskets shall be as
calculated in eq. (13):

= + +T Q Q
BQ C B

L
3 ( )2 (13)

The value of Q in eq. (13) is calculated by eq.
(2)( -a)(10) for round bolt ing holes or by eq .
(2)(-b)(12) for bolting holes slotted through the edge
of the head [see (2) above].

(4) The required flange thickness shall be T as calcu-
lated in eq. (b)(2)(-a)(6) or eq. (b)(2)(-b)(7) above, but in
no case less than the value of t as calculated in eq.
(b)(1)(5);

(d) Heads of the type shown in Figure NE-3326.1-1,
sketch (d):

(1) Head thickness t:

=t PL
S

5
6

(14)

(2) Flange thickness T:

= + +T F F J2 (15)

where F, in. (mm); J, in.2 (mm2)

=F PB L B
S A B

4
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2 2
(16)
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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 which takes this into
account may be used if it meets the requirements of
NE-3200. Such a method may parallel the method of analysis
and allowable stresses for flange design in Section III Appen-
dices, Mandatory Appendix XI.

NE-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.

NE-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 limited movement of the closure itself or the
locking mechanism, and any closure that is other than
manually operated, shall be so designed 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.
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(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) above
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.

NE-3327.2 OtherQuickAccess and SafetyDevices. It is
recognized that it is impractical to write detailed require-
ments to cover the multiplicity of devices used for quick
access, or to prevent negligent operation or the circum-
venting of safety devices. Any device or deviceswhichwill
provide the safeguards broadly described in NE-3327.1
will meet the intent of this Subsection.

NE-3327.3 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
NE-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.

NE-3327.4 Pressure IndicatingDevice.When installed,
all vessels having quick actuating closures shall be
provided with a pressure indicating device visible from
the operating area.

NE-3328 Combination Units

When a pressure vessel unit consists of more than one
independent pressure 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. Only the parts of chambers
which come within the scope of this Subsection need
be constructed in compliance with its provisions.

NE-3330 OPENINGS AND REINFORCEMENT

NE-3331 General Requirements for Openings

(a) For vessels or parts thereof which are not in cyclic
service, analysis showing satisfaction of the requirements
of NE-3221.1, NE-3221.2, and NE-3221.3, and NE-3221.4
in the immediate vicinity of the openings is not required
for pressure loading if the rules of NE-3330 are met.

(b) For vessels or parts thereof which are in cyclic
serv ice and do not meet the requirements of
NE-3221.5(d) for the specified Service Loads so that a

fatigue analysis is required, the rules contained in
NE-3330 assure that the stresses resulting from pressure
load satisfy only the requirements of NE-3221.1,
NE-3221.2, and NE-3221.3 in the vicinity of openings,
and no specific analysis showing satisfaction of those
stress l imits is required. The requirements of
NE-3221.4 may also be considered to be satisfied if, in
the vicinity of the nozzle, the stress intensity resulting
from external nozzle loads and thermal effects, including
gross but not local structural discontinuities, is shown by
analysis to be less than1.5Sm. In this case,whenevaluating
the requirements of NE-3221.5(e), the peak stress inten-
sities resulting frompressure loadingsmaybeobtainedby
application of the stress index method of NE-3338.

(c) Theprovisions of (a) and (b) above arenot intended
to restrict the design to any specified section thicknesses
or other design details, provided the basic stress limits are
satisfied. If it is shown by analysis that all the stress re-
quirements have been met, the rules of NE-3330 are
waived.

(d) Openings shall be circular, elliptical, or of any other
shape which results from the intersection of a circular or
elliptical cylinder with a vessel.

(e) Properly reinforced openings in cylindrical and
spherical shells are not limited as to size. Rules regarding
metal available for reinforcement are given in NE-3335.

(f) All references to dimensions apply to the finished
dimensions, excludingmaterial added as corrosion allow-
ance.

(g) Openings may be located in welded joints.

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

NE-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 21∕2 in. (64 mm).

NE-3332.2 Required Area of Reinforcement. The total
cross‐sectional area of reinforcement, A, required in any
given plane for a vessel under internal pressure shall not
be less than:

=A dt Fr

where

A = in.2 (mm2)
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, in. (mm)
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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 NE-3332.2-1 may be used for integrally
reinforcedopenings in cylindrical shells and cones.)

tr = the required thickness of a shell or head computed
by the rules of this Article for the Design Pressure,
in. (mm), except as given in (a), (b), and (c) below:

(a) when the opening and its reinforcement are
entirely within the spherical portion of a torisphe-
rical head, tr is the thickness required by
NE-3324.8(b) using M = 1;

(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 NE-3332.2-1.

At least one‐half of the required reinforcing shall be on
each side of the centerline of the opening.

NE-3332.4 Reinforcement for External Pressure. The
reinforcement required for openings in vessels designed
for external pressure need only be 50%of that required in
the equation for area in NE-3332.2, except that tr is the
wall thickness requiredby the rules for componentsunder
external pressure.

NE-3332.5 Reinforcement for Both Internal and
External Pressure. Reinforcement of vessels subject to
both internal and external pressures shall meet the re-
quirements of NE-3332.2 for internal pressure and of
NE-3332.4 for external pressure.

NE-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 formula

=A dt0.5 r

whered is asdefined inNE-3332.2and tr is the thickness in
inches which meets the requirements of NE-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 eq. NE-3325.2(b)(1), by using 2C or 0.75 in
place of C, whichever is less;

(2) in eq. NE-3325.2(b)(2), by doubling the quantity
under the square root sign.

NE-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 paragraphs.

NE-3334.1 Limit of Reinforcement Along the Vessel
Wall. The limits of reinforcement, measured along the
midsurface of the nominal wall thickness, shall meet
the following:

(a) Onehundredpercentof the required reinforcement
shall be within a distance on each side of the axis of the
opening equal to the greater of the following:

(1) the diameter of the finished opening in the
corroded condition;

Figure NE-3332.2-1
Chart for Determining Values of F
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(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 + 0.5 Rt , where R is the mean radius of shell or
head, t is the nominal vessel wall thickness, and r is the
radius of the finished opening in the corroded condition;

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

NE-3334.2 Limit of Reinforcement Normal to the
Vessel Wall. The limits of reinforcement, measured
normal to the vessel wall, shall conform to the contour
of the surface at a distance from each surface equal to
the following limits as shown in Figure NE-3334.2-1
and specified in (a), (b), and (c) below.

(a) For Figure NE-3334.2-1, sketches (a), (b), (d), and
(e):

where L ≥ 2.5tn, the limit of reinforcement equals the
larger of

+r t r t0.5 0.5 or 2.5m n n2

where L < 2.5tn, the limit of reinforcement equals
+r t r0.5 0.5m n 2

where

L = length of thickened portion of nozzle neck for
sketches (a), (b), (e), in. ( mm), or length of
nozzle for sketch (d), in. ( mm)

r2 = transition radius between nozzle and wall, in.
(mm)

ri = inside radius, in. (mm)
rm = mean radius = ri + 0.5tn
tn = nominal nozzle thickness, as indicated, in. (mm)

For the case of a nozzle with a tapered inside diameter,
the limit shall be obtained by using ri and tn values at the
nominal outside diameters of the vessel wall [Figure
NE-3334.2-1, sketch (e)].

(b) For Figure NE-3334.2-1, sketches (c) and (f):
= r tlimit of reinforcement 0.5 m n

where

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

For the case of a nozzle with a tapered inside diameter,
the limit shall be obtained by using ri and tn values at the
center of gravity of nozzle reinforcement area. These
values must be determined by a trial and error procedure
[Figure NE-3334.2-1, sketch (f)].

(c) When reinforcing pads or insert plates are used, 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 +r t t(0.5 )m n e or
(2.5tn + te), whichever is larger, where rm is the mean
nozzle radius, tn is the nozzle thickness, and te is equal
to the thickness of any added reinforcement or 1.5
times the vessel wall thickness, whichever is smaller.

NE-3335 Metal Available for Reinforcement

Metal may be counted as contributing to the area of
reinforcing called for in NE-3332, provided it lies
within the limits of reinforcement specified in NE-3334
and shall be limited tomaterial whichmeets the following
requirements:

(a) metal forming a part of the vessel wall which is in
excess of that required in accordancewith NE-3130 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) the mean coefficient of thermal expansion of metal
to be included as reinforcement under (b) or (c) above
shall bewithin15%of thevalueof thevesselwallmaterial;

(e) metal not fully continuous with the shell, as that in
nozzles attached by partial penetration welds on only one
side, shall not be counted as reinforcement;

(f) metal available for reinforcement shall not be
considered as applying to more than one opening;

(g) not less than one‐half the requiredmaterial shall be
on each side of the center line of the opening.

Table NE-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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Figure NE-3334.2-1
Nozzle Dimensions
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NE-3335.1 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 NE-3335.1-1), in accordance with
NE-3330 through NE-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 requirements 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.

(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. (1500 mm)diameter and less,
one‐half the vessel diameter, but not to exceed 20 in. (500
mm);

(2) for vessels over 60 in. (1500mm) diameter, one‐
third the vessel diameter, but not to exceed 40 in. (1000
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
NE-3361.

NE-3336 Strength of Reinforcing Material

Material used for reinforcement shall be preferably the
same as that of the vesselwall. If thematerial of the nozzle
wall or reinforcement has a lower design stress value S
than the vessel material, the amount of area provided by
the nozzle wall or reinforcement in satisfying the require-
ments of NE-3332 shall be taken as the actual area
providedmultiplied by the ratio of the nozzle or reinforce-
ment design stress value to the vessel material design
stress value. No reduction in the reinforcing 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. Depos-
ited weld metal outside of either the vessel wall or any
reinforcing pad used as reinforcement shall be credited
with an allowable stress value equivalent to the
weaker of the materials connected by the weld. Vessel‐

Figure NE-3335.1-1
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.
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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, respec-
tively.

NE-3336.1 Strength of Weld. On each side of the plane
defined inNE-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; or

(b) the strength in tension of the area defined in
NE-3332 less the strength in tension of the reinforcing
area which is integral in the vessel wall.

NE-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-
ment defined in NE-3334. For obround openings, 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 which passes through
the center of the semicircular end of the opening.

NE-3338 PressureStresses inOpenings forFatigue
Evaluation Under Operating Conditions

NE-3338.1 General. For the purpose of determining
peak stresses around the opening, three acceptable
methods are listed below.

(a) AnalyticalMethod. Thismethoduses suitable analy-
tical techniques such as finite element computer analyses,
which provide detailed stress distributions around open-
ings. In addition to peak stresses due to pressure, the
effects of other loadings shall be included. The total
peak stress at any given point shall be determined by
combining stresses due to pressure, thermal, and external
loadings in accordance with the rules of NE-3200.

(b) Experimental Stress Analysis. This is based on data
from experiments (Section III Appendices, Mandatory
Appendix II).

(c) Stress Index Method. This uses various equations
together with available data obtained from an extensive
series of tests covering a range of variation of applicable
dimensional ratios and configurations (NE-3338.2). This
method covers only single, isolated openings. Stress
indices may also be determined by theoretical or experi-
mental stress analysis.

NE-3338.2 Stress Index Method.

(a) The term stress index, as used herein, is defined as
the numerical ratio of the stress components σt, σn, and σr
under consideration to the computedmembrane stress in
the unpenetrated vessel material. However, the material
which increases the thickness of a vesselwall locally at the
nozzle shall not be included in the calculations of these
stress components. When the thickness of the vessel

wall is increased over that required to the extent provided
hereinafter, the values of r1 and r2 in Figure NE-3334.2-1
shall be referred to the thickened section.

(b) The symbols for the stress components are shown
in Figure NE-3338.2-1 and are defined as follows:

S = 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)

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

(d) The indices of Table NE-3338.2(c)-1 apply when
the conditions stipulated in (1) through (6) below exist.

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

For hillside connections in spheres or cylinders:

= +( )K K 1 2 sin2 1
2

For lateral connections in cylinders:

= +
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑK K 1 (tan )2 1

4/3

where

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

K2 = the estimated σn inside stress index for the nonra-
dial connection
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(2) The arc distance measured between the center
lines of adjacent nozzles along the inside surface of the
shell is not less than three times the sum of their
inside radii foropenings inaheadoralong the longitudinal
axis of a shell and isnot less than two times the sumof their
radii for openings along the circumference of a cylindrical
shell.

(3) The following dimensional ratios are met:

Ratio Cylinder Sphere

= D
t

Inside shell diameter
Shell thickness

10 to 100 10 to 100

= d
D

Inside nozzle diameter
Inside shell diameter

0.5, max. 0.5, max.

d
Dt

… 0.8, max.

d Dt r tn 2

1.5, max. …

In the case of cylindrical shells, the total nozzle re-
inforcement area on the transverse axis of the connec-
tions, including any outside of the reinforcement limits,
shall not exceed200%of that required for the longitudinal
axis (compared to50%permittedbyFigureNE-3332.2-1),
unless a tapered transition section is incorporated into the
reinforcement and the shell, meeting the requirements of
NE-3361.

(4) The inside corner radius r1 (FigureNE-3334.2-1)
is between 10% and 100% of the shell thickness t.

(5) The outer corner radius r2 (Figure NE-3334.2-1)
is large enough to provide a smooth transition between
the nozzles and the shell. In addition, for opening
diameters greater than 11∕2 times the shell thickness in
cylindrical shells and 2:1 ellipsoidal heads and greater
than three shell thicknesses in spherical shells, the
value of r2 shall not be less than one‐half the thickness
of the shell or nozzle wall, whichever is greater.

(6) The radius r3 (Figure NE-3334.2-1) is not less
than the greater of the following:

(-a) 0.002θdo where do is the outside diameter of
the nozzle and is as shown in Figure NE-3334.2-1 and the
angle θ is expressed in degrees;

(-b) 2(sin θ)3 times offset for the configuration
shown in Figure NE-3334.2-1, sketches (a) and (b).

Figure NE-3338.2-1
Direction of Stress Components

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

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

Nozzles in Cylindrical Shells
Longitudinal Plane Transverse Plane

Stress Inside Outside Inside Outside
σn 3.1 1.2 1.0 2.1
σt −0.2 1.0 −0.2 2.6
σr −tn/R 0 −tn/R 0
S 3.3 1.2 1.2 2.6
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NE-3350 DESIGN OF WELDED CONNECTIONS

NE-3351 Welded Joint Categories

The termCategory as usedherein defines the location of
a joint in a vessel but not the type of joint. The categories
established by this paragraph are for specifying special
requirements regarding joint type and degree of exami-
nation for certain welded pressure joints. Since these
special requirements, which are based on service, mate-
rial, and thickness, donot apply to everywelded joint, only
those joints to which special requirements apply are
included in the categories. The special requirements
will apply to joints of a given category only when speci-
fically stated. The joints included in each category are
designated as joints of Categories A, B, C, and D.
Figure NE-3351-1 illustrates typical joint locations
included in each category.

NE-3351.1 Category A. Category A comprises longitu-
dinal welded joints within the main shell or communi-
cating chambers9 transitions in diameter or nozzles;
welded joints within a sphere, within a formed or flat
head, or within the side plates10 of a flat‐sided vessel;
circumferential welded joints connecting hemispherical
heads to main shells, to transitions in diameters, to
nozzles, or to communicating chambers.

NE-3351.2 Category B. Category B comprises circum-
ferential welded joints within the main shell or commu-
nicating chambers9 nozzles or transitions in diameter
including joints between the transition and a cylinder
at either the large or small end; or circumferential
welded joints connecting formed heads other than hemi-
spherical to main shells, transitions in diameter, nozzles,
or communicating chambers.

NE-3351.3 Category C. Category C comprises welded
joints connecting flanges, Van Stone laps, tube sheets,
or flat heads to the main shell, formed heads, transitions
in diameter, nozzles, or communicating chambers9 any
welded joint connecting one side plate10 to another
side plate of a flat‐sided vessel.

NE-3351.4 Category D. Category D comprises welded
joints connecting communicating chambers9 or nozzles to
main shells, spheres, transitions in diameter, heads, or
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.

NE-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 NE-3352-1 shows typical butt welds
for each category joint.

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

NE-3352.2 Joints of Category B.

(a) All welded joints of Category B as defined in
NE-3351 shall meet the fabrication requirements of
NE-4242 and shall be capable of being examined in accor-
dance with NE-5220.

Figure NE-3351-1
Welded Joint Locations Typical of Categories A, B, C, and D
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(b) Surface examination in accordance with
NE-5280(b) may be substituted for radiographic exami-
nation required in NE-5221 for Category B butt welds in
electrical penetration assemblies subject to the following
limitations:

(1) The allowable stress for the weld joint shall be
multiplied by a factor of 0.8.

(2) P‐No. 1 basematerials shall be used for construc-
tion.

NE-3352.3 Joints of Category C. All welded joints of
Category C as defined in NE-3351 shall meet the fabrica-
tion requirements of NE-4243 and shall be capable of
being examined in accordance with NE-5230. The
minimum dimensions of Figure NE-4243-1 and Figure
NE-4243-2 shall be met where

t, tn = nominal thickness, in. (mm)
tc = 0.7tn or 1∕4 in. (6 mm), whichever is less
tw = the lesser of tn or t/2

NE-3352.4 Joints of Category D. All welded joints of
Category D as defined in NE-3351 shall be in accordance
with the requirements of NE-3359 and one of (a) through
(f) below.

(a) Butt-Welded Nozzles. Nozzles shall meet the fabri-
cation requirements ofNE-4244(a) and shall be capable of
being examined in accordance with NE-5241. The
minimum dimensions and geometrical requirements of
Figure NE-4244(a)-1 shall be met where:

r1 = 1∕4t or 3∕4 in. (19 mm), whichever is less
r2 = 1∕4 in. (6 mm) min.
t = nominal thickness of part penetrated, in. (mm)
tn = nominal thickness of penetrating part, in. (mm)

(b) Full Penetration Corner-Welded Nozzles. Nozzles
shall meet the fabrication requirements of NE-4244(b)
and shall be capable of being examined as required in
NE-5242. Inserted‐type nozzles having added reinforce-
ment in the form of a separate reinforcing plate shall be
attached by welds at the outer edge of the reinforcement

Figure NE-3352-1
Typical Butt Joints
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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 minimum
dimensions of Figure NE-4244(b)-1 shall be met where:

r1 = 1∕4t or 3∕4 in. (19 mm), whichever is less
r2 = 1∕4 in. (6 mm) min.
t = nominal thickness of part penetrated, in. (mm)
tc = 0.7tn or 1∕4 in. (6 mm), whichever is less
te = thickness of reinforcing element, in. (mm)
tn = nominal thickness of penetrating part, in. (mm)

tmin = the smaller of 3∕4 in. (19 mm) or the thickness of
the thinner of the parts joined

(c) Use of Deposited Weld Metal for Openings and
Nozzles

(1) Nozzles shall meet the requirements of
NE-4244(c) and shall be capable of being examined in
accordance with NE-5244.

(2) When the deposited weld metal is used as rein-
forcement, the coefficients of thermal expansion of the
base metal, the weld metal, and the nozzle shall not
differ bymore than15%of the lowest coefficient involved.

( 3 ) The m in imum d imens i on s o f F i gu r e
NE-4244(c)-1 shall be met where:

r1 = 1∕4t or 3∕4 in. (19 mm), whichever is less
t = nominal thickness of part penetrated, in. (mm)
tc = 0.7tn or 1∕4 in. (6 mm), whichever is less
tn = nominal thickness of penetrating part, in. (mm)

(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
smaller.

(d) Attachment of Nozzles Using Partial Penetration
Welds

(1) Welded From Both Sides
(-a) Partial penetration welds used to connect

nozzles from both sides shall meet the requirements of
NE-4244(d). Typical details are shown in Figure
NE-4244(d)-1. For inserted nozzles without reinforcing
elements, two partial penetration welds may be used
of any desired combination of fillet, single bevel, and
single J‐welds. Inserted‐type nozzles having added rein-
forcement in the form of a separate reinforcing plate are
not permitted with partial penetration welding.

( -b) The minimum dimensions of Figure
NE-4244(d)-1 shall be met where:

c = 1∕2tmin
t = nominal thickness of part penetrated, in.

(mm)
t1 or t2 = not less than the smaller 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
tmin = the smaller of 3∕4 in. (19 mm) or the thickness

of the thinner of the parts joined
tn = nominal thickness of penetrating part, in.

(mm)
tw = 0.7tn

(2) Welded From One Side
(-a) Partial penetration welds used to connect

nozzles from one side are allowed only for attachments
onwhich therearenopiping reactions.Theyshallmeet the
fabrication requirements of NE-4244(d) and shall be
capable of being examined in accordancewith the require-
ments of NE-5242.

( -b) The minimum dimensions of Figure
NE-4244(d)-2 shall be met where:

c = diametral clearance between nozzle and vessel
penetration, in. (mm)

x = 0.010 in. (0.25 mm) for d ≤ 1 in. (25 mm)
x = 0.020 in. (0.50 mm) for 1 < d ≤ 4 in. (100 mm) and
x = 0.030 in. (0.75 mm) for d > 4 in. (100 mm) max.,

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 which does meet the above limits 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 [or of the inner cylinder
as shown in Figure NE-4244(d)-3], in. (mm)

r1 = 1∕4tn or 3∕4 in. (19 mm), whichever is less
r2 = 1∕16 in. (1.5 mm) min.
r3 = r2 or equivalent chamfer, min.
r4 = 1∕2tn or 3∕4 in. (19 mm), whichever is smaller
t = nominal thickness of part penetrated, in. (mm)
tc = 0.7tn or 1∕4 in. (6 mm), whichever is less
tn = nominal thickness of penetrating part [or the lesser

of tn1 or tn2 in Figure NE-4244(d)-2], in. (mm)
λ = 1∕16 in. (1.5 mm) min.
λ = tn max.

(3) The corners to 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 of the thick-
ness tnof thepenetratingpart or 3∕4 in. (19mm),whichever
is smaller.

(4) Weld groove design for partial penetration joints
attaching nozzles may require special consideration to
achieve the minimum depth of weld and adequate
access for welding examination. The welds shown in
the sketches of Figure NE-4244(d)-2 and Figure
NE-4244(d)-3 may be on either the inside or the
outside of the shell. Weld preparation may be J‐groove
as shown in the figures or straight bevel.
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(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
provisionsofNE-4244(e) shall bemet. Theminimumweld
dimensions shall be as shown in Figure NE-4244(e)-1
where:

tc = 1∕4 in. (6 mm), min.
tmin = lesser of 3∕4 in. (19 mm) or the thickness of the parts

joined
Details in sketches (a) and (b):

t1 + t2 = 11∕4 tmin
Detail in sketch (c):

tw = thickness of Sch. 160 pipe (ASME B36.10M), in.
(mm)

t1 + t2 = not less than smaller of 1∕4 in. (6 mm) or 0.7tmin
Detail in sketch (d):

c = 1∕2tmin
tw = 0.7tmin

(2) Fittings shown in Figure NE-4244(e)-1 sketches
(a‐2), (b‐2), (c‐2), and (d) not exceeding NPS 2 (DN 50)
may be attached by welds that are exempt from size re-
quirements other than those specified in NE-3359.

(3) Openings
(-a) When internally threaded fittings and bolting

pads not exceeding NPS 3 (DN 80) are attached to vessels
havingawall thicknessnotgreater than3∕8 in. (10mm)bya
fillet weld deposited from the outside only, thewelds shall
comply with the dimensions shown in Figure
NE-4244(e)-2. These openings do not require reinforce-
ment other than that inherent in the construction as
permitted in NE-3332.1.

(-b) If the opening exceedsNPS 5 (DN125), it shall
be reinforced in accordancewithNE-3332with the nozzle
or other connections attached, using a suitable detail in
Figure NE-4244(e)-1.

(f) Attachment of Tubed Connections. 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 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 dimen-
sion for tc shall be 1∕4 in. (6 mm) [Figure NE-4244(f)-1,
sketches (a) and (b)].

NE-3355 Welding Grooves

Thedimensionsand shapeof the edges tobe joined shall
be such as to permit complete fusion and penetration,
except as otherwise permitted in NE-3352.4.

NE-3356 Fillet Welds

(a) Corner or T‐joints for Category C welds may be
made with fillet welds, provided the attachment is prop-
erly supported independently of such welds. Closures
whichmeet the requirements ofNE-3367maybe attached
by fillet welds.

(b) The allowable load on fillet welds shall equal the
product of the weld area based on minimum leg dimen-
sion, the allowable stress value in tension of the material
being welded, and the factor 0.55.

(c) Exceptwhere specific details are permitted in other
paragraphs, welded joints subject to bending stresses
shall have fillet welds added where necessary to
reduce stress concentration. Corner joints, with fillet
welds only, shall not be used unless the plates forming
the corner are properly supported independently of
such welds.

NE-3358 Design Requirements for Head
Attachments

NE-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
NE-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 NE-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. (3 mm), whichever is less. When a taper is required
on any formed head thicker than the shell and intended
for butt-welded attachment [Figure NE-3358.1(a)-1], the
skirt shall be long enough so that the required length of
taper does not extend beyond the tangent line.

NE-3358.2 Unstayed Flat HeadsWelded to Shells.The
requirements for the attachment of unstayed flat heads
welded to shells are given in NE-3325, NE-3358.3, and
NE-3358.4.

NE-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
Figures NE-4243-1 and NE-4243-2, the joint shall meet
the requirements of (a) through (e) 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.
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Figure NE-3358.1(a)-1
Heads Attached to Shells
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(a) [Notes (1), (2), and (3)]
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(c) [Notes (1), (3), (4), and (5)]
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(d) [Notes (1), (3), (4), and (5)]

(b) [Notes (1), (2), and (3)]

Tangent line

Tangent line

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 be not less than3 times ywhen tn exceeds 1.25ts;minimum length of shirt 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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(b) For flange rings of bolted flanged connections, and
for flat heads with a projection having holes for a bolted
connection, the sum of a and b shall not be less than three
times the nominal wall thickness of the abutting pressure
part.

(c) For other components, the sum of a and b shall not
be less than two times the nominal wall thickness of the
abutting pressure part. Examples of such components are
flat heads without a projection having holes for a bolted
connection and the side plates of a rectangular vessel.

(d) Other dimensions at the joint shall be in accordance
with details as shown in Figures NE-4243-1 and
NE-4243-2 where:

(1) In Figure NE-4243-1:
sketch (a)

a + b not less than 2ts
(b = 0)
tw not less than ts
ts = actual thickness of shell, in. (mm)

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

sketch (h)
a not less than 3tn
(b = 0)
c not less than tn or tD, whichever is less (tn and tD are defined
in Section III Appendices, Mandatory Appendix XI, XI-
3130)

sketch (i)
a + b not less than 3tn
c not less than tn or tD, whichever is less (tn and tD are defined
in Section III Appendices, Mandatory Appendix XI, XI-
3130)

(2) In Figure NE-4243-2:

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, in. (mm)
tc = 0.7tn or 1∕4 in. (6 mm), whichever is less
tw = the lesser of tn/2 or t/4

For all other material forms and for forged tube-
sheets, forged flat heads, and forged flanges with the
weld preparation bevel angle greater than 45 deg
measured from the face:

t, tn = nominal thicknesses of welded parts, in. (mm)
tn = 0.7tn or 1∕4 in. (6 mm), whichever is less
tw = the lesser of tn or t/2

(e) Joint details that have a dimension through the joint
less than the thickness of the shell, head, or other pressure
part, or that provide attachment eccentric thereto, are not
permissible [Figure NE-4243-1, sketches (j), (k), and (l)].

NE-3358.4 Flat Heads With Hubs. Hubs for butt
welding as shown in Figure NE-4243.1-1 shall have the
following minimum dimensions:
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

NE-3359 Design Requirements for Nozzle
Attachment Welds

In addition to the requirements of NE-3352.4, the
minimum design requirements for nozzle attachment
welds shall be as stipulated 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 prescribed
in NE-3336, through shear or tension in the weld, 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
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length. Calculations are not required for full penetration
welds.

(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%

NE-3360 SPECIAL VESSEL REQUIREMENTS

NE-3361 Tapered Transitions

A tapered transition having a length not less than three
times the offset between the adjacent surfaces of abutting
sections (Figure NE-3361-1) shall be provided at joints
between sections that differ in thickness by more than
one‐fourth the thickness of the thinner section or by
more than 1∕8 in. (3 mm), whichever is less. 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 or adjacent to it.

NE-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 B16.5, Steel Pipe Flanges and
Flanged Fittings; ASME 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 in accordance with other standards are
acceptable, provided they have been designed in accor-
dance with the rules of Section III Appendices, Mandatory
Appendix XI for the vessel Design Loadings and are used
within the pressure–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.

NE-3363 Access Openings

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

NE-3364 Attachments

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

Figure NE-3361-1
Category A and B Joints Between Sections of Unequal Thickness

GENERAL NOTE: Length of taper may include the width of the weld.
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NE-3365 Supports

All vessels shall be so supported and the supporting
members shall be so arranged and attached to the
vessel wall as to provide for the maximum imposed load-
ings. The stresses produced in the vessel by such loadings
and by steady state and transient thermal conditions shall
be limited to the stress limits of this Subsection. Fordesign
of supports, see Subsection NF.

NE-3366 Bellows Expansion Joints

NE-3366.1 General Requirements.11 Expansion or
bellows‐type joints may be used to provide flexibility
for containment systems. Expansion joints in piping
portions of the containment system shall meet the re-
quirements for Class 2 piping. The expansion joints
which are constructed as a part or appurtenance of the
vessel shall conform to this Subsection and shall
conform with the requirements of (a) through (h) below.

(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 either by pressure or the bellows spring
force or both must 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 which 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 (7.6 m/s)
(2) water and other liquids — 10 ft/sec (3 m/s)

(g) Pressure-retaining materials shall conform to the
requirements of Article NE-2000. Convolutions or
toroids of a bellows expansion joint shall be fabricated
from material in the annealed condition.

(h) Allwelded joints in the expansion joint shall comply
with the requirements of NE-4400 and NE-4800.

NE-3366.2 Design Requirements. Bellows may be of
the unreinforced or reinforced convoluted type or the
toroidal type. The design shall conform to Article
NE-3000 except as stipulated in (a) through (j) below.

(a) The circumferential membrane stresses in both the
bellowsandthereinforcingmember,due topressure, shall
not exceed the allowable stress value for the material at
the design temperature as defined in NE-3112.4(b).

(b) The sum of the bellows meridional membrane and
bending stresses due to internal pressure shall not exceed
a value which results in a permanent decrease in the
measured space between adjacent convolutions of 7%
after the pressure test required by NE-6230.

(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 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 which 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 of universal joints subjected to lateral offset
movement, an instability condition as previously defined
may or may not appear. Instead, movement of the convo-
lutions 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 deformation 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:
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× =K S Ss f

where

Ks = Ksc × Kss, but never less than 1.25
Ksc = factor for differences in design fatigue curves at

temperatures greater than 100°F (38°C), and is
equal to:

+
S

S S
2 c

c h

Kss = factor for the statistical variation in test
results = 1.470 − 0.044 times the number of repli-
cate tests

S = total combined meridional membrane and
bending stress, psi (MPa), due to pressure and
deflection (the calculation of the individual
stress components and their combination shall
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,
psi (MPa)

Sc = basic material allowable stress value at room
tempera ture , p s i (MPa) , a s de f ined in
NE-3112.4(b)

Sf = total combinedstress to failure atdesign cyclic life,
psi (MPa), (number of cycles to failure) obtained
fromplots 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; 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, psi (MPa), as defined in
NE-3112.4(b)

(e) Compliance with (a), (b), (c), and (d) above shall be
demonstrated by any one of the procedures of (1) through
(3) below.

(1) Calculation of the individual stresses, whose
combination and relation to fatigue lifemay be performed
byanyanalyticalmethodbasedonelastic shell theory. The
resulting equations shall be substantiated by correlation
with actual tests of a consistent series of bellows of the
same basic design (unreinforced, reinforced, and toroidal
bellows are considered as separate designs) by each
bellows manufacturer in order to demonstrate predict-
ability of rupture pressure, meridional yielding,
squirm, and cyclic life. A minimum of five burst tests
onbellowsof varying sizes,withnot less than three convo-
lutions, 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 equiva-
lent cold pressure rating. A minimum of ten squirm tests
on bellows of varying diameters and number of convolu-
tions shall be conducted to verify that the analytical
method will adequately satisfy (c) above. Since column
instability is most likely to occur in bellows less than
20 in. (500 mm) in diameter when the convoluted
bellows length is greater than its diameter, the test speci-
mens 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 plot (versus
the combined stress) used in evaluating (d) shall be
obtained from the results of at least 25 fatigue tests on
bellows of varying diameters, thicknesses, and convolu-
tion profiles. These curves may be used for diameter and
convolutionprofilesother 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 determining 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 accordancewith (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 that the number of convolutions is not
less than three and the diameter, thickness, depth, and
pitch of the specimen is identical to the part to be fur-
nished. Squirm test specimens shall possess the total
number of convolutions. The pressure test required by
NE-6230 shall satisfy the instability test requirements
for bellows larger than 50 in. (1300 mm) in diameter.

(-a) The test of (1) or (2) abovemay be conducted
at room temperature provided that cold service pressure
is defined as the Design Pressuremultiplied by the ratio of
Sc/Sh for rupture specimens and Ec/Eh for squirm speci-
mens.

(-b) The fatigue life of the test specimen shall
exceed Ks

4.3 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
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assuming that the slopeof the fatigue curve is 4.3 (ona log‐
log plot) and that the curve passes through the test point.

(3) An individual designmay be shown to comply by
a design analysis in accordance with NE-3200. The
stresses at every point in the bellows shall be determined
by either elastic shell theory or by aplastic analysis,where
applicable. Where an elastic analysis is employed, stress
intensity of Section II, Part D, Subpart 1, Tables 2A, 2B, and
4 and fatigue curves of Section III Appendices, Mandatory
Appendix I may be used to evaluate the design. The sta-
bility requirements of (c) above may be demonstrated by
either (-a) or (-b) below:

(-a) elastic stability calculations, provided that the
ratio of the internal pressure at which the bellows is
predicted to become unstable to the equivalent cold oper-
ating pressure exceeds 10; or

(-b) the pressure test of NE-6230, provided that
the test is conducted at 2.25 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. [The pressure test
required by NE-6230 shall satisfy the instability test re-
quirements for bellows larger than 50 in. (1300 mm) in
diameter.]

(f) The bellows manufacturer’s design report shall
state which of the above procedures was utilized to
verify the design.

(g) If there are twoormore types of stress cycleswhich
produce significant stresses, their cumulative effect shall
be evaluated as stipulated in NE-3221.5(e)(5).

(h) Where necessary to carry the pressure, the cylin-
drical ends of the bellows may be reinforced by suitable
collars; the designmethod used to assure 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.

(i) If reinforcing rings are used, they shall have the
same radius as the root of the convolution.

(j) The Design Specifications shall state the maximum
allowable force that can be imposed on the connecting
parts or shall request the bellows manufacturer to deter-
mine the force necessary to deflect the bellows a given
distance, preferably the maximum movement to be
absorbed.

NE-3367 Closures on Small Penetrations

Closures on penetrations of NPS 2 (DN 50) or less may
bemade by the use of closure fittings such as blind flanges,
welded plugs, or caps manufactured in accordance with
standards listed in Table NCA‐7100‐1.

NE-3700 ELECTRICAL AND MECHANICAL
PENETRATION ASSEMBLIES

NE-3720 DESIGN RULES

(a) The design of the pressure-retaining portion of the
electrical and mechanical penetration assemblies shall be
the same as for vessels (NE-3300).

(b) For closing seams in electrical and mechanical
penetrations meeting the requirements of NE-4730(c),
the closure head shall meet the requirements of
NE-3325 using a factor C = 0.30. The fillet weld shall
be designed using an allowable stress of 0.5Smc.
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ARTICLE NE-4000
FABRICATION AND INSTALLATION

NE-4100 GENERAL REQUIREMENTS

NE-4110 INTRODUCTION

Containment vessels, penetration assemblies, and
appurtenances shall be fabricated and installed in accor-
dance with the requirements of this Article, and shall be
manufactured from materials which meet the require-
ments of Article NE-2000.

NE-4120 CERTIFICATION OF MATERIAL AND
FABRICATION BY COMPONENT
CERTIFICATE HOLDER

NE-4121 Means of Certification

The Certificate Holder for an item for a containment
vessel shall certify by application of the appropriate Certi-
fication Mark and completion of the appropriate Data
Report in accordance with Article NCA‐8000 that the
materials used comply with the requirements of
Article NE-2000, and that the fabrication complies with
the requirements of this Article.

NE-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 the results of all required tests, repairs,
and examinations performed shall be available to the
Inspector.

NE-4121.2 Repetition of Tensile or Impact Tests. If
during the fabrication of the vessel the material is
subjected to heat treatment that has not been covered
by treatment of the test coupons (NE-2200) and that
may reduce either the 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 coupons which have been taken and
treated in accordance with the requirements of Article
NE-2000.

NE-4122 Material 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, the marks shall be either transferred to the
parts cut or a coded marking shall be used to assure 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, and nuts, it is permissible to identify
the Certified Material Test Reports for material in each
component in lieu of identifying each piece of material
with the Certified Material Test Report and the coded
marking. Material supplied with a Certificate of Compli-
ance and welding materials shall be identified and
controlled so that they can be traced to the vessel, or
else a control procedure shall be employed which
ensures that the specified material is 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.

NE-4122.1 MarkingMaterial.Material shall bemarked
in accordance with NE-2150.

NE-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 NE-4000,may be performed by the personswho
performor supervise thework. These visual examinations
are not required to be performed by personnel and proce-
dures qualified to NE-5500 and NE-5100, respectively,
unless so specified.

NE-4125 Testing of Welding Material

All welding material shall meet the requirements of
NE-2400.
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NE-4130 REPAIR OF MATERIAL

NE-4131 Elimination and Repair of Defects

Material originally accepted on delivery in which
defects exceeding the limits of NE-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 NE-2500 for the applicable product form, except:

(a) the limitation on the depth of the weld repair does
not apply;

(b) the time of examination of the weld repairs to weld
edge preparations shall be in accordance with NE-5130;
and

(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.

NE-4200 FORMING, FITTING, AND ALIGNING

NE-4210 CUTTING, FORMING, AND BENDING

NE-4211ð21Þ Cutting

Materials may be cut to shape and size by mechanical
means, such asmachining, shearing, chipping, or grinding,
or by thermal cutting.

NE-4211.1 Preheating Before Thermal Cutting. When
thermal cutting is performed to prepare weld joints or
edges, to remove attachments or defective material, or
for any other purpose, consideration shall be given to
preheating the material using preheat schedules such
as suggested in Section III Appendices, Nonmandatory
Appendix D.

NE-4212 Forming and Bending Processes

Any process may be used to hot or cold form or bend
pressure-retaining material, including weld metal,
provided the required dimensions are attained (see
NE-4214 and NE-4220), and provided the impact proper-
ties of thematerial, when required, are not reduced below
the minimum specified values or they are effectively
restored by heat treatment following the forming opera-
tion. Hot forming is defined as forming with the material
temperature higher than 100°F (56°C) below the lower
transformation temperature of the material. When
required, the process shall be qualified for impact proper-
ties as outlined in NE-4213.

NE-4212.1 Required Postweld Heat Treatment. Vessel
shell sections and heads of P‐No.1 material fabricated by
cold forming shall be postweld heat treated when the
resulting maximum extreme fiber elongation is more
than 5%.

NE-4213 Qualification of Forming Processes for
Impact Property Requirements

A procedure qualification test shall be conducted using
specimens taken from material of the same specification,
grade or class, heat treatment, and with similar impact
properties as required for the material in the vessel.
These specimens shall be subjected to the equivalent
forming or bending process and heat treatment as the
material in the vessel. Applicable tests shall be conducted
to determine that the required impact properties of
NE-2300 are met after straining.

NE-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 material represented by test coupons
required in either NE-2211 or NE-4121.2 which have
been subjected to heat treatment representing the hot
forming procedure and the heat treatments to be
applied to the parts;

(c) material which does not require impact tests in
accordance with NE-2300;

(d) material which has 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

NE-2300 is performed on each heat and lot, as applicable,
after forming.

NE-4213.2 Procedure Qualification Test. The proce-
dure qualification test shall be performed in the
manner stipulated in (a) through (f) below.

(a) The tests shall be performed on three different
heats of material both before and after straining to estab-
lish the effects of the forming and subsequent heat treat-
ment operations.

(b) Specimens shall be taken in accordance with the
requirements of Article NE-2000 and shall be taken
from the tension side of the strained material.

(c) The percent strain shall be established by the
following equations.
For cylinders:
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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) SufficientCv test specimensshall be taken fromeach
of the threeheatsofmaterial toestablisha transitioncurve
showing both the upper and lower shelves. On each of the
three heats, tests consisting of three impact specimens
shall be conductedat aminimumof fivedifferent tempera-
tures distributed throughout the transition region. The
upper and lower shelves may be established by the
use of one test specimen for each shelf. Depending on
theproduct form, itmaybenecessary toplot the transition
curves using both lateral expansion and energy level data
(NE-2300). In addition, drop weight tests shall be made
when required by NE-2300.

(f) Using the results of the impact test data fromeach of
three heats taken both before and after straining, deter-
mine either:

(1) the maximum change in NDT temperature along
with:

(-a) themaximum change of lateral expansion and
energy at the temperature under consideration; or

(-b) the maximum change of temperature at the
lateral expansion and energy levels under consideration;
or

(2) when lateral expansion is the acceptance
criterion (NE-2300), either the maximum change in
temperature or themaximumchange in lateral expansion.

NE-4213.3 Acceptance Criteria for Formed Material.
To be acceptable, the formed material used in the
vessel shall have impact properties before forming suffi-
cient to compensate for themaximum loss of impact prop-
erties due to the qualified forming procedure used.

NE-4213.4 Requalification.Anewprocedurequalifica-
tion test is requiredwhen any of the following changes are
made:

(a) the actual postweld heat treatment time at
temperature is greater than previously qualified, consid-
ering NE-2211:

(1) if the material is not postweld heat treated, the
procedure shall be qualified without postweld heat treat-
ment;

(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.

NE-4214 Minimum Thickness of Fabricated
Material

If any fabricationoperationreduces the thicknessbelow
the minimum required to satisfy the rules of Article
NE-3000, the material may be repaired in accordance
with NE-4130.

NE-4220 FORMING TOLERANCES

NE-4221 Tolerance for Vessel Shells

Cylindrical, conical, or spherical shells of a completed
vessel, except for formed heads covered byNE-4222, shall
meet the requirements of the following subparagraphs at
all cross sections. If the plates are to be rolled, the
adjoining edges of longitudinal joints of cylindrical
vessels shall first be shaped to the proper curvature by
preliminary rolling or forming in order to avoid having
objectional flat spots along the completed joints.

NE-4221.1 Maximum Difference in Cross‐Sectional
Diameters. The difference between the maximum and
minimum inside diameters at any cross section shall
not exceed 1% of the nominal diameter 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 NE-4221.1-1). When the cross section
passes through an opening, the permissible difference
in inside diameters given above may be increased by
2% of the inside diameter of the opening.

NE-4221.2 MaximumDeviation FromTrue Theoretical
Form for External Pressure.Vessels designed for external
pressure shall meet the following tolerances.

(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

Figure NE-4221.1-1
Maximum Difference in Cross‐Sectional Diameters
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maximum permissible deviation obtained from Figure
NE-4221.2-1. Measurements shall be made from a
segmental circular template having the design inside
or outside radius (depending onwhere themeasurements
are taken) and a chord length equal to twice the arc length
obtained from Figure NE-4221.2-2. For Figure
NE-4221.2-1, the maximum permissible deviation e
need not be less than 0.3t. For Figure NE-4221.2-2, the
arc length neednot be greater than0.30Do. Measurements
shall not be taken on welds or other raised parts.

(b) The value of t in in. (mm) at any cross section is the
nominal plate thickness less corrosion allowance for
sections of constant thickness and the nominal thickness
of the thinnest plate less corrosion allowance for sections
having plates of more than one thickness.

(c) The value of L in Figures NE-4221.2-1 and
NE-4221.2-2 is determined as follows:

(1) For cylinders, L is as given in NE-3133.2.
(2) For cones, L is the axial length of the conical

section if no stiffener rings are used or, if stiffener
rings are used, the axial length from the head bend
line at the large end of the cone to the first stiffener
ring, with Do taken as the outside diameter in inches
of the cylinder at the large end of the cone.

(3) For spheres, L is one‐half of the outside diameter
Do, in. (mm).

NE-4221.3 Deviations From Tolerances. Deviations
from the tolerance requirements stipulated in
NE-4221.1 and NE-4221.2 are permitted, provided the
drawings are modified and reconciled with the Design
Report and provided the modifications are certified by
a Certifying Engineer in an addendum to the Design
Report.

NE-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.

NE-4221.5 Localized Thin Areas. Localized thin areas
are permitted if the adjacent areas surrounding each has
sufficient thickness to provide the necessary reinforce-
ment according to the rules for reinforcement inNE-3330.

NE-4222 Tolerances for Formed Vessel Heads

The tolerance for formed vessel heads shall be as set
forth in the following subparagraphs.

Figure NE-4221.2-1
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NE-4222.1 Maximum Difference in Cross‐Sectional
Diameters. The skirt or cylindrical end of a formed
head shall be circular to the extent that the difference
in inches (mm) between the maximum and minimum
diameters does not exceed the lesser of

(U.S. Customary Units)

+ +andD D50
200

12
100

(SI Units)

+ +andD D1 250
200

300
100

whereD is thenominal insidediameter, in. (mm), and shall
match the cylindrical edge of the adjoining part within the
alignment tolerance specified in NE-4232.

NE-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, or inside the specified shape by
more than 5∕8% of D, where D is the nominal inside
diameter of the vessel. Such deviations shall be measured
perpendicular to the specified shape and shall not be
abrupt. The knuckle radius shall not be less than specified.
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 inNE-4221.2, using L as the outside spherical radius
in inches and Do as two times L.

(c) Deviation measurements shall be taken on the
surface of the base material and not on welds.

Figure NE-4221.2-2
Maximum Arc Length for Determining Plus or Minus Deviation
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NE-4230 FITTING AND ALIGNING

NE-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.

NE-4231.1 Tack Welds. Tack welds used to secure
alignment shall be either 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.

NE-4232 Maximum Offset of Aligned Sections

(a) Alignment of sections shall be such that the
maximum offset of the finished weld will not be
greater than the appl i cab le amount l i s ted in
Table NE-4232-1, where t is the nominal thickness of
the thinner section at the joint.

(b) Joints in spherical vessels, joints within heads, and
joints between cylindrical shells and hemispherical heads
shall meet the requirements in Table NE-4232-1 for lon-
gitudinal joints.

NE-4232.1 Fairing of Offsets. Any offset within the
allowable tolerance provided above shall be faired to
at least a 3:1 taper over the width of the finished
weld, or, if necessary, by adding additional weld metal
beyond what would otherwise be the edge of the weld.
In addition, offsets greater than those stated in
Table NE-4232-1 are acceptable provided the require-
ments of NE-3200 are met.

NE-4240 REQUIREMENTS FOR WELD JOINTS

NE-4241 Category A Weld Joints

Category A weld joints shall be full penetration butt-
welded joints. Joints that have been welded from one
side with backing that has been removed, and those
welded from one side without backing, are acceptable
as full penetration welds provided the weld root side
of the joints meet the requirements of NE-4424.

NE-4242 Category B Weld Joints

Category B weld joints shall be full penetration butt-
welded joints, except that NPS 2 (DN 50) and smaller
pipe sizes may be socket welded. Joints made with
consumable inserts or gas backup, or with metal
backing rings or strips which are later removed, are ac-
ceptable as full penetration joints. When used, backing
strips shall be continuous in cross section. Joints prepared
with opposing lips to form an integral backing strip and
joints with backing stripswhich are not later removed are
acceptable.

NE-4243 Category C Weld Joints

Category Cweld joints shall be full penetration joints, as
shown in Figures NE-4243-1 and NE-4243-2, except that
socket welded flanges of NPS 2 (DN 50) and less and slip‐
on flanges may be used.

NE-4243.1 Flat Heads and Tubesheets With Hubs.
Hubs for butt welding to the adjacent shell, head, or
other pressure part, as in Figure NE-4243.1-1, 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 elonga-
tion specified for thematerial, in a direction parallel to the
axis of the vessel. Proof of this shall be furnished by a
tension test specimen, subsize if necessary, taken in
this direction and as close to the hub as is practical.12
In no case shall the height of the hub be less than 1.5
times the thickness of the pressure part to which it is
welded.

NE-4244 Category D Weld Joints

CategoryDand similarweld joints shall beweldedusing
one of the details of (a) through (g) below.

(a) Butt-Welded Nozzles. Nozzles shall be attached by
full penetrationbuttwelds througheither the vessel or the
nozzle wall, as shown in Figure NE-4244(a)-1. Backing
strips, if used, may be left in place.

(b) Full Penetration Corner-Welded Nozzles. Nozzles
shall be attached by full penetration welds through the
wall of the vessel or nozzle similar to those shown in
Figure NE-4244(b)-1. When complete joint penetration
cannot be verified by visual examination or other

Table NE-4232-1
Maximum Allowable Offset in Final Welded Joints

Section Thickness,
in. (mm)

Longitudinal,
in. (mm)

Circumferential,
in. (mm)

Up to 1∕2 (13), incl. 1∕4t 1∕4t
Over 1∕2 to 3∕4 (13 to 19), incl. 1∕8 (3) 1∕4t
Over 3∕4 to 11∕2 (19 to 38), incl. 1∕8 (3) 3∕16 (5)
Over 11∕2 to 2 (38 to 50), incl. 1∕8 (3) 1∕8t
Over 2 (50) Lesser of 1∕16t

and 3∕8 (10)
Lesser of 1∕8t
and 3∕4 (19)
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Figure NE-4243-1
Attachment of Pressure Parts to Plates to Form a Corner Joint

NOTES:
(1) For unstayed flat heads, see NE-3325; ts, tp, and tw are as defined in NE-3325.1.
(2) For definitions of a and b, see NE-3358.3.
(3) c and tn are as defined in Section III Appendices, Mandatory Appendix XI, XI-3130.
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Figure NE-4243-2
Acceptable Types of Full Penetration Weld Details for Category C Joints

GENERAL NOTE: t and tn are nominal thickness.
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Figure NE-4243.1-1
Typical Flat Heads

GENERALNOTE: Not permissible if machined from rolled plate. The tension test specimenmay be located, when possible, inside the forged hub,
instead of outside, as shown.
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Figure NE-4244(a)-1
Nozzles Attached by Full Penetration Butt Welds
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GENERAL NOTE: For definition of symbols, see NE-3352.4(a).
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Figure NE-4244(b)-1
Nozzles Attached by Full Penetration Corner Welds

GENERAL NOTE: For definition of symbols, see NE-3352.4(b).
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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) UseofDepositedWeldMetal forOpeningandNozzles.
Nozzles shall be joined to the vessel by full penetration
weld to built‐up weld deposits which may be applied
to either the vessel or nozzle wall as shown in
Figure NE-4244(c)-1. Backing strips, if used, may be
left in place. Fillet welds shall be used in the attachment
of nozzles 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) Attachment of Nozzles Using Partial Penetration
Welds. Partial penetration welds shall meet the require-
ments of NE-3352.4(d) and NE-3359. Nozzles shall be
attached as shown in Figure NE-4244(d)-1, Figure
NE-4244(d)-2, or Figure NE-4244(d)-3.

(e) Attachment of Fittings With Internal Threads.
Internally threaded fittings shall be attached by a full
penetration groove weld, or for NPS 2 (DN 50) 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
NE-4244(e)-1, sketch (c‐3). Internally threaded fitting
and bolting pads not exceeding NPS 3 (DN 80), as
shown in Figure NE-4244(e)-2, may be attached to
vessels 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 NE-3352.4(e) shall be
met for all vessels.

(f) Tubed Connections. Nozzles or tubes recessed into
thick walled components or parts may be welded from
on ly one s ide prov ided the requ i rements o f
NE-3352.4(f) are met. Typical connections are shown
in Figure NE-4244(f)-1.

(g) Reinforcing Plates. 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] that may be tapped for a preliminary
compressed air and soapsuds test for tightness of
welds. These telltale holes may be left open or 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.

NE-4300 WELDING QUALIFICATIONS

NE-4310 GENERAL REQUIREMENTS

NE-4311 Types of Processes Permitted

Only those welding processes which are capable of
producing welds in accordance with the welding proce-
dure qualification requirements of Section IX and this

Subsection may be used for welding pressure-retaining
material or attachments thereto. Any process used
shall be such that the records required by NE-4320
can be prepared, except that records for stud welds
shall be traceable to the welders and welding operators
and not necessarily to each specific weld.

NE-4311.1 Stud Welding Restrictions. Stud welding is
acceptable only for nonstructural and temporary attach-
ments (NE-4435). Studs shall be limited to 1 in. (25 mm)
maximum diameter for round studs and an equivalent
cross‐sectional area for studs of other shapes when
welding in the flat position and 3∕4 in. (19 mm) diameter
for all other welding positions. Postweld heat treatment
shall comply with NE-4600, except that time at tempera-
ture need not exceed 1∕2 hr, regardless of base material
thickness. Welding procedure and performance qualifica-
tion shall comply with the requirements of Section IX.

NE-4311.2 Capacitor Discharge Welding. Capacitor
discharge welding may be used for welding temporary
attachments and permanent nonstructural attachments
provided:

(a) temporary attachments are removed in accordance
with the provisions of NE-4435(b); and

(b) the energy output for permanent nonstructural
attachments such as strain gages and thermocouples is
limited to 125 W‐sec and the minimum thickness of
the material to which the attachment is made is
greater than 0.09 in. (2.3 mm); and

(c) a Welding Procedure Specification is prepared
describing the capacitor discharge equipment, the combi-
nationofmaterials tobe joined, and the techniqueof appli-
cation; qualification of the welding procedure is not
required.

NE-4311.4 Inertia and Continuous Drive Friction
Welding. Inertia and continuous drive friction welding
shall not be used in the fabrication of containment vessels.

NE-4320 WELDING QUALIFICATIONS, RECORDS,
AND IDENTIFYING STAMPS

NE-4321 Required Qualifications

(a) Each Certificate Holder is responsible for the
welding done by his organization, and he shall establish
the procedure and conduct the tests required by this
Article and by Section IX in order to qualify both the
welding procedures and the performance of welders
and welding operators who apply these procedures.

(b) Procedures,welders, andweldingoperatorsused to
join permanent or temporary attachments to pressure
parts and to make permanent or temporary tack welds
used in such welding shall also meet the qualification re-
quirements of this Article.
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Figure NE-4244(c)-1
Deposited Weld Metal for Openings and Nozzles
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GENERAL NOTE: For definition of symbols, see NE-3352.4(c).
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Figure NE-4244(d)-1
Acceptable Types of Welded Nozzles Using Partial Penetration Welds

GENERAL NOTE: For definition of symbols, see NE-3352.4(d).
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Figure NE-4244(d)-2
Partial Penetration Weld Connections
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GENERAL NOTE: For definition of symbols, see NE-3352.4(d).

NOTES:
(1) The 3∕4tn minimum dimension applies to the fillet leg and groove depth.
(2) Weld deposit, if used, shall be examined as required by NE-5244.
(3) Weld buildups are not attached to the nozzle.
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Figure NE-4244(d)-3
Partial Penetration Weld Connections for Coaxial Cylinders

GENERAL NOTE: For definition of symbols, see NE-3352.4(d).

Figure NE-4244(e)-1
Acceptable Types of Fittings With Internal Threads

GENERAL NOTE: For definition of symbols, see NE-3352.4(e).
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Figure NE-4244(e)-2
Acceptable Types of Small Fittings
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GENERAL NOTES:
(a) Max. shell thickness = 3∕8 in. (10 mm)
(b) Max. internal thread diameter = 31∕2 in. (89 mm)
(c) Max. dimension of opening in shell = no greater than 53∕8 in. (135 mm) or 0.5 × shell diameter
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(c) When making procedure test plates for butt welds,
considerationshall begiven to theeffectof angular, lateral,
and end restraint on the weldment. This applies partic-
ularly to material and weld metal of 80.0 ksi (550
MPa) tensile strength or higher and heavy sections of
both low and high tensile strength material. The addition
of restraint during welding may result in cracking diffi-
culties that otherwise might not occur.

NE-4322 MaintenanceandCertificationofRecords

The Certificate Holder shall maintain a record of his
qualified welding procedures and of the welders and
welding operators qualified by him, showing the date
and results of tests and the identification mark assigned
to each welder. These records shall be reviewed, verified,
and certified by the Certificate Holder by signature or
some other method of control in accordance with the
Certificate Holder’s Quality Assurance Program and
shall be available to the Authorized Nuclear Inspector.

NE-4322.1 Identification of Joints by Welder or
Welding Operator.

(a) Each welder or welding operator shall apply the
identification mark assigned to him by the Certificate
Holder on or adjacent to all permanent welded joints
or series of joints on which he welds. The marking
shall be at intervals of 3 ft (1 m) or less and shall be

done with either blunt nose continuous or blunt nose
interrupted dot die stamps. As an alternative, the Certi-
ficate Holder shall keep a record of permanent welded
joints in each item, and of the welders and welding opera-
tors used in making each of the joints.

(b) When a multiple number of permanent structural
attachment welds, nonstructural welds, fillet welds,
socket welds, welds of specially designed seals, weld
metal cladding, hard surfacing and tube‐to‐tubesheet
welds, are made on an item, the Certificate Holder
need not identify the welder or welding operator who
welded each individual joint, provided:

(1) the Certificate Holder maintains a system that
will identify the welders or welding operators who
made such welds on each item so that the Inspector
can verify that the welders or welding operators were
all properly qualified;

(2) thewelds in eachcategory are all of the same type
and configuration and are welded with the same welding
procedure specification.

(c) The identification of welder or welding operator is
not required for tack welds.

Figure NE-4244(f)-1
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NE-4323 Welding Prior to Qualifications

No welding shall be undertaken until after the welding
procedureswhich are to be used have been qualified. Only
welders andwelding operatorswho are qualified in accor-
dance with NE-4320 and Section IX shall be used.

NE-4324 Transferring Qualifications

The welding procedure qualifications and the perfor-
mance qualification tests for welders and welding opera-
tors conducted by one Certificate Holder shall not qualify
welding procedures and shall not qualify welders or
welding operators to weld for any other Certificate
Holder, except as provided in Section IX.

NE-4330 GENERAL REQUIREMENTS FOR
WELDING PROCEDURE QUALIFICATION
TESTS

NE-4331 Conformance to Section IX Requirements

All welding procedure qualification tests shall be in
accordancewith the requirements of Section IX as supple-
mented by the requirements of this Article.

NE-4333 Heat Treatment of QualificationWelds of
Ferritic Material

Postweld heat treatment of procedure qualification
welds shall conform to the applicable requirements of
NE-4600 and Section IX. The postweld heat treatment
time at temperature shall be at least 80% of the
maximum time to be applied to the weld material. The
postweld heat treatment total time may be applied in
one heating cycle.

NE-4334 Preparation of Test Coupons and
Specimens

(a) Removal of test coupons from the test weld and the
dimensions of specimens made from them shall conform
to the requirements of Section IX, except that the removal
of impact test coupons and the dimensions of impact test
specimens shall be in accordance with (b) below.

(b) Weld deposit of each process in a multiple process
weld shall, where possible, be included in the impact test
specimens. When each process cannot be included in the
full‐size impact test specimen at the 1∕4t location required
by this Section, additional full‐size specimens shall be
obtained from locations in the test weld that will
ensure that at least a portion of each process has been
included in full‐size test specimens. As an alternative,
additional test welds can be made with each process
so that full‐size specimens can be tested for each process.

NE-4334.1 Coupons Representing the Weld Deposits.
Impact specimen and testing methods shall conform to
NE-2321. The impact specimen shall be located so that
the longitudinal axis of the specimen is at least 1∕4t,

and where the thickness of the test assembly permits,
not less than 3∕8 in. (10 mm) from the weld surface of
the test assembly. In addition, when the postweld heat
treatment temperature exceeds the maximum tempera-
ture specified in NE-4620, and the test assembly is
cooled at an accelerated rate, the longitudinal axis of
the specimen shall be a minimum of t from the edge of
the test assembly. The specimen shall be transverse to
the longitudinal axis of the weld with the area of the
notch located in the weld. The length of the notch of
the Charpy V‐notch specimen shall be normal to the
surface of the weld. Where drop weight specimens are
required, the tension surface of the specimen shall be
oriented parallel to the surface of the test weld assembly.

NE-4334.2 Coupons Representing the Heat‐Affected
Zone. Where impact tests of the heat‐affected zone are
required by NE-4335.2, specimens shall be taken from
the welding procedure qualification test assemblies in
accordance with (a) through (c) below.

(a) If the qualification test material is in the form of a
plate or a forging, the axis of the weld shall be oriented
either parallel or perpendicular to the principal direction
of rolling or forging.

(b) The heat‐affected zone impact test specimens and
testing methods shall conform to the requirements of
NE-2321.2. The specimens shall be removed from a loca-
tion as near as practical to a depth midway between the
surface and center thickness. The coupons for heat‐
affected zone impact specimens shall be taken transverse
to the axis of the weld and etched to define the heat‐
affected zone. The notch of the Charpy V‐notch specimen
shall be cut approximately normal to the material surface
in such amanner as to include asmuch heat‐affected zone
as possible in the resulting fracture. Where the material
thickness permits, the axis of a specimen may be inclined
to allow the root of the notch to align parallel to the fusion
line. When a grain refining heat treatment is not
performed onweldsmade by the electroslag or electrogas
welding process, the notch for the impact specimens shall
be located in the grain coarsened region.

(c) For the comparison of heat‐affected zone values
with base material values [NE-4335.2(b)], Charpy
V‐notch specimens shall be removed from the unaffected
basematerial at approximately the samedistance fromthe
basematerial surface as the heat‐affected zone specimens.
Theaxisof theunaffectedbasematerial specimens shall be
parallel to the axis of the heat‐affected zone specimens,
and the axis of the notch shall be normal to the surface of
the base material.

NE-4335 Impact Test Requirements

When materials are required to be impact tested per
NE-2300, impact tests of theweldmetal and heat‐affected
zone shall be performed in accordance with the following
subparagraphs. Exemption from impact testing under
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NE-2311(a)(8) does not apply for weld metal unless the
speci f ic weld metal used is included in Table
NE-2311(a)-1. Exemption from impact testing of the
heat‐affected zone of those base materials exempted
by NE-2311(a)(8) is not permitted. The weld procedure
qualification impact test specimens shall be prepared and
tested in accordance with the applicable requirements of
NE-2330 and NE-4334. Retests in accordance with the
provisions of NE-2350 are permitted.

NE-4335.1 Impact Tests of Weld Metal.

(a) Impact tests of the weld metal shall be required for
welding procedure qualification tests for productionweld
joints exceeding 5∕8 in. (16mm) in thicknesswhen theweld
ismadeon the surface or penetrates thebasematerial that
requires impact testing in accordance with NE-2310. In
addition, such testing of the weld metal is required for
the welding procedure qualification tests for any weld
repair to base material that requires impact testing in
accordance with NE-2310, regardless of the depth of
the repair. Exemption from impact testing under
NE-2311(a)(8) does not apply for weld metal of
welding procedure qualification tests for either produc-
tion weld joints or base material repairs, unless the spe-
cific weld metal used is included in Table NE-2311(a)-1.

(b) The impact test requirements and acceptance stan-
dards forweldingprocedurequalificationweldmetal shall
be the same as specified in NE-2330 for the base material
to beweldedor repaired.Where twomaterialswhichhave
different fracture toughness requirements are to be joined
by welding, the test requirements and acceptance stan-
dards of either material may be used for the weld
metal, except where otherwise specified by NCA‐1230
or other parts of this Section.

(c) A Welding Procedure Specification qualified to the
impact testing requirements of Subsection NB or Subsec-
tion NC may be accepted as an alternative to the Welding
Procedure Specification impact testing requirements of
this Subsection.

NE-4335.2 Impact Tests of Heat‐Affected Zone.

(a) CharpyV‐notch testsof theheat‐affectedzoneof the
welding procedure qualification test assembly are
required whenever the thickness of the weld exceeds
5∕8 in. (16 mm) and either of the base materials requires
impact testing in accordance with the rules of NE-2310.
The only exceptions to the requirements are the

following:
(1) the qualification for welds in P‐No. 1 materials

that are postweld heat treated and made by any
process other than electroslag, electrogas, or thermit;

(2) the qualification for weld deposit cladding or
hard‐facing on any base material.

(3) that portion of the heat-affected zone associated
with GTAWroot depositswith amaximumof two layers of
3∕16 in. (5 mm) thickness, whichever is less.

(b) Charpy V‐notch testing shall be performed as speci-
fied in (1) through (6).

(1) Charpy V‐notch test specimens representing
both the heat-affected zone and the unaffected basemate-
rial shall be tested. The unaffected base material speci-
mens shall be tested at a temperature equal to or
below the lowest service temperature.

(2) The Charpy V‐notch tests of the unaffected base
material shall meet the applicable requirements of
Table NE-2332.1-1 or Table NE-2332.1-2, as applicable,
and Table NE-2333.1-1 when applicable, or additional
testing shall be performed at higher temperatures until
either of the above requirements are met.

(3) The heat-affected zone specimens shall be tested
at the test temperature determined in (2). The applicable
average toughness values of the heat-affected zone speci-
mens shall equal or exceed the applicable average tough-
ness values of the unaffected base material specimens, or
the adjustment given in (4) through (6) shall be made.
Alternatively, the production material impact tests
shall be performed at 30°F (17°C) lower than required
by NE-2331. As an additional alternative, another test
coupon may be welded and tested.

(4) Additional Charpy V‐notch tests shall be
performed on either the heat-affected zone or the unaf-
fected base material, or both, at temperatures where the
applicable toughness values of all three specimens tested
are not less than that specified in (2). The applicable
average toughness values for each test meeting this
requirement shall be plotted on a property‐temperature
graph. The difference in temperature THAZ and TUBM,
where the heat-affected zone and the unaffected base
material applicable average toughness values are the
same and not less than that specified in (2), shall be
used to determine the adjustment temperature TADJ
where:

=T T TADJ HAZ UBM

If TADJ ≤ 0, then TADJ = 0.
(5) As an alternative to (4), if the average toughness

values of the heat-affected zone are no less than the values
specified in Table NE-2332.1-1 or Table NE-2332.1-2, as
applicable, and Table NE-2333.1-1, when applicable, and
the average of the heat-affected zone specimens is not less
than 7 ft‐lb or 5 mils (0.13 mm) below the average tough-
ness values of the unaffected base material, TADJ may be
taken as 15°F (8°C).

(6) As a second alternative to (4), if the applicable
toughness values of the heat-affected zone are no less
than the values specified in Table NE-2332.1-1 or
Tab le NE-2332 .1 -2 , as app l i cab le , and Tab le
NE-2333.1-1, when applicable, the difference between
the average applicable toughness values of the heat-
affected zone and the unaffected base material shall be
calculated and used as described in (c)(3) below.
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(c) At least one of the following methods shall be used
to compensate for the heat-affected zone toughness
decrease due to the welding procedure.

(1) The lowest service temperature specified in the
Design Specification for all material to be welded in
productionWPSssupportedby thisPQRshall be increased
by the adjustment temperature TADJ.

(2) Thespecified testing temperature for theproduc-
tion material may be reduced by TADJ or 30°F (17°C).

(3) Thematerials to be weldedmay be welded using
the WPS provided that they exhibit toughness values that
are no less than the minimum required toughness value
specified in NE-2300 plus the difference in the applicable
average toughness values established in (b)(6) above.

(d) The Charpy V‐notch testing results shall be
recorded on the PQR and any offsetting TADJ or increased
toughness requirements shall be noted on the PQR and on
the WPS. More than one compensation method may be
used on a par basis.

(e) A Welding Procedure Specification qualified to the
impact testing requirements of Subsection NB or Subsec-
tion NC may be accepted as an alternative to the Welding
Procedure Specification impact testing requirements of
this Subsection.

NE-4336 Qualification Requirements for Built‐Up
Weld Deposits

Built‐up weld deposits for base metal reinforcement
shall be qualified in accordance with the requirements
of NE-4331 through NE-4335.

NE-4340 PERFORMANCE QUALIFICATION OF
WELDERS FOR CLAD MATERIAL

NE-4341 General Requirements

A welder who has passed a test on composite welds in
clad plate, as provided in NE-4341.1, or as part of a proce-
dure qualification test, as provided in NE-4429.1(a), is
qualified for welding base metal and lining or cladding
material separately. Likewise, a welder who has qualified
on basemetal and lining or claddingmaterial separately is
qualified to make composite welds. Qualification on both
base plate and lining or claddingmaterial is required only
of welders who weld both materials.

NE-4341.1 Requirements for Composite Materials.
Performance qualification tests shall be made in accor-
dance with Section IX by preparing test plates from
clad material having the same P‐Numbers in Section
IX, Table QW-442 as that of the base plate and cladding
material to be used in construction, and having the same
F‐Number in Section IX, Table QW-432 as the filler metal
thatwill be used in construction.When the claddingmate-
rial is not listed in Section IX, Table QW-442, qualification
shall bemadeon the samegrade asused in the vessel. Heat

treatment is not required but is permitted if the welder’s
work or construction is to be heat treated.

NE-4341.2 Requirements for Corrosion‐Resistant
Welds. Performance qualification tests for welding corro-
sion‐resistant materials shall be the same as the proce-
dure qualification tests described in NE-4331.

NE-4400 RULES GOVERNING MAKING,
EXAMINING, AND REPAIRING
WELDS

NE-4410 PRECAUTIONS TO BE TAKEN BEFORE
WELDING

NE-4411 Identification, Storage, and Handling of
Welding Materials

Each Certificate Holder is responsible for control of the
welding electrodes and other material that is used in the
fabrication and installation of components (NE-4120).
Suitable identification, storage, and handling of elec-
trodes, flux, and other welding material shall be main-
tained. Precautions shall be taken to minimize
absorption of moisture by electrodes and flux.

NE-4412 Cleanliness and Protection of Welding
Surfaces

The method used to prepare the base metal shall leave
the weld preparation with reasonably smooth surfaces.
The surfaces for welding shall be free of scale, rust, oil,
grease, and other deleterious material. The work shall
be protected from deleterious contamination and from
rain, snow, and wind during welding. Welding shall not
be performed on wet surfaces.

NE-4420 RULES FOR MAKING WELDED JOINTS

NE-4421 Backing Rings

Backing rings shall conform to the requirements of
NE-4240. The material for backing rings, when used,
shall be compatible with the base metal. Permanent
backing rings, when permitted by NE-4240, shall be
continuous, and any splices shall be made by full penetra-
tion welds. Spacer pins shall not be incorporated into the
welds.

NE-4422 Peening

Controlled peening may be performed to minimize
distortion. Peening shall not be used on the initial
layer root of the weld metal, nor on the final layer,
unless the weld is postweld heat treated in accordance
with NE-4600.
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NE-4423 Miscellaneous Welding Requirements

(a) Before applyingweldmetal on the second side to be
welded, the root of full penetration double welded joints
shall be prepared by suitable methods such as chipping,
grinding, or thermal gouging, except for thoseprocessesof
welding by which proper fusion and penetration are
otherwise obtained and demonstrated to be satisfactory
by welding procedure qualification.

(b) If the welding is stopped for any reason, extra care
shall be taken in restarting to get the required penetration
and fusion. For submerged arc welding, chipping out a
groove in the crater is recommended.

(c) Where single-welded joints are used, particular
care shall be taken in aligning and separating the compo-
nents to be joined so that there will be complete penetra-
tion and fusion at the bottom of the joint for its full length.

NE-4424 Surfaces of Welds

As‐welded surfacesarepermitted.However, the surface
of welds shall be sufficiently free from coarse ripples,
grooves, overlaps, abrupt ridges, and valleys to meet
(a) through (e) below.

(a) The surface condition of the finished weld shall be
suitable for the proper interpretation of radiographic and
other required nondestructive examinations of the welds.
In those cases where there is a question regarding the
surface condition on the interpretation of a radiographic
film, the film shall be compared to the actual weld surface
for interpretation and determination of acceptability.

(b) Reinforcements are permitted in accordance with
NE-4426.

(c) Undercuts shall not exceed 1∕32 in. (0.8 mm) and
shall not encroach on the required section thickness.

(d) Concavity on the root side of a single-welded
circumferential butt weld is permittedwhen the resulting
thickness of the weld meets the requirements of
Article NE-3000.

(e) If the surface of the weld requires grinding to meet
the abovecriteria, care shall be taken to avoid reducing the
weld or base material below the required thickness.

NE-4425 Welding Components of Different
Diameters

When components of different diameters are welded
together, there shall be a gradual transition between
the two surfaces in accordance with NE-3361. The
length of the transition may include the weld.

NE-4426 Reinforcement of Welds

The surface of the reinforcement of all butt-welded
joints in vessels may be flush with the base material
ormay have uniform crowns. The height of reinforcement
on each face of the weld shall not exceed the following
thickness:

Nominal Thickness,
in. (mm)

Maximum Reinforcement,
in. (mm)

Up to 1 (25), incl. 3∕32 (2.5)
Over 1 to 2 (25 to 50), incl. 1∕8 (3.0)
Over 2 to 3 (50 to 75), incl. 5∕32 (4.0)
Over 3 to 4 (75 to 100), incl. 7∕32 (5.5)
Over 4 to 5 (100 to 125), incl. 1∕4 (6.0)
Over 5 (125) 5∕16 (8.0)

NE-4427 Shape and Size of Fillet Welds

Fillet welds may vary from convex to concave. The
shape and size of the weld shall be in accordance with
the requirements of Figure NE-4427-1. A fillet weld in
any single continuous weld may be less than the specified
fillet weld dimension by not more than 1∕16 in. (1.6 mm),
provided that the total undersize portion of the weld does
not exceed 10% of the length of the weld. Individual
undersize weld portions shall not exceed 2 in. (51
mm) in length. In making socket welds, a gap as
shown in Figure NE-4427-1 shall be provided prior to
welding. The gap need not be present nor be verified
after welding.

NE-4428 Seal Welds of Threaded Joints

Where seal welding of threaded pipe joints is
performed, the exposed threads shall be either
removed entirely or covered with weld metal.

NE-4429 Welding of Clad Parts13

The joint types and welding procedures used for clad-
ding shall be such as to prevent the formation of brittle
weld composition.

NE-4429.1 Groove Welds in Clad Plate.

(a) The requirements in Section IX for procedure quali-
fication shall be modified as follows for groove welds in
clad plate.

(1) The requirements in Section IX, QW-403 and
QW‐404 shall apply separately to the base plate and to
the cladding.

(2) The thicknesses specified in Section IX, Table
QW‐451 shall apply to the total thickness of clad plate.

(3) For material not included in Section IX, Table
QW/QB-422, the material used in the test plate shall
be within the range of chemical composition of that to
be used in construction.

(b) The welding procedure for groove welds in inte-
grally clad plate shall be qualified as provided in (a)
above when any part of the cladding thickness of the
clad plate is included in the design calculations in accor-
dance with NE-3122.4(b). When the cladding thickness is
not included in the design calculations, the procedure for
groove welds may be qualified as in (a) above or the weld
in the base plate joint may be qualified by itself in
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Figure NE-4427-1
Fillet and Socket Weld Details and Dimensions

Theoretical throat

Surface of vertical member

Theoretical throat

Surface of vertical member

Theoretical throat

Theoretical throat

Surface of vertical member

Surface of vertical member

Convex fillet weld

Convex fillet weld

Concave fillet weld

Concave fillet weld

Size of weld

Surface of
    horizontal member

(b) Unequal Leg Fillet Weld [Note (2)]

Cx

Cx

(a) Equal Leg Fillet Weld [Note (1)]

Size of weld

x, min.

tn or ¼ in. (6 mm),
    whichever is smaller

tn or ¼ in. (6 mm),
    whichever is smaller

1/16 in. (1.5 mm) approx.
    before welding

1/16 in. (1.5 mm) approx.
    before welding

Front and back weld Face and back weld

(c-1) Slip On Flange [Note (3)]

(c-3) Socket Welding Fittings [Note (4)]

(c-2) Socket Welding Flange [Note (3)] 

x, min.
x, min.

tn nominal pipe
wall thickness

x, min.

x, min.

x, min.
tn tn tn

Surface of
    horizontal member

NOTES:
(1) The size of an equal leg fillet is the leg length of the largest inscribed right isosceles triangle. Theoretical throat = 0.7 × size of weld.
(2) The size of an unequal leg fillet weld is the shorter leg length of the largest right triangle that can be inscribed within the fillet weld cross

section.
(3) x min. = 1.4tn or the thickness of the hub, whichever is smaller, but not less than 1∕8 in. (3 mm), where tn = nominal pipe wall thickness.
(4) Cx min. = 1.09tn where tn = nominal pipe wall thickness.
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accordancewith the rules in Section IX and theweld in the
cladding joint by itself in accordance with NE-4429.3.

NE-4429.2 AlloyWelds in BaseMetal.Groove joints in
base‐metal plates and parts may be made with corrosion‐
resistant alloy‐steel filler metal, or groove joints may be
made between corrosion‐resistant alloy steel and carbon
or lowalloy steel, provided thewelding procedure and the
welders have been qualified in accordance with the re-
quirements of Section IX for the combination of materials
used. Some applications of this rule are basemetalwelded
with alloy‐steel electrodes and alloy nozzles welded to
shells.

NE-4429.3 Corrosion‐Resistant Weld Deposits.
Construction in which deposits of corrosion‐resistant
alloy weld metal are applied as a protective covering
on the surface of base metal plates and parts and over
welded base metal joints, whether adjacent or not to
the edges of lining sheets or cladding material, shall be
qualified in accordance with the rules given in (a)
through (f) below.

(a) The qualification test plate shall consist of a base
plate not less than6 in. (150mm) long, 3 in. (75mm)wide,
and 1∕4 in. (6 mm) thick, to which are clamped or bonded
two strips of lining or claddingmaterial separatedby a gap
left in the lining or a groove cut in the cladding. The gap or
groove shall run lengthwise of the test plate, approxi-
mately midway of the plate width. The nominal thickness
of the lining or cladding shall bewithin 20%plus orminus
of the thickness to be used in construction.

(b) The requirements of Section IX, QW‐403 and
QW‐404, shall apply separately to the base plate and
the lining or cladding. For material not included in
Section IX, Table QW/QB-422, the material used in the
test plate shall be within the range of chemical composi-
tion of that to be used in construction.

(c) The width of gap shall be not less than twice the
nominal thickness of the lining or cladding and not
less than the maximum gap to be used in construction,
but need not be greater than 3∕4 in. (19 mm) in order
to qualify welding procedures in which corrosion‐
resistant weld metal is deposited in contact with base
metal and adjacent lining or cladding material on two
sides of a gap, as in welding the joints in linear sheets
or clad plates.

(d) The width of a gap shall be not less than 3∕4 in.
(19 mm) in order to qualify welding procedures in
which corrosion‐resistant weld metal is deposited in
contact with base metal with lining or cladding material
on one side only, as in layering corrosion‐resistant weld
metal on flange facings or in making fillet welds.

(e) The weld joint shall be made between the edges of
the lining or claddingmaterial by the procedure to be used
in construction. The cooling of the test plate and any
subsequent heat treatment shall follow the procedure
to be used in construction.

(f) The tests to qualify the welding procedure shall be
performed on two longitudinal bend test specimens that
conform to the dimensions and other requirements of
Section IX, QW‐161 and Figure QW-462.3(b). The speci-
mens shall be tested in accordance with, and meet the
requirements of, Section IX, QW-162 and QW‐163.

NE-4429.4 Fillet Welds. Fillet welds of corrosion‐
resistant metal deposited in contact with two materials
of dissimilar composition may be used for connection
attachments under the limitations of NE-3359. The quali-
fication of the welding procedures andwelders to be used
on fillet welds for a given combination of materials and
alloy weld metal shall be made in accordance with
NE-4429.3 or, alternatively, by the rules prescribed in
Section IX.

NE-4430 WELDING OF ATTACHMENTS

NE-4431 Materials for Attachments

Non-pressure‐retaining attachments (NE-1132.1)
welded to the containment vessel shall be of materials
which meet the requirements of NE-2190. Materials
for pressure-retaining attachments shall meet the re-
quirements of NE-2120.

NE-4432 Welding of Structural Attachments

The rules of NE-4321 governing welding qualifications
shall apply to the welding of structural attachments to
pressure-retaining material.

NE-4433 Structural Attachments

Structural attachments shall conform reasonably to the
curvature of the shell or surface to which they are
attached, and may be attached by either full penetration,
fillet, or partial penetration continuous or intermittent
welds.

NE-4434 Welding of Internal Structural Supports
to Clad Components

Internal structural supports on cladding surfaces shall
bewelded to thebasemetal andnot to the cladding, except
for weld overlay cladding.

NE-4435 Welding of Nonstructural Attachments
and Their Removal

(a) Nonstructural attachments (NE-1132.1) welded to
the pressure-retaining portion of the containment vessel
need not complywith Article NE-2000 andmay bewelded
with continuous or intermittent fillet or partial penetra-
tion welds, provided the requirements of (1) through (4)
below are met:

(1) the welding procedure and the welders have
been qualified in accordance with NE-4321;
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(2) the material is identified and is compatible with
the material to which it is attached;

(3) theweldingmaterial is identified and compatible
with the materials joined;

(4) the welds are postweld heat treated when
required by NE-4620.

(b) Removal of nonstructural temporary attachments
shall be accomplished as follows:

(1) The temporary attachment is completely
removed in accordance with the procedures of NE-4211.

(2) As an alternative to (a)(4) above, postweld heat
treatment may be deferred until after removal of the
attachment.

NE-4437 Attachment of Stiffening Rings to Shell

(a) Stiffening rings, when used, may be placed on the
inside or outside of a vessel and shall be attached to the
shell by welding or bolting. The ring shall be in contact
with the shell.

(b) Stiffening rings may be attached to the shell either
by continuous or intermittent welding. The total length of
the intermittentwelding on each side of the stiffening ring
shall be:

(1) not less than one‐half the outside circumference
of the vessel for rings on the outside; and

(2) not less than one‐third of the circumference of
the vessel for rings on the inside.
Acceptable arrangements and spacing of intermittent

welds are shown in Figure NE-4437(b)-1. Welds on oppo-
site sides of the stiffenermaybe either staggeredor in‐line
as indicated.

(c) All welding of stiffening rings shall comply with the
requirements of this Subsection. In areas where a corro-
sion allowance is specified in theDesign Specification, stif-

fening rings shall be attached to the shell with a
continuous fillet, seal, or full penetration weld.

NE-4450 REPAIR OF WELD METAL DEFECTS

NE-4451 General Requirements

Defects in weld metal detected by the examinations
required by Article NE-5000, or by the tests of Article
NE-6000, shall be eliminated and when necessary
repaired.

NE-4452 Elimination of Surface Defects

Weldmetal surfacedefectsmaybe removedby grinding
or machining and not repaired by welding provided that
the requirements of (a) through (c) below are met:

(a) the remaining thickness of the section is not
reduced below that required by Article NE-3000;

(b) the depression, after defect elimination, is blended
uniformly into the surrounding surface;

(c) the area is examinedby amagnetic particle or liquid
penetrant method in accordance with NE-5110 after
blending and meets the acceptance standards of
NE-5300 to ensure that the defect has been removed
or the indication reduced to an acceptable limit.
Defects detected by the visual or volumetric method
and located on an interior surface need only be reexam-
ined by the method which initially detected the defect
when the interior surface is inaccessible for surface ex-
amination.

NE-4453 Requirements for Making Repairs to
Welds

Excavations in weld metal, when repaired by welding,
shall meet the requirements of the following subpara-
graphs.

NE-4453.1 Defect Removal. Defects may be removed
by mechanical means or by thermal gouging processes.
The area prepared for repair shall be examined by a
liquid penetrant or magnetic particle method in accor-
dance with NE-5110 and meet the acceptance standards
of NE-5340 or NE-5350. This examination is not required
where defect elimination removes the full thickness of the
weld andwhere the backside of theweld joint is not acces-
sible for removal of examination materials.

NE-4453.2 Requirements forWeldingMaterial, Proce-
dures, and Welders. The weld repair shall be made using
welding material, welders, and welding procedures qual-
ified in accordance with NE-4125 and NE-4300.

NE-4453.3 Blending of Repaired Areas. After repair
the surface shall be blended uniformly into the
surrounding surface.

NE-4453.4 Examination of Repair Welds. The exami-
nation of a weld repair shall be repeated as required for
the original weld, except that it need only be reexamined

Figure NE-4437(b)-1
Attachment of Stiffening Rings to Shell
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by the liquid penetrant ormagnetic particlemethodwhen
the unacceptable indicationwas originally detected by the
liquid penetrant or magnetic particle method and when
the repair cavity does not exceed the following:

(a) 1∕3t for t ≤ 3∕4 in. (19 mm)
(b) 1∕4 in. (6mm) for 3∕4 in. (19mm)< t≤21∕2 in. (64mm)
(c) the lesser of 3∕8 in. (10 mm) or 10% t for t > 21∕2 in.

(64 mm)

where t equals the thickness of the weld.

NE-4453.5 Heat Treatment of Repaired Areas. The
area shall be heat treated in accordance with NE-4620.

NE-4454 Inserted Strips in Clad Material

The thickness of inserted strips used to restore cladding
at joints shall be equal to that of the nominal minimum
thickness of cladding specified for the plates backed, if
necessary, with corrosion‐resistant weld metal deposited
in the groove to bring the insert flush with the surface of
the adjacent cladding.

NE-4600 HEAT TREATMENT

NE-4610 WELDING PREHEAT REQUIREMENTS

NE-4611 When Preheat Is Necessary

Theneed for and temperature of preheat are dependent
on a number of factors, such as the chemical analysis,
degree of restraint of the parts being joined, elevated
temperature, physical properties, and material thick-
nesses. Some practices used for preheating are given
in Section III Appendices, Nonmandatory Appendix D
as a general guide for the materials listed by P‐
Numbers of Section IX. It is cautioned that preheating
suggested in Section III Appendices, Nonmandatory
Appendix D does not necessarily ensure satisfactory
completion of the welded joint and that the preheating
requirements for individual materials within the P‐
Number listing may be more or less restrictive. The
Welding Procedure Specification for the material being
welded shall specify the minimum preheating require-
ments under thewelding procedure qualification require-
ments of Section IX.

NE-4612 Preheating Methods

Preheat forweldingor thermal cutting,whenemployed,
may be applied by any method which does not harm the
basematerial or any weldmetal already applied, or which
does not introduce deleterious material into the welding
area which is harmful to the weld.

NE-4613 Interpass Temperature

Consideration shall be given to the limitations of inter-
pass temperatures forquenchedand temperedmaterial to
avoid detrimental effects on the mechanical properties.

NE-4620 POSTWELD HEAT TREATMENT

NE-4621 Heating and Cooling Methods

Postweld heat treatment (PWHT)may be accomplished
by any suitable methods of heating and cooling, provided
the requiredheatingandcooling rates,metal temperature,
metal temperature uniformity, and temperature control
are maintained.

NE-4622 PWHT Time and Temperature
Requirements

NE-4622.1 General Requirements.2 The requirements
for postweld heat treatment are given in (a), (b), and (c)
below.

(a) Except as otherwise permitted in NE-4622.7, all
welds, including repair welds, shall be postweld heat
treated. During postweld heat treatment, the metal
temperatures shall be maintained with the temperature
ranges and for the minimum holding times specified in
Table NE-4622.1-1, except as otherwise permitted in
NE-4622.4(c). P‐Number groups in Table NE-4622.1-1
are in accordance with Section IX, QW‐420. Except as
provided in NE-4624.3, PWHT shall be performed in
temperature‐surveyed and ‐calibrated furnaces, or
PWHT shall be performed with thermocouples in
contact with the material or attached to blocks in
contact with the material.

(b) Unless exempted in Table NE-4622.7(b)-1, all
doors, nozzles, opening frames, and similar welded
construction shall be welded into a portion of the shell
plate or plates, and thewelded subassembly shall be post-
weld heat treated prior to welding into the shell.

(c) The requirements of the following subparagraphs
shall also apply.

NE-4622.2 Time–Temperature Recordings. Time–
temperature recordings of all postweld heat treatments
shall be made available for review by the Authorized
Inspector. Identification on the time–temperature
recording shall be to the weld, part, or vessel. A
summary of the time–temperature recording may be
provided for permanent records in accordance with
NCA‐4134.17.

NE-4622.3 DefinitionofNominalThicknessGoverning
PWHT. Nominal thickness in Table NE-4622.7(b)-1 is the
thickness of the weld, the pressure-retaining material for
structural attachment welds or the thinner of the pres-
sure-retaining materials being joined, whichever is
least. It is not intended that nominal thickness include
material provided for forming allowance, thinning, or
mill overrun when the excess material does not exceed
1∕8 in. (3 mm). For fillet welds the nominal thickness is
the throat thickness, and for partial penetration andmate-
rial repair welds the nominal thickness is the depth of the
weld groove or penetration.
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NE-4622.4 Holding Times at Temperature.

(a) The holding time at temperature as specified in
Table NE-4622.1-1 shall be based on the nominal thick-
ness of theweld. The holding timeneednot be continuous.
It may be an accumulation of the times of multiple post-
weld heat treatment cycles.

(b) Holding time at temperature in excess of the
minimum requirements of Table NE-4622.1-1 may be
used, provided that specimens so heat treated are
tested in accordance with NE-2200, NE-2400, and
NE-4300.

(c) Alternatively, when it is impractical to postweld
heat treat at the temperature range specified in
Table NE-4622.1-1, it is permissible to perform the post-
weld heat treatment of certain materials at lower
temperatures for longer periods of time in accordance
with Table NE-4622.4(c)-1 and (1) below.

(1) Base materials certified in accordance with
NE-2200 may be postweld heat treated at these lower
minimum temperatures and increased minimum
holding timeswithout recertification. Postweldheat treat-
ment at these lower minimum temperatures and
increased minimum holding times may also be the
tempering operation, provided a higher tempering
temperature is not required by the material specification.

NE-4622.5 PWHT Requirements When Different P‐
Number Materials Are Joined. Postweld heat treatment
is not required when joining P‐No. 1 material 11∕2 in.
(38 mm) or less in thickness to P‐No. 8, P‐No. 42,
P‐No. 43, or P‐No. 45 materials with electrodes that
produce austenitic or non‐air‐hardening nickel–
chromium–iron deposits.

NE-4622.6 PWHT Requirements for Non-Pressure‐
Retaining Parts. When non-pressure‐retaining material
is welded to pressure-retaining material, the postweld
heat treatment temperature range of the pressure-
retaining material shall control.

NE-4622.7 Exemptions to Mandatory Requirements.
Postweld heat treatment in accordance with this subar-
ticle is not required for:

(a) nonferrous materials;
(b) welds exempted in Table NE-4622.7(b)-1;
(c) welds subjected to temperatures above the PWHT

temperature range specified in Table NE-4622.1-1,
provided theWelding Procedure Specification is qualified
in accordance with Section IX and the base material and
the deposited weldmaterial have been heat treated at the
higher temperature;

(d) extensions and the welds joining these extensions
to nozzles, opening frames, and similar construction,
provided all other requirements of NE-4620 are met
and the weld is located at least rt0.5 from the surface
of the vessel, where r is the mean radius of the nozzle
or opening and t is the nominal thickness of the nozzle
or opening;

(e) nonpressureparts attached topressurepartswhich
have been previously postweld heat treated, provided the
a t tachment we lds meet the requ i rements o f
Table NE-4622.7(b)-1.

NE-4623 PWHT Heating and Cooling Rate
Requirements

Above 800°F (425°C) the rate of heating and cooling in
anyhourly interval shall not exceed400°F (222°C)divided
by the maximum thickness in inches of the material being

Table NE-4622.1-1
Mandatory Requirements for Postweld Heat Treatment (PWHT) of Welds

P‐Number
(Sect. IX, QW‐420)

Holding Temperature
Range, °F (°C)
[Note (1)]

Minimum Holding Time at Temperature for Weld Thickness (Nominal)

1⁄2 in. (13 mm) or less
Over 1⁄2 in. to 2 in.

(Over 13 mm to 50 mm) Over 2 in. (50 mm)
1 1,100–1,250 (595–675) 30 min 1 hr/in. (2 min/mm) 2 hr plus 15 min each

additional inch (2 h plus
0.5 min/mm) over 2 in.
(50 mm)

8, 34, 42, 43, 45 PWHT neither required nor prohibited

GENERAL NOTE: Exemption to the mandatory requirements of this Table are defined in NE-4622.7.

NOTE: (1) All temperatures are metal temperatures.

Table NE-4622.4(c)-1
Alternative Holding Temperatures and Times

Material
P-Numbers

Alternative Holding
Temperature Range,

°F (°C)
Alternative Minimum

Holding Times
1 1,050 (565) 2 hr/in. (4 min/mm)

thick
1 1,000 (540) 4 hr/in. (8 min/mm)

thick

GENERAL NOTE: All other requirements of NE-4622 shall apply.
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Table NE-4622.7(b)-1
Exemptions to Mandatory PWHT

P‐Number,
(Section IX, QW-420) Type of Weld [Note (1)]

NominalThickness,
in. (mm)

(NE-4622.3)

Max. Reported
Carbon, %
[Note (2)]

Min. Preheat
Required,
°F (°C)

1 All weldswhere thematerials being joined are 11∕2 in.
(38 mm) and less, exclusive of welds joining
nozzles or penetrations with an I.D. greater than 2
in. (50 mm) to the vessel shell

11∕4 (32) or less 0.30 or less …
Over 11∕4 to 11∕2 (32
to 38)

0.30 or less 200 (95)

3∕4 (19) or less Over 0.30 …
Over 3∕4 to 11∕2 (19 to
38)

Over 0.30 200 (95)

Allwelds joiningnozzles andpenetrationswithan I.D.
greater than 2 in. (50 mm) to the vessel shell
provided all of the following are satisfied:

(a) the shell thickness does not exceed 11∕2 in.
(38 mm),

(b) the size does not exceed NPS 12 (DN300),
(c) the ratio of major to minor diameter of non‐

circular openings does not exceed 1.15, and
(d) theweld is at least 1.0 (Rt)1/2 fromanyother

non‐postweld heat-treated weld in the vessel shell.

11∕4 (32) or less 0.30 or less …
Over 11∕4 to 11∕2 (32
to 38)

0.30 or less 200 (95)

3∕4 (19) or less Over 0.30 …
Over 3∕4 to 11∕2 (19 to
38)

Over 0.30 200 (95)

Allwelds inmaterial over11∕2 in. (38mm), exclusiveof
welds joining nozzles or penetrations to the vessel
shell

3∕4 (19) or less … 200 (95)

All welds, including repair welds in material greater
than 11∕2 in. (38 mm), but equal to or less than 13∕4
in. (44 mm) exclusive of welds joining nozzles or
penetrations to the vessel shell [Note (3)]

13∕4 (44) or less 0.24 200 (95)

All welds joining nozzles or penetrations with a
nominal I.D. of 2 in. (50 mm) and less

3∕4 (19) or less … 200 (95)

Repairs to welds in subassemblies postweld heat
treated as required by NE-4622.1(b) with the total
accumulated repair length of any weld not
exceeding 25% of the original weld length

13∕4 (44) or less … 200 (95)

1 Gr. 1 or Gr. 2 Cladding or repair of cladding [Note (4)] with A‐No. 8
or F‐No. 43 filler metal in base material of:

… 0.30 100 (38)– 11∕2 in. (38 mm) or less
– Over 11∕2 in. to 3 in. (38 mm to 75 mm) … 0.30 200 (95)

[Note (5)]
– Over 3 in. (75 mm) … 0.30 250 (120) [Note (6)]

GENERAL NOTE: The exemptions noted in this Table do not apply to electron beam welds in ferritic materials over 1∕8 in. (3 mm) in thickness.

NOTES:
(1) Where the thickness of material is identified in the Type ofWeld column, it is the thickness of the thicker of the basematerials at the welded

joint.
(2) Carbon level of the pressure-retaining materials being joined.
(3) This exemption is limited to SA-299, SA-516, SA-537, and SA-738 materials, under the following conditions:

(a) The exemption from impact testing as provided in NE-2311(a)(8) is not permitted.
(b) For Charpy V Notch Testing per NE-2331(a)(1), the testing criteria are as described in either of the following:

(1) The testing temperature is 10°F (5.6°C) below the Lowest Service Metal Temperature, and the Cv energy values are as shown in
Table NE-2332.1-2.

(2) The testing temperature is the Lowest Service Metal Temperature, and the Cv energy values are increased by 5 ft‐lb (7 J) over those
shown in Table NE-2332.1-2.

(c) For Drop Weight Testing permitted by NE-2331(a)(2), the difference between Lowest Service Metal Temperature and the nil ductility
transition temperature, (LSMT − TNDT), is equal to or greater than 10°F + A (5.6°C + A), in which the value of A is determined in accordance with
Section III Appendices, Nonmandatory Appendix R.

(4) The maximum resulting hardness of the heat‐affected zone in the procedure qualification test plate shall not exceed 35 Rc.
(5) Intermediate postweld soak at not less than 200°F (95°C) for 2‐hr min.
(6) Intermediate postweld soak at not less than 300°F (150°C) for 2‐hr min.
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heat treated, but shall not exceed 400°F (222°C) and need
not be less than 100°F (56°C) in any hourly interval.
During the heating and cooling period there shall not
be a greater variation in temperature than 250°F
(139°C) within any 15 ft (5 m) interval of weld length.

NE-4624 Methods of Postweld Heat Treatment

The postweld heat treatment shall be performed in
accordance with the requirements of one of the following
subparagraphs.

NE-4624.1 Furnace Heating— One Heat. Heating the
vessel or item in a closed furnace in one heat is the
preferred procedure and should be used whenever prac-
tical. The furnace atmosphere shall be controlled so as to
avoid excessive oxidation, and direct impingement of
flame on the vessel or item is prohibited.

NE-4624.2 Furnace Heating — More Than One Heat.
The vessel or itemmay be heated inmore than one heat in
a furnace, provided the furnace atmosphere control re-
quirements of NE-4624.1 apply and overlap of the
heated sections of the vessel or item is at least 5 ft (2
m). When this procedure is used, the portion of the
vessel or item outside the furnace shall be shielded so
that the temperature gradient is not harmful. The
cross section where the vessel or item projects from
the furnace shall not intersect a nozzle or other structural
discontinuity.

NE-4624.3 Local Heating.Welds may be locally post-
weld heat treated when it is not practical to heat treat the
entire vessel or item. Local postweld heat treatment shall
consist of heating a circumferential band around the
vessel or item at temperatureswithin the ranges specified
in this subarticle. The minimum width of the controlled
band at each side of the weld, on the face of the greatest
weld width, shall be the thickness of the weld or 2 in. (50
mm), whichever is less. The temperature of the vessel or
item fromthe edgeof the controlledbandoutward shall be
graduallydiminishedsoas toavoidharmful thermalgradi-
ents. This procedure may also be used for postweld heat
treatment after repairs.

NE-4624.4 Heating Vessels Internally. The vessel or
item may be heated internally by any appropriate
means and with adequate indicating and recording
temperaturedevices to aid in the control andmaintenance
of a uniform distribution of temperature in the vessel or
item. Prior to this operation, the vessel or item shall be
fully enclosed with insulating material.

NE-4630 INTERMEDIATE POSTWELD HEAT
TREATMENT

The temperature, time‐at‐temperature, andheating and
cooling rate requirements of NE-4620 are not mandatory
for intermediate heat treatments.

NE-4660 HEAT TREATMENT OF ELECTROSLAG
WELDS

Electroslag welds in ferritic material over 11∕2 in.
(38 mm) in thickness at the joints shall be given a
grain refining heat treatment.

NE-4700 MECHANICAL JOINTS AND
PENETRATION ASSEMBLIES

NE-4710 BOLTING AND THREADING

NE-4711 Thread Engagement

The threads of all bolts or studs shall be engaged in
accordance with the design.

NE-4712 Thread Lubricants

Any lubricantor compoundused in threaded joints shall
be suitable for the service conditions and shall not react
unfavorablywith either the service fluid or anymaterial in
the system.

NE-4713 Removal of Thread Lubricants

All threading lubricantsorcompoundsshall be removed
from surfaces which are to be seal welded.

NE-4714 Stud Threading

Studs shall be threaded full length or shall be machined
down to the root diameter of the thread in the unthreaded
portion.

NE-4720 BOLTING FLANGED JOINTS

In bolting gasketed flanged joints, the contact faces of
the flanges shall bear uniformly on the gasket and the
gasket shall be properly compressed in accordance
with the design principles applicable to the type of
gasket used. All flanged joints shall be made up with rel-
atively uniform bolt stress.

NE-4730 ELECTRICAL AND MECHANICAL
PENETRATION ASSEMBLIES

(a) Electrical and mechanical penetration assemblies,
except for those portions performing an electrical
conducting or insulating function, shall be constructed
in accordance with the rules for containment vessels.

(b) Tubes or pipe of NPS 2 (DN 50) and less may be
joined to a penetration assembly in accordance with
the rules of NE-4740.

(c) The closing seam for the penetration assemblymay
bemadewith amultipass single lap fillet weld as shown in
Figure NE-4730-1, provided the requirements of (1)
through (5) below are met:

(1) one of the heads on the penetration assembly
meets the requirements of NE-3352.3;
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(2) the penetration assembly shall not exceed 18 in.
(450 mm) O.D.;

(3) the design pressure of the penetration assembly
shall notexceed100psi (700kPa)and thedesign tempera-
ture shall not exceed 400°F (205°C);

(4) examination of the fillet weld shall be by the
liquid penetrant method in accordance with NE-5350;

(5) the fillet weld and closure head shall meet the
requirements of NE-3720(b).

NE-4740 SPECIAL QUALIFICATION
REQUIREMENTS FOR ELECTRICAL AND
MECHANICAL PENETRATION
ASSEMBLIES

NE-4741 General Requirements

These rules are applicable only for the attachment of
pipes and tubes of NPS 2 (DN 50) and less to electrical
and mechanical penetration assemblies as permitted in
NE-4730. The welding procedure shall be qualified as
a new procedure specification and shall be completely
requalified when any of the changes listed below are
made in the procedure. Changes other than those so
given may be made in a procedure without the necessity
for requalification, provided theprocedure specification is
amended to show these changes.

NE-4742 Essential Variables for All Welding
Processes

Essential variables for all welding processes shall be as
listed in (a) through (k) below:

(a) a change from one welding process to any other
welding process or combination of welding processes;

(b) a change in the P‐Number classification of pipe or
tube material in Section IX, Tables QW-442 and QW/
QB-422; a separate qualification is required for each
pipe or tube material which is not included under any
P‐Number;

(c) a change in the P‐Number of the penetration
assembly:

(1) the base material may be a homogeneous mate-
rial or a cladding material of wrought‐type or weld‐
overlay‐type; if welding is performed between the pipe
or tube and cladding, the cladding shall be considered
the base material; a separate qualification is required
for welding pipes or tubes to base material or cladding
material which is not included under any P‐Number;

(d) changes in the weldmetal analysis of the deposited
weld metal as given in (1) and (2) below:

(1) a change from any A‐Number in Section IX, Table
QW-442, to any other A‐Number or to any F‐Number in
Section IX, Table QW-432 or to any analysis not listed in
the tables, except that each AISI type similar to A‐No. 7 or
A‐No. 8 of Section IX, Table QW-442 shall require separate
qualifications;

(2) a change from any F‐Number in Section IX, Table
QW-432 to any other F‐Number or to any A‐Number in
Section IX, Table QW-442 or to any analysis not listed
in the tables;

(e) for pipes or tubes of specified wall thickness of
0.100 in. (2.54 mm) or less, an increase or decrease of
10% of specified wall thickness or specified diameter;

(f) for specified wall thicknesses greater than 0.100 in.
(2.54 mm), only one qualification test is required;

(g) a decrease of 10% ormore in the specified width of
the ligament between holes when the specified width of
the ligament is less than the greater of 3∕8 in. (10 mm) or
three times the specified pipe or tube wall thickness;

(h) the addition of other welding positions than those
already qualified (Section IX, Figure QW-461.1);

(i) a change in the specified preheating temperature
range;

(j) a change in the specified postweld heat treating
temperature;

(k) a change from multiple pass to single pass or vice
versa.

NE-4743 Essential Variables for Shielded Metal‐
Arc Welding

Additional essential variables for shielded metal‐arc
welding are as given in (a) and (b) below:

(a) an increase in electrode diameter;
(b) a change from one F‐Number in Section IX, Table

QW/QB-422 or Table QW-432, to any other F‐Number
(Notes 2 and 3 in Section IX, Table QW-432 shall apply).

Figure NE-4730-1
Penetration Assembly
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NE-4744 Essential Variables forGasTungsten‐Arc
and Gas Metal‐Arc Welding

Additional essential variables for gas tungsten‐arc and
gasmetal‐arcweldingareasgiven in (a) through(f)below:

(a) a change in the configuration of the penetration
assembly at the hole edges, including the additionor omis-
sion of preplaced metal inserts;

(b) a change in the size or shape of preplaced metal
inserts;

(c) achange fromoneshieldinggas toanother shielding
gas or to a mixture of shielding gases;

(d) when using mixed shielding gas, a change of ±25%
or5 ft3/hr (0.14m3/hr),whichever is the larger, in the rate
of flow of the minor gas constituent;

(e) for gas tungsten‐arc welding process, the addition
or omission of filler metal;

(f) a change in the nominal diameter of the filler metal.

NE-4745 Test Assembly

The procedure qualification shall be made on a test
assembly which simulates the conditions to be used in
productionwith respect to the hole pattern and the essen-
tial variables listed in NE-4741. In addition, the thickness
of the test assembly at the holes shall be as thick as the
production penetration assembly at the holes, except that
it need not exceed 2 in. (50 mm). The minimum required
number of weld joints shall be ten.

NE-4746 Examination of Test Assembly

The test assembly shall be examined by a liquid pene-
trant method in accordance with the requirements of
NE-5110 and shall meet the acceptance standards of
NE-5350. Following this, the test assembly shall be
sectioned longitudinally through each pipe or tube. The
thickness of the test assembly may be reduced to 1∕2 in.

(13 mm) prior to this sectioning. The four faces of
each pipe or tube exposed by sectioning shall be polished
and etched with a suitable etchant and shall be visually
examined for cracks. The weld throat, minimum leakage
path, shall be not less than two‐thirds of the specified pipe
or tube wall thickness, and the weld shall be free from
cracks on visual examination with ×10 magnification.

NE-4747 Performance Qualification Test

Therequirements for theperformancequalification test
for welders and welding operators shall be the same as
those for the procedure qualification, except that the
minimum required number of tubes in the test assembly
shall be six. Any welder or welding operator whomakes a
procedure test that passes satisfactorily is thereby qual-
ified.

NE-4800 EXPANSION JOINTS

NE-4810 BELLOWS‐TYPE EXPANSION JOINTS

For bellows‐type expansion joints the requirements of
(a) through (e) below shall be met.

(a) All welded joints shall comply with the require-
ments of NE-4400.

(b) The longitudinalweld in the bellows shall be a butt‐
type full penetration weld.

(c) The bellows element of the expansion joint shall be
attached to the welding ends or flange by circumferential
welds of a butt type having full penetration weld through
the thickness of the bellows portion, as shown in
Figure NE-4810(c)-1.

(d) Other than the attachment welds, no circumferen-
tial welds are permitted in the bellows elements.

(e) Weld repairs shall not bepermittedonparentmate-
rial of bellows elements.

Figure NE-4810(c)-1
Bellows Attachment Welds
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ARTICLE NE-5000
EXAMINATION

NE-5100 GENERAL REQUIREMENTS FOR
EXAMINATION OF VESSELS

NE-5110 PROCEDURES, QUALIFICATIONS, AND
EVALUATION

NE-5111 General Requirements

Nondestructive examinations shall be conducted in
accordance with the examination methods of Section V,
except as they may be modified by the requirements of
this Article. Radiographic examination shall be in accor-
dance with Section V, Article 2, except that the geometric
unsharpness shall not exceed the limits of Section V,
Article 2, T-274.2. Ultrasonic examination shall be in
accordancewith Section V, Article 4; magnetic particle ex-
amination shall be in accordance with Section V, Article 7;
and liquid penetrant examination shall be in accordance
with Section V, Article 6. The examinations required by
this Article or by reference to this Article shall be
performed by personnel who have been qualified as
required by this Article. The results of the examinations
shall be evaluated in accordancewith the acceptance stan-
dards of this Article.

NE-5112 Nondestructive Examination Procedures

All nondestructive examinations required by this
Article shall be performed in accordance with detailed
written procedures which have been proven by
actual demonstration to the satisfaction of the Inspector.
The procedures shall comply with the appropriate Article
of Section V for the particular examination method. The
digitization of radiographic film and radioscopic images
shall meet the requirements of Section V, Article 2,
Mandatory Appendix III, “Digital Image Acquisition,
Display, and Storage for Radiography and Radioscopy.”
Written procedures and records of demonstration of
procedure capability and personnel qualification shall
be made available to the Inspector on request. At least
one copy of the procedure shall be readily available to
all applicable nondestructive examination personnel
for reference and use.

NE-5113 Post‐Examination Cleaning

Following any nondestructive examination inwhich ex-
amination materials are applied to the piece, the piece
shall be thoroughly cleaned in accordancewith applicable
material or procedure specifications.

NE-5120 TIME OF EXAMINATION OF WELDS

Acceptance examination of welds required by NE-5200
shall be performed at the times stipulated in (a), (b), and
(c) below.

(a) Radiographic examination of all welds in vessels
may be performed prior to any required postweld heat
treatment.

(b) Magnetic particle or liquid penetrant examinations
shall beperformedafter any requiredpostweldheat treat-
ment, except that welds in P‐No. 1 material may be exam-
ined either before or after postweld heat treatment.

(c) All dissimilarmetalweld joints, such as in austenitic
or high nickel to ferritic material or using austenitic or
high nickel alloy filler metal to join ferritic materials,
which penetrate the vessel wall shall be examined
after final postweld heat treatment.

(d) Ultrasonic examination of electroslag welds in
ferritic materials shall be performed after a grain refining
heat treatment, when performed, or after final postweld
heat treatment.

NE-5130 EXAMINATION OF WELD EDGE
PREPARATION SURFACES

All full penetration weld edge preparation surfaces for
joint Categories A, B, C, D, and similar joints in material
2 in. or more in thickness shall be examined by the
magnetic particle or liquid penetrant method. Indications
shall be evaluated in accordancewith the acceptance stan-
dards of (a), (b), and (c) below.

(a) Only indications with major dimensions greater
than 1∕16 in. (1.5 mm) shall be considered relevant imper-
fections.

(b) Laminar‐type imperfectionsareacceptablewithout
repair if they do not exceed 1 in. (25 mm) in length. The
extent of all laminar‐type imperfections exceeding 1 in.
(25 mm) in length shall be determined by ultrasonic ex-
amination. Imperfections exceeding 1 in. (25 mm) in
length shall be repaired by welding to a depth of 3∕8 in.
(10 mm)
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or the depth of the imperfection, whichever is less, unless
the ultrasonic examination reveals that additional depth
of repair is required to meet the ultrasonic examination
requirement for the product form.

(c) Indications of nonlaminar imperfections of (1)
through (3) below are unacceptable:

(1) any linear indications greater than 3∕16 in. (5mm)
long;

(2) rounded indications with dimensions greater
than 3∕16 in. (5 mm);

(3) four or more indications, in a line separated by
1∕16 in. (1.5 mm) or less, edge to edge.

(d) Weld repairs made to weld edge preparations for
CategoryA, B, C, D, or similar typewelds shall be examined
by the magnetic particle or liquid penetrant method
before the surfaces become inaccessible. The examination
may be performed before or after postweld heat treat-
ment.

NE-5200 REQUIREDEXAMINATIONOFWELDS

NE-5210 CATEGORY A WELDED JOINTS

NE-5211 Butt-Welded Joints

Category A welded joints shall be fully radiographed.

NE-5220 CATEGORY B WELDED JOINTS

NE-5221 Butt Welds

Circumferential welds as defined in NE-3351.2 shall be
radiographed. The provision of NE-5280 is applicable.

NE-5222 Socket Welds

Socketwelds shall be examinedby themagnetic particle
or liquid penetrant method.

NE-5230 CATEGORY C WELDED JOINTS

NE-5231 Butt Welds

Category C butt welds shall be radiographed.

NE-5232 Non-Butt-Welded Joints

(a) If other than a butt-welded joint detail is used, it
shall be examined by the ultrasonic method, magnetic
particle method, or liquid penetrant method.

(b) When a pressure-retaining part is to be welded to a
plate thicker than 1∕2 in. (13 mm) to form a corner joint as
shown in FiguresNE-4243-1 andNE-4243-2, sketches (a),
(b), and (c), the plate shall be examined beforewelding on
all cut edges adjacent to theweld, including those forweld
joint preparation, bymagnetic particle or liquid penetrant
examination. After welding, all such edges that remain
exposed shall be reexamined. Where the material is
nonmagnetic, only the liquid penetrant method shall
be used.

NE-5240 CATEGORY D WELDED JOINTS

NE-5241 Butt Welds

Category D butt welds shall be radiographed.

NE-5242 Non-Butt-Welded Joints

If other than a butt-welded joint detail is used, it shall be
examined by an ultrasonic method, a magnetic particle
method, or a liquid penetrant method. Welds on reinfor-
cing plates attached to the outside of the vessel shall be
solution film tested with a pressure of at least 15 psi (100
kPa) under the reinforcing plate.

NE-5244 Weld Buildup Deposits for Openings and
Nozzles

When weld buildup deposits are made to a surface as
shown in Step 1 of Figure NE-4244(c)-1, the weld buildup
deposit, the fusion zone, and the parentmetal beneath the
weld buildup deposit shall be ultrasonically examined to
assure freedom from lack of fusion and laminar defects.
Opening structures or nozzles may then be attached by a
full penetration weld as shown in Step 2 of Figure
NE-4244(c)-1. The full penetration weld shall be exam-
ined in accordance with NE-5241.

NE-5260 ATTACHMENTS

NE-5261 Butt-Welded Joints

All butt-welded joints in pressure-retaining parts not
included in Categories A, B, C, and D, such as those on
doors, opening frames, permanent attachments, and
similar construction, shall be radiographed. Butt welds
in non-pressure‐retaining structural parts attached to
pressure-retaining parts shall be fully radiographed for
a minimum distance of 16t, where t is the thickness of
the structural part.

NE-5262 Non-Butt-Welded Joints

If other than a butt-welded joint detail is used on pres-
sure-retaining parts, it shall be examined by an ultrasonic
method, a magnetic particle method, or a liquid penetrant
method, all in accordance with NE-5110. For non-pres-
sure‐retaining structural parts attached to pressure-
retaining parts in which nonbutt‐welds are used, the
portion of the attachment within the limit of 16t shall
be examined in the same manner.

NE-5270 SPECIAL WELDS

Weld metal cladding shall be examined by the liquid
penetrant method.
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NE-5278 Electroslag Welds

In addition to the requirements for the type of weld
being examined, all complete penetration welds made
by the electroslag welding process in ferritic materials
shall be ultrasonically examined.

NE-5280 SPECIAL EXCEPTIONS FOR
RADIOGRAPHY

(a) When the joint detail does not permit radiographic
examination to be performed in accordance with this
Article, ultrasonic examination plus liquid penetrant or
magnetic particle examination of the completed weld
may be substituted for the radiographic examination.
The absence of suitable radiographic equipment shall
not be justification for such a substitution. The substitu-
tion of ultrasonic examination can be made, provided the
examination is performed using a detailed written proce-
dure that has been proven by actual demonstration to the
satisfaction of the Inspector as capable of detecting and
locating defects described in this Subsection. The nonde-
structive examination shall be in accordance with
NE-5110 and shall meet the acceptance standards of
NE-5300.

(b) AspermittedbyNE-3352.2(b), surface examination
of the root pass and completed weld in accordance with
NE-5340 or NE-5350may be substituted for radiographic
examination required in NE-5221 for Category B butt
welds in electrical penetration assemblies. In addition,
for welds thicker than a nominal 3∕8 in. (10 mm), an inter-
mediate surface examination shall be performed at
approximately half the weld thickness to be deposited.

NE-5300 ACCEPTANCE STANDARDS

NE-5320 RADIOGRAPHIC ACCEPTANCE
STANDARDS

Indications shown on the radiographs of welds and
characterized as imperfections are unacceptable under
the following conditions:

(a) any indication characterized as a crack or zone of
incomplete fusion or penetration;

(b) any other elongated indication which has a length
greater than

(1) 1∕4 in. (6 mm) for t up to 3∕4 in. (19 mm), inclusive
(2) 1∕3t for t from 3∕4 in. to 21∕4 in. (19 mm to 57 mm),

inclusive
(3) 3∕4 in. (19 mm) for t over 21∕4 in. (57 mm)

where t is the thickness of the thinner portion of theweld;
(c) internal root weld conditions are acceptable when

the density change or image brightness difference as indi-
cated in the radiograph is not abrupt; elongated indica-
tions on the radiograph at either edge of such conditions
shall be unacceptable, as provided in (b) above;

(d) 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;

(e) rounded indications in excess of that shown as ac-
ceptable in Section III Appendices, Mandatory Appendix
VI.

NE-5330 ULTRASONIC ACCEPTANCE STANDARDS

All imperfections which produce a response greater
than 20% of the reference level shall be investigated
to the extent that the operator can determine the
shape, identity, and location of all such imperfections
and evaluate them in terms of the acceptance standards
as given in (a) and (b) below.

(a) Imperfections are unacceptable if the indications
exceed the reference level amplitude and have lengths
exceeding

(1) 1∕4 in. (6 mm) for t up to 3∕4 in. (19 mm), inclusive
(2) 1∕3t for t from 3∕4 in. to 21∕4 in. (19 mm to 57 mm),

inclusive
(3) 3∕4 in. (19 mm) for t over 21∕4 in. (57 mm)

where t is the thickness of the weld being examined; if a
weld joins two members having different thicknesses at
the weld, t is the thinner of these two thicknesses.

(b) Indications characterized as cracks, lack of fusion,
or incomplete penetration are unacceptable regardless of
length.

NE-5340 MAGNETIC PARTICLE ACCEPTANCE
STANDARDS

NE-5341 Evaluation of Indications

(a) Mechanical discontinuities at the surface are
revealed by the retention of the examination medium.
All indications are not necessarily defects, however,
since certain metallurgical discontinuities and magnetic
permeability variations may produce similar indications
which are not relevant.

(b) Any indication which is believed to be nonrelevant
shall be reexamined by the same or other nondestructive
examination methods to verify whether or not actual
defects are present. Surface conditioning may precede
the reexamination. After an indication has been verified
to benonrelevant, it is not necessary to reinvestigate repe-
titive nonrelevant indications of the same type. Nonrele-
vant indications which would mask defects are
unacceptable.

(c) Relevant indications are indications which result
from imperfections. Linear indications are indications
in which the length is more than three times the
width. Rounded indications are indications which are
circular or elliptical with the length equal to or less
than three times the width.
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NE-5342 Acceptance Standards

(a) Only imperfections producing indications with
major dimensions greater than 1∕16 in. (1.5 mm) are
required to be evaluated for acceptance.

(b) Imperfections producing the following indications
are unacceptable:

(1) linear indications with dimensions greater than
1∕16 in. (1.5 mm);

(2) rounded indications with dimensions greater
than 3∕16 in. (5 mm);

(3) four or more rounded indications in a line sepa-
rated by 1∕16 in. (1.5 mm) or less edge to edge;

(4) ten or more rounded indications in any 6 in.2
(4 000 mm2) of surface with the major dimension of
this area not to exceed 6 in. (150 mm) with the area
taken in themost unfavorable location relative to the indi-
cations being evaluated.

NE-5350 LIQUID PENETRANT ACCEPTANCE
STANDARDS

NE-5351 Evaluation of Indications

(a) Mechanical discontinuities at the surface are
revealed by bleeding out of the penetrant; however, loca-
lized surface discontinuities such as may occur from
machining marks or surface conditions may produce
similar indications which are nonrelevant.

(b) Any indication that is believed to be nonrelevant
shall be reexamined to verify whether or not actual
defects are present. Surface conditioning may precede
the reexamination. Nonrelevant indications and broad
areas of pigmentation which would mask defects are un-
acceptable.

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

NE-5352 Acceptance Standards

(a) Only imperfections producing indications with
major dimensions greater than 1∕16 in. (1.5 mm) are
required to be evaluated for acceptance.

(b) Imperfections producing the following indications
are unacceptable:

(1) linear indications with dimensions greater than
1∕16 in. (1.5 mm);

(2) rounded indications with dimensions greater
than 3∕16 in. (5 mm);

(3) four or more rounded indications in a line sepa-
rated by 1∕16 in. (1.5 mm) or less edge to edge;

(4) ten or more rounded indications in any 6 in.2
(4 000 mm2) of surface with the major dimension of
this area not to exceed 6 in. (150 mm) with the area

taken in themost unfavorable location relative to the indi-
cations being evaluated.

NE-5500 QUALIFICATIONS AND
CERTIFICATION OF
NONDESTRUCTIVE EXAMINATION
PERSONNEL

NE-5510 GENERAL REQUIREMENTS

Organizations performing Code required nondestruc-
tive examinations shall use personnel competent and
knowledgeable to the degree specified by NE-5520.
When these services are subcontracted by the Certificate
Holder orQuality SystemCertificateHolder, he shall verify
the qualification of personnel to the requirements of
NE-5520. All nondestructive examinations required by
this Subsection shall be performedby and the results eval-
uated by qualified nondestructive examination personnel.

NE-5520 PERSONNEL QUALIFICATION,
CERTIFICATION, AND VERIFICATION

NE-5521 Qualification Procedure

(a) Personnel performing nondestructive examina-
tions shall be qualified in accordance with the recom-
mended guidelines of SNT‐TC‐1A.14, 15 The ACCP Level
II and III provisions for qualification and certification
and theASNTadministeredLevel II certification provision
for qualification and certification of NDE Personnel shall
not be used for Section III. The Employer’s16 written prac-
tice required by paragraph 5 of SNT‐TC‐1A shall identify
his requirements relative to the recommended guidelines.
The recommended guidelines of SNT‐TC‐1A shall be
considered minimum requirements, except as modified
in (1) through (5) below.

(1) Qualification of Level III nondestructive exami-
nation personnel shall be by examination.

(-a) The basic and method examinations, para-
graphs 8.8.1 and 8.8.2 of SNT‐TC‐1A, may be prepared
and administered by the Employer, ASNT, or an
outside agency.

(-b) The specific examination, paragraph 8.8.3 of
SNT‐TC‐1A, shall be prepared and administered by the
Employer or an outside agency. The Employer or
outside agency administering the specific examination
shall identify the minimum grade requirement in the
written program when the basic and method examina-
tions have been administered by ASNT, which issues
grades on a pass/fail basis. In this case, the minimum
grade for the specific examination may not be less
than 80%.

(2) The written practice identified in paragraph 5 of
SNT‐TC‐1A and the procedures used for examination of
personnel shall be referenced in the Employer’s
Quality Program.
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(3) The number of hours of training and experience
for nondestructive examination personnel who perform
only one operation of a nondestructive examination
method that consists of more than one operation, or
perform nondestructive examination of limited scope,
may be less than that recommended in Table 6.3.1 A
of SNT‐TC‐1A. The training and experience times shall
be described in the written practice, and any limitations
or restrictions placed on the certification shall be
described in the written practice and on the certificate.

Theminimum classroom training times for visual ex-
amination personnel identified in Table 6.3.1 A of SNT-TC-
1A for Level II certification may be reduced from 16 hr to
8 hr.

(4) For the near-vision acuity examination, the
Jaeger Number 1 letters shall be used in lieu of the
Jaeger Number 2 letters specified in paragraph 8.2.1 of
SNT-TC-1A. The use of equivalent type and size letters
is permitted.

(5) An NDE Level I individual shall be qualified to
properly perform specific setups, specific calibrations,
specific NDE, and specific evaluations for acceptance or
rejection determinations according to written instruc-
tions, and to record results. The NDE Level I individual
shall receive the necessary instruction and supervision
from a certified NDE Level II or Level III individual. A
Level I individual may independently accept the results
of nondestructive examinations when the specific accep-
tance criteria are defined in the written instructions.

(b) For nondestructive examination methods not
covered by SNT‐TC‐1A documents, personnel shall be
qualified to comparable levels of competency by subjec-
tion to comparable examinationson theparticularmethod
involved.

(c) The emphasis shall be on the individual’s ability to
perform the nondestructive examination in accordance
with the applicable procedure for the intended applica-
tion.

(d) For nondestructive examination methods that
consist of more than one operation or type, it is permis-
sible to use personnel qualified to perform one or more
operations. As an example, one personmay be usedwho is
qualified to conduct radiographic examination and
another may be used who is qualified to interpret and
evaluate the radiographic film.

NE-5522 Certification of Personnel

(a) The Employer retains responsibility for the
adequacy of the program and is responsible for certifica-
tion of Levels I, II, and III nondestructive examination per-
sonnel.

(b) WhenASNT is the outside agency administering the
L e v e l I I I b a s i c a n d me t h o d e x am i n a t i o n s
[NE-5521(a)(1)(-a)], the Employer may use a letter
from ASNT as evidence on which to base the certification.

(c) When an outside agency is the examining agent for
Level III qualification of the Employer’s personnel, the ex-
amination results shall be included with the Employer’s
record.

NE-5523 Verification of Nondestructive
Examination Personnel Certification

The Certificate Holder has the responsibility to verify
the qualification and certification of nondestructive exam-
ination personnel employed by Material Organizations
qualified by them in accordance with NCA‐3820 and
subcontractors who provide nondestructive examination
services to them.

NE-5530 RECORDS

Personnel qualification records identified in paragraph
9.4 of SNT‐TC‐1A shall be retained by the Employer.

NE-5700 EXAMINATION REQUIREMENTS FOR
EXPANSION JOINTS

NE-5710 BELLOWS EXPANSION JOINTS

Theexaminations stipulated in (a) through(f)beloware
required to verify the integrity of bellows expansion joints
for installation in nuclear containment systems.

(a) The formed bellows shall be determined by visual
examination tobe freeofdefects, suchasnotches, crevices,
material builduporupsetting, andweld spatterwhichmay
serve as points of local stress concentration. Suspect
surface areas shall be further examined by liquid pene-
trant examination in accordance with NE-5110.

(b) The longitudinalwelds in thebellowsshall beexam-
ined by the liquid penetrant method in accordance with
NE-5111.When the individual ply thickness exceeds 1∕8 in.
(3mm), theweld shall also be radiographed in accordance
with NE-5111. These examinations may be performed
either before or after the bellows is formed.

(c) The circumferential attachment weld between the
bellows andweld ends or flanges shall be liquid penetrant
examined in accordance with NE-5110 when the total
bellows thickness is 1∕4 in. (6 mm) or less. When the
total thickness exceeds this limit, the weld shall be radio-
graphed in accordancewith NE-5110 except where radio-
graphy is not meaningful, i.e., when the weld thickness
constitutes less than 20% of the total thickness being
radiographed, liquid penetrant examination may be
substituted.

(d) In the case of liquid penetrant examination of
bellows weld joints, imperfections producing the
following indications are unacceptable:

(1) cracks or linear indications;
(2) four or more rounded indications in a line sepa-

rated by 1∕16 in. (1.5 mm) or less edge to edge;
(3) five or more randomly distributed rounded indi-

cations in a weld length of 6 in. (150 mm);
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(4) any rounded indication exceeding the lesser of
one‐half the bellows thickness or 1∕16 in. (1.5 mm) in
diameter.

(e) The examination of all otherwelds in the expansion
joint shall comply with Article NE-5000.

(f) The variation of the cylindrical end thickness of the
formed bellows from the nominal or specified thickness
shall not exceed the values given in Section II, Part A,
SA-480/SA-480M,Table2.Thinningofthebellowsmaterial
duringformingshallbeconsideredinthedesignandselectio
nofmaterialthicknessbutneednotbelimitedtovaluesspecif
ied in Section II, Part A, SA-480/SA-480M, Table 2.
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ARTICLE NE-6000
TESTING

NE-6100 GENERAL REQUIREMENTS

NE-6110 PRESSURE TESTING OF VESSELS AND
APPURTENANCES

NE-6111ð21Þ Scope of Pressure Testing

All pressure-retaining vessels and appurtenances
(hereafter reference is to vessels only) shall be pressure
tested. Bolts, studs, nuts, washers, nonwelded access
opening covers,, and gaskets are exempted from the pres-
sure test.

NE-6112 Pneumatic Testing

A pneumatic test in accordance with NE-6300 may be
substituted for the hydrostatic test when permitted by
NE-6112.1(a).

NE-6112.1 Pneumatic Test Limitations.

(a) Apneumatic testmaybeused in lieuof ahydrostatic
test only when any of the following conditions exists:

(1) when the vessels are so designed or supported
that they cannot be safely filled with liquid;17

(2) when the vessels, which are not readily dried, are
to be used in services where traces of the testing medium
cannot be tolerated.

(b) Apneumatic test at a pressure not to exceed 10%of
the test pressure may be applied prior to either a hydro-
static or a pneumatic test as a means of locating leaks.

NE-6112.2 Precautions to Be Employed in Pneumatic
Testing. Compressed gaseous fluid is hazardous when
used as a testing medium. It is therefore recommended
that special precautions for protection of personnel be
taken when a gaseous fluid under pressure is used as
a test medium.

NE-6113 Witnessing of Pressure Tests

Pressure testing required by this Article shall be
performed in the presence of the Inspector.

NE-6120 PREPARATION FOR TESTING

NE-6121 Exposure of Joints

All joints, including welded joints, shall be left uninsu-
lated and exposed for examination during the test, except
as permitted in NE-6225.

NE-6122 Addition of Temporary Supports

Vessels designed to contain vapor or gas may be
provided with additional temporary supports, if neces-
sary, to support the weight of the test liquid.

NE-6123 Restraint or Isolation of Expansion Joints

Expansion joints shall be provided with temporary
restraints, if required, for the additional pressure load
under test.

NE-6124 Isolation of Equipment Not Subjected to
Pressure Test

Equipment that is not to be subjected to the pressure
test shall be either disconnected from the vessel or
isolated during the test by a blind flange or similar
means. Valvesmaybeused if thevalveswith their closures
are suitable for the proposed test pressure.

NE-6125 Treatment of Flanged Joints Containing
Blanks

Flanged joints at which blanks are inserted to isolate
other equipment during the test need not be retested.

NE-6126 Precautions Against Test Medium
Expansion

If a pressure test is to bemaintained for a period of time
and the test medium in the system is subject to thermal
expansion, precautions shall be taken to avoid excessive
pressure.

NE-6127 Checkof Test EquipmentBeforeApplying
Pressure

The test equipment shall be examined before pressure
is applied to ensure that it is tight and that all lowpressure
filling lines andother items that should not be subjected to
the test have been disconnected or isolated.
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NE-6200 HYDROSTATIC TESTS

NE-6210 HYDROSTATIC TEST PROCEDURE

NE-6211 Venting During Fill Operation

The vessel in which the test is to be conducted shall be
vented during the filling operation to minimize air pock-
eting.

NE-6212 Test Medium and Test Temperature

(a) Water or an alternative liquid, as permitted by the
Design Specification, shall be used for the hydrostatic test.

(b) It is recommended that the test be made at a
temperature that will minimize the possibility of brittle
fracture. The test pressure shall not be applied until
the vessel and the pressurizing fluid are at approximately
the same temperature.

NE-6220 HYDROSTATIC TEST PRESSURE
REQUIREMENTS

NE-6221 Minimum Hydrostatic Test Pressure

Thevessel shall behydrostatically testedatnot less than
1.2 times the Design Pressure.

NE-6222 Maximum Permissible Test Pressure

The stress limits specified in NE-3226 shall be used in
determining the maximum permissible test pressure. In
multichamber components, pressure may be simulta-
neously applied to the appropriate adjacent chamber
to satisfy these stress limits.

NE-6223 Hydrostatic Test Pressure Holding Time

The hydrostatic test pressure shall be maintained a
minimum of 10 min prior to initiation of the examination
for leakage required by NE-6224.

NE-6224 Examination for Leakage After
Application of Pressure

Following the application of the hydrostatic test pres-
sure for the required time (NE-6223), all joints, connec-
tions, and regions of high stress, such as regions around
openings and thickness transition sections, shall be exam-
ined for leakage, except as provided in NE-6225. This ex-
amination shall bemade at a pressure equal to the greater
of the Design Pressure or three‐fourths of the test pres-
sure, and it shall bewitnessed by the Inspector. Leakage of
temporary gaskets and seals, installed for the purpose of
conducting the hydrostatic test andwhichwill be replaced
later, may be permitted unless the leakage exceeds the
capacity tomaintain system test pressure for the required
amountof time.Other leaks, suchas those frompermanent
seals, seats, and gasketed joints in components, may be
permitted when specifically allowed by the Design Spec-

ification. Leakage from temporary seals or leakage
permitted by the Design Specification shall be directed
away from the surface of the component to avoid
masking leaks from other joints.

NE-6225 Examination of Inaccessible Welds

Examination of inaccessible pressure-retaining welds
of containment vessels during the pressure test is
waived where such joints are covered by concrete or
otherwise made inaccessible during construction of the
vessel, provided that:

(a) no openings or penetrations are embedded in the
concrete;

(b) the nozzle is integrally reinforced and is attached to
the shell by a full penetration weld;

(c) prior to being covered or made inaccessible, the
welds are examined by the radiographic or ultrasonic
method;

(d) prior to being covered or made inaccessible, the
welded joint is tested for leak tightness using a gas
medium test such as the Halide Leak Detection Test or
Vacuum Box Test.

NE-6230 BELLOWS EXPANSION JOINTS

The hydrostatic test requirements for bellows expan-
sion joints shall be as required in (a) through (c) below.

(a) The completed expansion joint shall be subjected to
a hydrostatic test in accordancewith the applicable provi-
sions of this Article as supplemented by the Design Spec-
ification.

(b) This test may be performed with the bellows fixed
in the straight position, at its neutral length, when the
d e s i g n h a s b e e n s h o w n t o c o m p l y w i t h
NE-3366.2(e)(1) or NE-3366.2(e)(2). If the design is to
complywithNE-3366.2(e)(3), this test shall be performed
with the bellows fixed at the maximum design rotation
angle or offset movement.

(c) In addition to inspecting the expansion joint for
leaks and general structural integrity during the test,
the Inspector shall also visually inspect the bellows for
evidence of meridional yie lding as def ined in
NE-3366.2(b), and for evidence of squirm as defined in
NE-3366.2(c) . I f the design is to comply with
NE-3366.2(e)(3), actual measurements shall be made
before, during, and after the pressure test in accordance
with NE-3366.2(b) and NE-3366.2(c).

NE-6300 PNEUMATIC TESTS

NE-6310 PNEUMATIC TESTING PROCEDURES

NE-6311 General Requirements

When a pneumatic test is performed, it shall be
conducted in accordance with the requirements of this
subarticle and NE-6100. In some cases it is desirable
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to test vessels when partly filled with liquids. For such
vessels, a combined hydrostatic and pneumatic test
may be used as an alternative to the pneumatic test of
this paragraph provided the liquid level is set so that
the stress intensities of NE-3226 are not exceeded.
After setting the liquid level to meet this condition, the
test shall be conducted as prescribed in this subarticle.

NE-6312 Test Medium and Test Temperature

(a) The gas used as the test medium shall be nonflam-
mable.

(b) Testing temperature shall be in accordance with
NE-6212(b).

NE-6313 Procedure for Applying Pressure

The pressure in the system shall be gradually increased
to not more than one‐half of the test pressure, after which
the pressure shall be increased in steps of approximately
one‐tenth of the test pressure until the required test pres-
sure has been reached.

NE-6320 PNEUMATIC TEST PRESSURE
REQUIREMENTS

NE-6321 Minimum Required Pneumatic Test
Pressure

Thepneumatic test pressure for vessels shall not be less
than 1.1 times the Design Pressure of the vessel.

NE-6322 Maximum Permissible Test Pressure

The maximum test pressure shall be limited as defined
in NE-6222.

NE-6323 Test Pressure Holding Time

The test pressure of NE-6321 shall be maintained for a
minimum total time of 10 min.

NE-6324 Examination for Leakage After
Application of Pressure

Following the application of pressure for the time speci-
fied in NE-6323, the test pressure shall be reduced to a
value equal to the greater of the Design Pressure or three‐
fourths of the test pressure andheld for a sufficient time to
permit examination as defined in NE-6224.

NE-6400 PRESSURE TEST GAGES

NE-6410 REQUIREMENTS FOR PRESSURE TEST
GAGES

NE-6411 Types of Gages to Be Used and Their
Location

Pressure test gages used in pressure testing shall be
indicating pressure gages and shall be connected directly
to the vessel. If the indicating gage is not readily visible to
the operator controlling the pressure applied, an addi-
tional indicating gage shall be provided where it will
be visible to the operator for the duration of the test.
For vessels with a large volumetric content, it is recom-
mended that a recording gage be used in addition to the
indicating gages.

NE-6412 Range of Indicating Pressure Gages

(a) Analog‐type indicating pressure gages used in
testing shall be graduated over a range not less than
11∕2 times nor more than 4 times the test pressure.

(b) Digital‐type pressure gages may be used without
range restriction provided the combined error due to cali-
bration and readability does not exceed 1% of the test
pressure.

NE-6413 Calibration of Pressure Test Gages

All test gages shall be calibrated against a standarddead
weight tester or a calibrated master gage. The test gages
shall be calibrated before each test or series of tests. A
series of tests is that group of tests using the same pres-
sure test gage or gageswhich is conductedwithin a period
not exceeding 2 weeks.

NE-6700 CONTAINMENT PENETRATION

NE-6710 PRESSURE TESTS

NE-6711 Electrical and Mechanical Penetration
Assemblies

Electrical and mechanical penetration assemblies shall
be tested in accordance with the requirements of this
Article, except that when electrical and mechanical pene-
trations are made following the containment vessel pres-
sure test, the test pressure of the welds connecting the
electrical or mechanical penetration to the containment
vessel may be less than the required containment test
pressure but shall be not less than the design pressure
of the containment vessel.

NE-6712 Piping Penetrations

Piping penetration assemblies shall be tested in accor-
dance with the requirements of this Article, except that
when piping penetrations are made following the
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containment vessel pressure test, the test pressure of the
welds connecting the piping to the containment vessel
may be less than the required containment test pressure
but shall be not less than the design pressure of the
containment vessel. The provisions of NB‐6111 or

NC‐6111, as appropriate, apply to the process piping
portion of the penetration assembly. The N‐5 Data
Report Form shall identify the test pressure used for
each of the above pipe penetration weld connections.
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ARTICLE NE-7000
OVERPRESSURE PROTECTION

NE-7100 GENERAL REQUIREMENTS

NE-7110 SCOPE

(a) A containment vessel shall be protected from the
consequence arising from the application of conditions of
pressureandcoincident temperature thatwould cause the
Service or Test Limits specified in theDesign Specification
to be exceeded. Pressure relief or vacuum relief devices
arenot requiredwhere theServiceorTest Limits specified
in the Design Specification are not exceeded.

(b) Pressure relief devices not permanently installed in
accordance with NE-7141 shall be removed from the
containment vessel before placing the vessel in service.

(c) It is recognized that the fundamental purpose of a
containment vessel may be nullified by the incorporation
of pressure relief valves discharging directly into the en-
vironment. Vacuum relief devices or systems, including
venting with controlled discharge or condensation
systems, may be essential to protect against differential
pressures in excess of design external pressures.

NE-7111 General Definitions

(a) Overpressure, as used in this Article, refers to
changes in differential pressure resulting from thermal
imbalances and similar phenomena capable of causing
a differential pressure change of sufficient duration to
be compatible with the dynamic response characteristics
of the pressure relief devices listed in this Article.

(b) The basic definitions of pressure relief devices as
specified in this Article are given in ASME PTC 25.

(c) Primary Pressure is the pressure of the fluid at the
inlet of the pressure relief device.

(d) SecondaryPressure is that valueof pressureexisting
in the passage between the actual discharge area and the
outlet forwhich thedischargesystemof thepressure relief
devices shall be designed.

NE-7120 INTEGRATED OVERPRESSURE
PROTECTION

Overpressure protection of the components shall be
provided by one of the followingmethods as an integrated
overpressure protection:

(a) the use of vacuum relief or pressure relief devices,
or both, and their associated pressure-sensing elements;
or

(b) a component designed not to exceed Service Limits
specified in the Design Specification (pressure relief
devices are not required on containment vessels designed
and built to safely contain all radioactive substances that
may be released into the containment atmosphere).

NE-7130 PROVISIONSFORCHECKINGOPERATION
OF PRESSURE RELIEF DEVICES

NE-7131 Design Provisions

Relief devices shall bedesigned so thatpotential impair-
ment of the overpressureprotection function fromservice
exposure to fluids can be determined by test or examina-
tion.

NE-7132 Construction Provisions

Relief devices shall be constructed and installed so that
their correct operation and the reliability of their asso-
ciated pressure-sensing elements under service or test
conditions can be demonstrated, as may be required
by regulatory and enforcement authorities having juris-
diction at the nuclear power plant site.

NE-7140 INSTALLATION PROVISIONS

NE-7141 Installation of Relief Devices

(a) The connection between a component and its pres-
sure relief valve shall have a minimum inside diameter
equal to or greater than the nominal size of the pressure
relief valve inlet. The opening in the connection shall be
designed to provide direct and unobstructed flow
between the component and itspressure relief valve. Pres-
sure drop resulting from the accumulated line losses
between the protected component and the relief valve
shall be compatible with the valve performance charac-
teristic.

(b) Spring‐loaded pressure relief valves should
normally be installed in the upright position with the
spindle vertical. Where space or piping configuration
precludes such an installation, the valve may be installed
in other than the vertical position, provided the following
conditions are met:

(1) the valve design is confirmed by the NV Certifi-
cate Holder with documentation as being satisfactory for
such position; and
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(2) the valve has been pressure tested in the same
position as the installation.

(c) The area of the discharge piping from a pressure
relief device shall not be less than the area of the discharge
connection. The size and length of the discharge piping
shall be such that any back pressure that may exist or
develop will not reduce the relieving capacity below
that required to protect the components.

NE-7142 Provisions When Stop Valves Are Used

No stop valves or other devices shall be placed in the
inlet or discharge lines of a relief device so that they could
reduce the protection below that required by the rules of
this Article, unless such stop valves are constructed and
installed with controls and interlocks so that the relieving
capacity requirements are met under all conditions of
operation. Means shall be provided to verify that the
operation of controls and interlocks can be verified.

NE-7150 ACCEPTABLE PRESSURE RELIEF
DEVICES

NE-7151 Pressure Relief Valves

Pressure relief valves shall meet the Construction re-
quirements applicable to Class 2 valves.

NE-7152 Vacuum Relief Devices

(a) Vacuum relief devices shall meet the construction
requirements applicable to Class 2 valves and the addi-
tional requirements of this Article.

(b) Balanced self‐actuating, horizontally installed,
swinging disk valves, or vertically installed, vacuum
disk or pallet‐type valves, with provisions for adjustment
of the differential pressure under which the valves
operate, are acceptable types.

(c) Valve devices intended to provide vacuum relief,
and which are operated by indirect means depending
upon an external energy source, such as electrical, pneu-
matic, or hydraulic systems, are not acceptable unless the
conditions given in (1) and (2) below are met:

(1) at least two independent external power‐oper-
ated valve and control systems are employed so that
the required relieving capacity is obtained if any one
of the valve systems should fail to operate when called
upon to do so; and

(2) at least one self‐actuatingvacuumrelief device, of
a type specified in (b) above, of equivalent relieving ca-
pacity is provided in series with each of the external
power‐operated valves.

NE-7160 UNACCEPTABLE RELIEF DEVICES

NE-7161 Nonreclosing Pressure Relief Devices

Nonreclosing pressure relief devices are unacceptable.

NE-7200 OVERPRESSURE PROTECTION
REPORT

NE-7210 RESPONSIBILITY FOR REPORT

The provisions intended to meet the requirements of
this Article shall be the subject of an Overpressure Protec-
tion Report prepared by the Owner or his designee.

NE-7220 CONTENT OF REPORT

The Overpressure Protection Report shall define the
protected vessel and the integrated overpressure protec-
tion provided. As a minimum, the report shall include (a)
through (k) below:

(a) identification of specific ASME Section III,
Article NE-7000 Edition and Addenda and applicable
Code Cases used in the design of the overpressure protec-
tion system;

(b) drawings showing the arrangement of the
protected vessel, including the pressure and/or
vacuum relief devices employed;

(c) the range of operating conditions, including the
effect of discharge piping back pressure under which
the pressure relief devices are required to function;

(d) an analysis of the conditions that give rise to the
maximum pressure and/or vacuum relieving require-
ments;

(e) the relief capacity required to prevent a differential
pressure in the vessel in accordance with the require-
ments in NE-7300;

(f) the operating controls or safety controls of the
protected vessel upon which the anticipated required
relief capacity of (d) above, and the maximum pressure
and temperature of (c) above are predicted;

(g) the redundancy and independence of the pressure
and/or vacuum relief devices, and their associated pres-
sure sensors and controls employed to preclude a loss of
overpressure protection in the event of a failure of any
pressure or vacuum relief device, sensing element, asso-
ciated control, or external power source;

(h) the design secondary pressure, including a justifi-
cationof thevalue identified in theDesignSpecification for
pressure relief devices;

(i) the analysis of pressure transient conditions,
including those associatedwith the response time of pres-
sure and/or vacuum relief devices;

(j) consideration of set pressure and blowdown limita-
tions in accordance with NE-7500, taking into account
openingpressure tolerancesandoverpressureof thepres-
sure relief device;

(k) when pressure relief devices are not required, veri-
fication is to include reference to the applicable require-
ment in Article NE-3000 that demonstrates that the
Service Limits for the vessel do not exceed the Service
Limits specified in the Design Specification for all
service loadings.
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NE-7230 CERTIFICATION OF REPORT

The report, after it hasbeen reconciledwith the require-
ments of this Article, shall be certified by one or more
Certifying Engineers competent in the applicable field
of design and qualified in accordance with the require-
ments of Section III Appendices, Mandatory Appendix
XXIII.

NE-7240 REVIEW OF REPORT AFTER
INSTALLATION

(a) After completion of the installation of the protected
vessel anas‐built drawingshall beprepared.TheOwneror
his designee shall review the Overpressure Protection
Report against the as‐built vessel.

(b) The results of this review shall be documented in an
addendum to the Overpressure Protection Report. The
addendum shall contain a copy of the as‐built drawing
and shall include either:

(1) a statement that the as‐built vessel meets the re-
quirements of the Overpressure Protection Report; or

(2) a revision to the Overpressure Protection Report
to make it agree with the as‐built vessel; or

(3) a description of the changes made to the as‐built
vessel tomake it complywith theOverpressureProtection
Report.

(c) The addendum shall be certified by one or more
Certifying Engineers competent in the applicable field
of design and qualified in accordance with the require-
ments of Section III Appendices, Mandatory Appendix
XXIII.

NE-7250 FILING OF REPORT

A copy of the Overpressure Protection Report shall be
filed at the nuclear power plant site prior to the Inspector
or Authorized Nuclear Inspector signing the Owner’s Data
Report. The report shall be made available to the Author-
ized Nuclear Inspector and the enforcement authorities
having jurisdiction at the plant site.

NE-7300 RELIEVING CAPACITY
REQUIREMENTS

NE-7310 RELIEVING CAPACITY OF PRESSURE
RELIEF DEVICES

The total rated relieving capacity of the pressure relief
devices shall take into account any limitations due to fluid
flow‐through piping and other components.

NE-7311 Relieving Capacity of Vacuum Relief
Devices

(a) The total rated relieving capacity of the vacuum
relief devices shall take into account any limitations
due to fluid flow‐through piping and other components.

(b) The rated capacity of each vacuum relief device
shall notbe less than that required toprevent adifferential
pressure in excess of the value specified in the Design
Specification.

(c) At least two independent vacuum relief devices
shall be provided on each containment vessel, except
on vessels designed to withstand the maximum expected
differential pressure. The capacity of each vacuum relief
device shall not be less than that required to protect the
component.

NE-7400 SET PRESSURES OF PRESSURE
RELIEF DEVICES

NE-7410 SET PRESSURE LIMITATIONS FOR
TESTING CONDITIONS

The set pressure of the pressure relief devices
connected to the vessel shall meet the requirements of
Article NE-6000 and NE-7110.

NE-7500 OPERATING DESIGN
REQUIREMENTS FOR PRESSURE
RELIEF VALVES

NE-7510 PRESSURE RELIEF VALVES

NE-7511 General Requirements

NE-7511.1 Spring‐LoadedValves.Valves shall open au-
tomatically bydirect action of the fluid pressure as a result
of forces acting against a spring.

NE-7512 Pressure Relief Valve Operating
Requirements

Pressure relief valves shall be constructed to attain
rated lift at a pressurewhich does not exceed the set pres-
sure by more than 10% or 3 psi (20 kPa), whichever is
greater.

NE-7512.1 Opening Pressure Tolerance.

(a) The opening pressure tolerance plus orminus from
the set pressure of pressure relief valves shall not exceed
2 psi (15 kPa) for pressure up to and including 70 psi
(485 kPa) and 3% for pressure above 70 psi (485 kPa).

(b) Conformance with the requirements of (a) above
shall be established for each production valve by test.
Valves shall be tested with air or gas.

NE-7512.2 ð21ÞBlowdown Requirements. Pressure relief
valves shall be constructed to close after blowing
down to a pressure not lower than that specified in
the valve Design Specification (NCA-3211.19). The blow-
down shall be determined by test or by proration from the
Certificate Holder’s blowdown test data.

ASME BPVC.III.1.NE-2021

131



NE-7513ð21Þ Relieving Capacity

The relieving capacity of pressure relief valves of the
types permitted in this subarticle shall be based on the
stamped relieving capacity and proration of capacity as
determined by Section XIII, 9.9(d).

NE-7514 Sealing Requirements

Means shall be provided in the construction of all pres-
sure relief valves for sealingall external adjustments. Seals
shall be installed by the Certificate Holder at the time of
setting. Seals shall be installed in such a manner as to
prevent changing the adjustment without breaking the
seal and shall serve as a means of identifying the Certi-
ficate Holder.

NE-7520 POWER-ACTUATED PRESSURE RELIEF
VALVES

Power-actuated pressure relief valves, which depend
upon an external energy source such as electrical, pneu-
matic, or hydraulic systems, and which respond to signals
from pressure or temperature sensing devices may be
used, provided the requirements of NE-7521 and
NE-7522 are met.

NE-7521ð21Þ Sensors and Controls

The relief valve and its auxiliary devices treated as a
combination shall comply with the following require-
ments:

(a) The valve opening pressure shall be controlled
within a tolerance of ±1% of the set pressure when
the automatic control is in use.

(b) The valve blowdown shall be controlled to a pres-
surenot lower than that specified in thevalveDesignSpec-
ification (NCA-3211.19).

NE-7522 Relieving Capacity

The total stamped relieving capacity of the valve or
valves shall be equivalent to or greater than the required
relieving capacity.

NE-7700ð21Þ CERTIFICATION REQUIREMENTS

NE-7710 RESPONSIBILITY FOR CERTIFICATION
OF PRESSURE RELIEF VALVES

(a) The Certificate Holder shall be responsible for
having the relieving capacity of valves certified as
prescribed in Section XIII, Part 9.

(b) Capacity certification obtained in compliance with
other Sections and which complies with this Section is
qualified for capacity certification under these rules,
and the valve may be stampedwith the appropriate Certi-
fication Mark of this Section.

NE-7800 MARKING, STAMPING WITH
CERTIFICATION MARK, AND DATA
REPORTS

NE-7810 PRESSUREANDVACUUMRELIEFVALVES

NE-7811 Marking and Stamping With Certification
Mark

Eachpressure relief valve shall beplainlymarkedby the
Certificate Holder with the required data below in such a
way that themarkingwill not beobliterated in service. The
data shall be in characters not less than 3∕32 in. (2.5 mm)
high. The marking shall be placed on the valve or on a
nameplate securely fastened to thevalve. TheCertification
Markwith NVDesignator shall be stamped on the valve or
nameplate, but the other required data may be stamped,
etched, impressed, or cast. The marking shall include the
following:

(a) name, or an acceptable abbreviation, of the Certi-
ficate Holder

(b) Certificate Holder’s design or type number
(c) size_____ {[NPS (DN)], the nominal pipe size} of the

valve inlet
(d) set pressure_____ psi (kPa)
(e) certified capacity and overpressure in percent or

psi in accordance with NE-7700
(1) Pressure Relief Valves
_____lb/hr (kg/hr) of saturated steam for valves certi-

fied on steam, or
_____ scfm (standard cubic feet per minute) at 60°F

(20°C) and 14.7 psia (101 kPa) of air for valves certified
on air or gas, or

_____ gal/min (L/min) of water at 70°F (20°C) for
valves certified on water

(2) Vacuum Relief Valves
_____ scfh (standard cubic feet per hour) at 60°F

(20°C) and 14.7 psi (101 kPa)
(f) applicable official Certification Mark, as shown in

Table NCA‐8100‐1
In addition to the above, each pressure relief valve shall

havea separatenameplate attached to the component that
includes the marking requirements of NCA‐8220.
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ARTICLE NE-8000
NAMEPLATES, STAMPING WITH CERTIFICATION MARK,

AND REPORTS

NE-8100 REQUIREMENTS
Containment vessels shall be stamped with the Certi-

ficationMarkwithNDesignator. Parts andappurtenances,
which are part of the containment vessel, shall be stamped
with the Certification Mark with NPT Designator. The ap-

plicable requirements given in Article NCA‐8000 shall
apply to metal containment vessels. In addition to the
information required byNCA‐8220, both the vessel name-
plate and theCertificateHolder’sDataReport shall include
the lowest service metal temperature.4
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ENDNOTES

1 Because of the different thermal coefficients of expansion of dissimilar materials, caution should be exercised in
design and construction under the provisions of NE-2125 in order to avoid difficulties in service under extreme
temperature conditions, or with unusual restraint of parts such asmay occur at points of stress concentration and
also because of metallurgical changes occurring at elevated temperatures.

2 Any postweld heat treatment time that is anticipated to be applied to thematerial or itemafter it is completed shall
be specified in the Design Specification. The Certificate Holder shall include this time in the total time at tempera-
ture specified to be applied to the test specimens.

3 T—temperature at or above thenil‐ductility transition temperatureNDT (ASTME208);T is 10°F (5.6°C) below the
temperature at which at least two specimens show no‐break performance.

4 The Lowest Service Metal Temperature shall be the lowest temperature that the metal may experience in service
while the plant is in operation and shall be established by appropriate calculations based on atmospheric ambient
conditions, the insulation or enclosure provided, and theminimum temperature that will bemaintained inside the
vessel during the plant operation.

5 The requirements for impact testingof theheat-affected zone (NE-4335.2)may result in reduced test temperatures
or increased toughness requirements for the base material.

6 The Lowest Overpressure Test Metal Temperature shall be the lowest temperature that the metal may experience
during the overpressure test. It shall be established by appropriate calculations based on atmospheric conditions,
the insulation or enclosure provided, and the temperature thatwill bemaintained inside the vessel during the test.

7 The methods given in the Appendix of SFA 5.9, Specification for Corrosion‐Resisting Chromium and Chromium‐
Nickel Steel Welding Rods and Bare Electrodes, shall be used to establish a welding and sampling method for the
pad, groove, orother testweld to ensure that thewelddeposit being sampledwill be substantially freeof basemetal
dilution.

8 The volumetric examinations required by NE-2552 need only be conducted from one surface.
9 Communicating chambers aredefinedas appurtenances to the vessel that intersect the shell or headsof a vessel and
form an integral part of the pressure-retaining closure.

10 Side plates of a flat‐sided vessel aredefined as anyof the flat plates forming an integral part of thepressure-retaining
enclosure.

11 For general information, see standards of the Expansion Joint Manufacturers Association, Inc., 25 N. Broadway,
Tarrytown, NY 10591.

12 One test specimenmay represent a group of forgings, provided they are of the same nominal dimensions, from the
same heat of material, the same heat treatment lot, and forged in the same manner.

13 Welds that are exposed to corrosive action should have a resistance to corrosion that is not substantially less than
that of the cladding. The use of filler metal that will deposit weld metal, which is similar to the composition of the
cladding material, is recommended. If weld metal of different composition is used, it should have properties
compatible with the application.

14 SNT‐TC‐1A is a Recommended Practice for Nondestructive Testing Personnel Qualification and Certification
published by the American Society for Nondestructive Testing, 1711 Arlingate Lane, P.O. Box 28518, Columbus,
Ohio 43228-0518.

15 Personnel qualified by examination and certified to previous editions of SNT‐TC‐1A are considered to be qualified
to the editions referenced in TableNCA‐7100-2when the recertification is based on continuing satisfactory perfor-
mance. All reexaminations and new examinations shall be in accordance with the applicable edition referenced in
Table NCA‐7100-2.

16 Employer as used in Article NE-5000 shall include: N Certificate Holders; Quality System Certificate Holders;
Material Organizations who are qualified in accordance with NCA‐3842; and organizations who provide subcon-
tracted nondestructive examination services to organizations described above.

17 These tests may be made with the item being tested partially filled with liquid, if desired.
18 Valve capacities published in “Pressure Relief Device Certifications.” This publication may be obtained from the

National Board of Boiler and Pressure Vessel Inspectors, 1055 Crupper Avenue, Columbus, OH 43229.
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