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

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

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Vessel Committee was superseded by the following committees:

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

collectively.
TheCommittee’s function is to establish rules of safety relating topressure integrity,whichgovern the construction** of

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

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

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

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

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

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

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

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

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

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

ADVERTISING

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

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

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

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

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

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

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

all Code requirements have been met when, in fact, they have not been. Data Report Forms covering items not fully
complying with ASME requirements should not refer to ASME or they should clearly identify all exceptions to the ASME
requirements.

viii
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K. W. A. Cheng
P. Chilukuri
W. L. Garfield
P. Miller

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

Executive Committee (BPV XII)

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

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

Subgroup on Design and Materials (BPV XII)

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

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

Member
B. E. Spencer, Contributing Member
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Subgroup on Fabrication, Inspection, and Continued Service
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M. Pitts, Chair
K. W. A. Cheng
P. Chilukuri
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T. J. Rishel
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T. A. Rogers
R. C. Sallash
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Subgroup on General Requirements (BPV XIII)
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CORRESPONDENCE WITH THE COMMITTEE

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

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

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

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

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

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

Cases

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

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

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

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

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

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

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

Interpretations

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

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

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

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

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

Committee Meetings
TheASMEBPVCcommittees regularly holdmeetings that areopen to thepublic. Personswishing to attendanymeeting

should contact the secretary of the applicable committee. Information on future committee meetings can be found at
http://go.asme.org/BCW.
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INTRODUCTION TO SECTION III, DIVISION 4

There is an ongoing effort within the ASME Boiler and Pressure Vessel Committee on Construction of Nuclear Facility
Components (Section III) to develop rules for the construction of fusion energy devices. The Standards Committee of
Section III, Division 4 and its Subgroup on FusionEnergyDevices are developing these new fusionCode rules. These rules
cover fusion-energy-relatedcomponents suchasvacuumvessels, cryostats, andmagnet structuresand the interactionsof
these components. Related support structures, including metallic and nonmetallic materials; containment or confine-
ment structures; and in-vessel components such as blankets, divertors, shield fusion-system piping, vessels, valves,
pumps, and supports, are also covered. The rules include requirements for materials, design, fabrication, testing, exam-
ination, inspection, certification, and stamping.
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ORGANIZATION OF SECTION III

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

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

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

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

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

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

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

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

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

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

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

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

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

– Subsection HH — Class SN Nonmetallic Core Components
Subpart A — Graphite Materials
Subpart B — Composite Materials

xxxiv
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2 SUBSECTIONS
Subsections are divided into Articles, subarticles, paragraphs, and, where necessary, subparagraphs and

subsubparagraphs.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(1) If X.1(c)(1)(-a) is referenced in X.1(c)(1), it will be referenced as (-a).
(2) If X.1(c)(1)(-a) is referenced in X.1(c)(2), it will be referenced as (1)(-a).
(3) If X.1(c)(1)(-a) is referenced in X.1(e)(1), it will be referenced as (c)(1)(-a).
(4) If X.1(c)(1)(-a) is referenced in X.2(c)(2), it will be referenced as X.1(c)(1)(-a).
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SUBSECTION FA
FUSION ENERGY DEVICE FACILITIES

SUBPART FAA
GENERAL REQUIREMENTS

ARTICLE FAA-1000
INTRODUCTION

FAA-1100 GENERAL

FAA-1110 SCOPE

The rules of Subsection FA, Subpart FAA constitute the
general requirements for fusion components used in the
construction of fusion devices and their supporting
systems. Only those fusion components that are
servingapressureboundary functionorastructural integ-
rity function (seeFAA-2120), orboth, are coveredby these
rules. Items that are specifically excluded are electrical
components and superconducting strand. Subpart FAA
documents rules for construction that are not adequately
addressed within existing Divisions of Section III or other
existing codes and standards used in the nuclear industry.

(a) The general requirements of Division 4 are
provided in Subsection NCA, except for those paragraphs
or subparagraphs (with number headers) replaced by
corresponding numbered FAA paragraphs or subpara-
graphs or new numbered FAA paragraphs or subpara-
graphs.

(b) Section III, Division1 terminologymight differ from
that in Division 4 (e.g., Class 1 and Class 2 versus Class A
andClassB), but the application anduseofDivision1 rules
are identical for Division 4 construction except where
otherwise noted.

FAA-1120 DEFINITIONS

Definitions of key terms specific to Division 4 are
included in Article FAA-9000 or noted within the appli-
cable text. The definitions in Article FAA-9000 shall
prevail should a conflict exist with definitions found in
Subsection NCA or in other documents referenced in Divi-
sion 4. Unless a term is defined in Article FAA-9000, the
definition in Article NCA-9000 shall apply.

FAA-1140 TEMPERATURE LIMITS

The rules of Subpart FAA shall not be used for items that
are to be subjected to metal temperatures that exceed the
temperature limit in the Design Specification.

FAA-1150 LIMITS OF THESE RULES

The rules of Division 4 for fusion components provide
requirements fornewconstructionand includeconsidera-
tion of mechanical and thermal stresses due to cyclic
operation and high-temperature creep in tokamaks and
similar fusion technologies (see FAA-1300 for further
detail). These rules currently do not evaluate different
issues of concern for non-tokamak fusion systems or
fusion systems using fuels other than tritium. These
rules address the thermal and radiation effects on mate-
rials produced during the fusion activity. The rules do not
explicitly address issues such asdegradation of properties
because of service conditions or environment. The rules
do address the degradation of yield and ultimate tensile
strengths due to long-time elevated temperature service.
However, issues on environmental effects are highlighted
in the Code, and it is the responsibility of the Owner and
the Facility Operator to demonstrate to the jurisdictional
regulatory body that these additional issues are
adequately addressed by the design. Additional environ-
mental testing to support Section IIIAppendices,Nonman-
datory Appendix W is strongly encouraged.
The rules are not intended to be applicable to valve

operators, controllers, position indicators, pump impel-
lers, pump drivers, or other accessories and devices,
unless such items are pressure-retaining parts or act
as support structures or supports. If such items are in
a support load path, the provisions of FAA-1100 apply.
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The rules of Division 4 do not apply to instruments or
permanently sealed, fluid-filled tubing systems furnished
with instruments, but theydoapply to instrument, control,
and sampling piping specified in a Design Specification.

FAA-1300 FUSION TECHNOLOGIES
Subsection FA provides the rules for construction of

nuclear fusion devices and their supporting systems.
Nuclear fusion and nuclear fission are reactions in
which energy is released from high-powered atomic
bonds between the particles within a nucleus. The funda-
mental difference between these two processes is that
fission is the splitting of an atom into two or more
smaller ones, whereas fusion is the fusing of two or
more smaller atoms into a larger one.
Nuclear fission is a technology that has been in use since

the 1950s. Figure FAA-1300-1 illustrates a typical light
water fission system. There is potential for new develop-
ments in nuclear energy technology to enhance nuclear
energy’s role in a sustainable-energy future.
Nuclear fusion is a process in which light nuclei, usually

deuterium and tritium, collide and join together to form a
heavier nucleus. When this happens, a considerable
amount of energy is released. To overcome the electro-
static repulsion of these light nuclei so they will collide
and fuse, extreme energy is imparted to the nuclei by
radio-frequency heating, ohmic heating, neutral beam
heating, or other means. These high-energy nuclei are
called plasma ions. These plasma ions can be confined
by either magnetic fields (such as a tokamak-based
system) or by inertial forces (by inertial confinement
systems) so that their velocity allows them to collide.
Figure FAA-1300-2 illustrates a theoretical magnetic
confinement-based fusion system.
The inertial confinement method generally freezes

deuterium and tritium (hydrogen isotopes) into small
pellets. These pellets are heated and compressed to
extreme temperatures and pressures by lasers or X-
rays so that the inertia of the pellet mass enables the
isotopes to collide and fuse. Deuterium is abundant in
hydrogen (0.015% natural abundance on Earth), and
tritium isotope has no abundance so must be bred
(neutron activation of lithium isotopes produces tritium).
Technical approaches to achieving fusion energy are

generally categorized into three methods: magnetic
fusion, magneto-inertial fusion, and inertial fusion. All
three fusion technologies are being developed in the
industry for energy production. The objective of Division
4 is to provide design rules for all fusion devices. These
design rules are based on scientific development, knowl-
edge, and operational experience. Tokamak (magnetic
fusion energy) designs have to date received the most
investment, advanced the most scientifically, and
produced the largest pool of operational experience.
Thus, Division 4 focuses on magnetic fusion energy
systems found in tokamak designs (such as the “D”

and spherical plasma geometries). Additional content
for non-tokamak fusion systems, as well as systems
using fuels other than tritium, will be developed when
similar amounts of operational experience have been
accrued.
Figure FAA-1300-3 illustrates examples of these devel-

opmental technologies and how they relate to the Lawson
criterion. Fission–fusion hybrid designs do exist as a
concept where generally a subcritical fission reactor is
driven by a fusion neutron source. However, these
designs are not mature enough to consider at this time.

FAA-1400 PURPOSE OF CLASSIFYING ITEMS
IN A FUSION POWER PLANT

Code rules needs to be implemented that are appro-
priate for the design Code classes. These Code classes
are to be applied to the classification of items in fusion
energy devices and their supporting systems. The
higher-class component rules address those items
deemed to be serving a pressure boundary function or
a structural integrity function, or both, and lower-class
rules address those items deemed not to have a pressure
boundary function but that do serve a structural integrity
function or other critical functions as determined by the
Owner or Designer. These classifications reflect the risk-
based approach derived from safety criteria established
for fusion-based devices and addressed in either the Divi-
sion 4 rules or appropriate non-nuclear codes and stan-
dards. TheOwnerorDesignermayalsodecide touseother
classification systems (e.g., IAEA-TECDOC-1851) within
the Design Specifications.
The Owner or Designer may also decide to use a Relia-

bility and Integrity Management (RIM) Program that will
define, evaluate, and implement strategies to ensure that
Reliability Targets for structures, systems, and compo-
nents are defined, achieved, and maintained throughout
theplant lifetime.Therequirements foraRIMProgramare
in Section XI, Division 2.

FAA-1500 ASPECTS OF CONSTRUCTION
COVERED BY DIVISION 4 RULES

(a) Subsection FB contains rules for the material,
design, fabrication, examination, testing, overpressure
relief, marking, and preparation of reports by the Certi-
ficate Holder of items that are intended to conform to the
requirements for the classifications defined in the Design
Specifications for construction.

(b) The rules of Subsection FB cover the requirements
for strength and pressure integrity of items, the failure of
whichwouldviolate thepressure-retainingboundary.The
rules cover initial construction requirements but do not
cover deterioration that might occur in service as a result
of corrosion or instability of material.
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NCA-1130 gives further limitations to the rules of
Subsection FA.

FAA-1700 BOUNDARIES OF JURISDICTION
APPLICABLE TO SUBSECTION FA

FAA-1720 BOUNDARY OF COMPONENTS

The Design Specification shall define the boundary of a
component.

FAA-1730 JURISDICTIONAL BOUNDARY

The jurisdictional boundary shall be defined in the
Design Specification.

FAA-1800 ELECTRICAL AND MECHANICAL
PENETRATION ASSEMBLIES

Electrical and mechanical penetration assemblies shall
be constructed in accordance with the rules for vessels,
except that the design and the material performing the
electrical conducting and insulating functions need not
meet the requirements of this Subsection.
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ARTICLE FAA-2000
MATERIAL

FAA-2100 GENERAL REQUIREMENTS FOR
MATERIAL

FAA-2110 SCOPE OF PRINCIPAL TERMS

(a) The term “material” or “pressure-retaining mate-
rial” as used in this Subsection applies to items such
as vessel shells, heads, and nozzles; pipes, tubes, and
fittings; valve bodies, bonnets, and disks; pump casings
and covers; and bolting that joins pressure-retaining
items.

(b) The term “material organization” is defined in
Article NCA-9000.

(c) The requirements of thisArticle use the term“thick-
ness” to mean “nominal thickness.” The following defini-
tions of “nominal thickness” apply:

(1) Plate. The nominal thickness of a plate is the
dimension of the short transverse direction.

(2) Forgings
(-a) Hollow Forgings. The nominal thickness of a

hollow forging is measured between the inside and
outside surfaces (radial thickness).

(-b) Disk Forgings (Axial Length Less Than the
Outside Diameter). The nominal thickness of a disk
forging is the axial length.

(-c) Flat-Ring Forgings (Axial Length Less Than the
Radial Thickness). If the axial length of a flat-ring forging is
less than or equal to 2 in. (50 mm), the axial length is the
nominal thickness. If the axial length of the forging is
greater than 2 in. (50 mm), the radial thickness is the
nominal thickness.

(-d) Rectangular Solid Forgings. The nominal
thickness of a rectangular solid forging is the forging’s
least rectangular dimension.

(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 non–pressure retaining.

FAA-2120 PRESSURE-RETAINING MATERIAL

FAA-2121 Permitted Material Specifications

(a) Pressure-retainingmaterial shall conformto the re-
quirements of one of the specifications for material given
in Section II, Part D, Subpart 1, Tables 2A, 2B, and 4,
including all applicable footnotes in the table, and to
all of the requirements of this Article that apply to the
product form in which the material is used. Where appli-
cable, material specifications in Division 5 may also be
considered.

(b) The requirements of this Article do not apply to
material for items not associated with the pressure-
retaining function of a component, such as shafts,
stems, trim, spray nozzles, bearings, bushings, springs,
and wear plates, nor to seals, packing, gaskets, valve
seats, and ceramic insulating material and special
alloys used as seal material in electrical penetration
assemblies.

(c) Material made to specifications other than those
specified in Section II, Part D, Subpart 1, Tables 2A
and 2B may be used for the following applications:

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

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

(3) line valve disks in valveswhose inlet connections
are NPS 2 (DN 50) and smaller

(d) Material for instrument line fittings and valves,
NPS 1 (DN 25) and smaller, may be of material made
to specifications other than those specified in the
Design Specification.

(e) Welding and brazing material used in the manufac-
ture of items shall comply with the Design Specification
except as otherwise permitted in Section IX, and shall also
comply with the applicable requirements of this Article.
The requirements of this Article do not apply to material
used as backing rings or backing strips in welded joints.

(f) The requirementsof thisArticle donot apply tohard
surfacing or corrosion-resistantweldmetal overlay that is
10% or less of the thickness of the base material.
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FAA-2122 Special Requirements Conflicting With
Permitted Material Specifications

Special requirements stipulated in this Article shall
apply in lieu of the requirements of the material specifi-
cationwherever the special requirements conflictwith the
material specification requirements (see NCA-4256).
Where the special requirements include an examination,
test, or treatment that is also required by the material
specification, the examination, test, or treatment need
be performed only once. Required nondestructive exam-
inations shall be performed as specified for each product
form. Any examination, repair, test, or treatment required
by the material specification or by this Article may be
performed by the Material Organization or the Certificate
Holder. Any hydrostatic or pneumatic pressure test
required by a material specification need not be
performed provided the material is identified as not
having been pressure tested. Subsequent pressure
testing can be performed in the system except where
the locationof thematerial in thesystemor the installation
would prevent performing any nondestructive examina-
tion required by the material specification. Subsequent
performance of the material specification nondestructive
examination tests is required.
The stress rupture test of SA-453 and SA-638 for Grade

660(UNSS66286) isnot required fordesign temperatures
of 800°F (427°C) and below.

FAA-2123 Size Ranges

Material outside the limits of size or thickness given in
any specification in Section IImaybeused if thematerial is
in compliance with the other requirements of the speci-
fication and no size limitation is given in the rules for
construction. In those specifications in which chemical
composition, mechanical properties, or other load consid-
erationssuchaselectromagnetic loadare indicated tovary
with size or thickness, any material outside the specifica-
tion range shall be required to conform to the composition
andmechanicalproperties shown for thenearest specified
range.

FAA-2124 Bolting Material

(a) Material for bolts and studs shall conform to the
requirements of the specifications defined in the
Design Specification. Material for nuts shall conform to
SA-194 or to the specifications defined in the Design Spec-
ification.

(b) Theuse ofwashers is optional.Whenused,washers
shall be made of wrought material with mechanical prop-
erties compatible with the nuts with which the washers
are to be used.

FAA-2130 CERTIFICATION OF MATERIAL

All material used in the construction of components
shall be certified as required in NCA-3861 and
NCA-3862. Certified Material Test Reports are required
for pressure-retaining material except as provided by
NCA-3861. A Certificate of Compliance may be provided
in lieuof aCertifiedMaterialTestReport forall othermate-
rial. Copies of all CertifiedMaterial Test Reports and Certi-
ficates of Compliance applicable to material used in a
component shall be furnished with the material.

FAA-2140 WELDING MATERIAL

For the requirements governing thematerial to be used
for welding, see FAA-2300.

FAA-2150 MATERIAL IDENTIFICATION

The identification of pressure-retaining material and
materials welded thereto shall meet the requirements
of NCA-4200. Material for small items (as defined in
NCA-4200) shall be controlled during manufacture and
installation of a component so that material is identifiable
as acceptable at all times. Welding and brazing materials
shall be controlled during the repair of material and
during manufacture and installation so that materials
are identifiable as acceptable until consumed in the
process.

FAA-2160 DETERIORATION OF MATERIAL IN
SERVICE

Consideration of deterioration of material caused by
service is the responsibility of the Owner, who shall
select material suitable for the conditions stated in the
Design Specification with specific attention being given
to the effects of service conditions on the properties of
the material. Special consideration shall be given to the
influence of the effects of irradiation on the properties
of material. Any special requirement shall be specified
in the Design Specification.

FAA-2170 HEAT TREATMENT TO ENHANCE
IMPACT PROPERTIES

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

FAA-2180 PROCEDURES FOR HEAT TREATMENT
OF MATERIAL

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

FAA-2190 NON-PRESSURE-RETAINING
MATERIAL

(a) Material in the component support load path not
performing a pressure-retaining function that is
welded to pressure-retaining material shall meet the re-
quirements of Article FAA-2000.

(b) Material not performing a pressure-retaining func-
tion and not in the component support load path
(nonstructural attachments) welded at or within 2t of
the pressure-retaining portion of the component,
where t is as defined in FAA-2110(d)(3), need not
comply with Article FAA-2000.

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

FAA-2210 PROCEDURE FOR OBTAINING TEST
COUPONS AND SPECIMENS FOR
QUENCHED AND TEMPEREDMATERIAL

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

FAA-2300 WELDING MATERIAL

(a) All welding material used in the construction and
repair of components ormaterial, exceptweldingmaterial
used for cladding hard surfacing, shall conform to the re-
quirements of the welding material specification or to the
requirements for other welding material as permitted in
Section IX. In addition, welding material shall conform to
the requirements stated in this paragraph and to the rules
covering identification in FAA-2150.

(b) The Certificate Holder shall provide the organiza-
tion performing the testing with the following informa-
tion, as applicable:

(1) welding process
(2) SFA specification and classification
(3) other identification if no SFA specification

applies

(4) minimum tensile strength
(5) dropweight test formaterial asweldedor as heat

treated, or both
(6) Charpy V-notch test for material as welded or as

heat treated, or both; the test temperature and the lateral
expansion or the absorbed energy shall also be provided

(7) the preheat and interpass temperatures to be
used during welding of the test coupon

(8) postweld heat treatment time, temperature
range, and maximum cooling rate, if the production
weld will be heat treated

(9) elements for which chemical analysis is required
per the SFA specification or Welding Procedure Specifi-
cation

(10) minimum delta ferrite

FAA-2400 DIMENSIONAL STANDARDS
Dimensions of standard items shall comply with the

standards and specifications listed in Table NCA-7100-1.

FAA-2500 STRUCTURAL MATERIALS
The expected environmental conditions created by

fusion energy, such as high fusion neutron flux, elevated
and cryogenic temperatures, high magnetic fields, and
plasma erosion, highlight the extreme environmental
conditions structural materials will operate within. The
fusion research community has sought materials with
the following characteristics:

(a) radiation resistance to reduce the frequency of
component replacement

(b) helium embrittlement resistance
(c) chemical compatibility with coolants and liquid

metal or molten salt breeders
(d) phase stability under high magnetic and neutron

irradiation conditions
(e) ability to operate at high temperature to help

enhance the thermal conversion efficiency
(f) ability tomaintain soundandacceptablemechanical

properties under fusion neutron irradiation
(g) easy-to-fabricate complex configurations
(h) reduced radiological activation to minimize radio-

active waste
Generally, the life-limiting criteria for such structural

materials have historically been the thermal andmechan-
ical stresses, thermal creep, and radiation-damage dis-
placements (which lead to radiation embrittlement).
The desire is to have qualified structural materials that

meet the characteristics listed above. Fusion-specific
materials are under development and are poised to
possess these characteristics.
The method for material qualification is under devel-

opment.
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ARTICLE FAA-3000
DESIGN

FAA-3100 GENERAL DESIGN

FAA-3110 PROVISION OF DESIGN
SPECIFICATIONS

(a) The Design Specifications shall contain sufficient
detail to provide a complete basis for Division 4 construc-
tion. Such requirements shall not result in construction
that fails to conform with the rules of Division 4. All
Design Specifications shall include (1) through (8).

(1) the functions and boundaries of the items
covered (see Subsection NCA, NCA 3211.19)

(2) the design requirements (see FAA-2100 and
NCA-2140), including all required overpressure protec-
tion requirements (see Subsection NCA, NCA-3211.21)

(3) the environmental conditions, including radia-
tion (see Section III Appendices, Nonmandatory Appendix
W for further insights and guidance)

(4) the Code classification of the items covered (see
Article FAA-2000)

(5) material requirements, including impact test re-
quirements

(6) fracture mechanics data for base metal, weld
metal, and heat-affected zone required to use, as applica-
ble, the Mandatory and Nonmandatory Appendices of
Section III

(7) when functionality of a component is a require-
ment, reference to other appropriate documents that
specify those operating requirements

(8) the effective Code Edition and Code Cases to be
used for construction

(b) The Design Specification shall identify those
components or parts that require a preservice examina-
tion.

FAA-3130 LOADING CRITERIA

FAA-3131 Loading Conditions

The loadings that shall be taken into account in the
design of a component include, but are not limited to,
the following:

(a) internal and external pressure
(b) impact loads, including rapidly fluctuating pres-

sures
(c) weight of the component and normal contents

under operating or test conditions, including additional
pressure due to static and dynamic head of liquids

(d) superimposed loads such as other components,
operating equipment, insulation, corrosion- or erosion-
resistant linings, and piping

(e) wind loads, snow loads, vibrations, and earthquake
loads where specified

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

(g) temperature effects
(h) electromagnetic loads

FAA-3132 Design Loadings

The toroidal field (TF) coil and TF coil structures are
subject to structural (mechanical) loads and thermal
loads. The normal operating conditions of the TF coil
and TF coil structures include the following:

(a) constant structural loads
(1) dead loads
(2) preload of the precompression rings at the top

and bottom of the coil
(3) energization

(b) constant thermal loads, such as cooldown
(c) variable structural loads that occur during opera-

tion
(1) plasma pulsing
(2) loads related to central solenoid (CS) and

poloidal field (PF) coils
(d) radiation-decay heat

FAA-3200 DESIGN BY ANALYSIS

FAA-3210 INTRODUCTION TO FAA-3200

Subarticle FAA-3200 is in development. The design
rules that will be presented in this subarticle are formu-
lated using the approaches associated with design-by-
analysis methodology. Given that commercial fusion tech-
nology is the early stages of maturity, the design-by-
analysis methods have been chosen because of their
adaptability to unique component geometries and struc-
tural specificities that might be envisioned with evolving
fusion reactor technology research. Furthermore, design-
by-analysis methods allow consideration of loads other
than those typically considered in other nuclear design
codes. As designs become more standardized, the
design rules presented herein will be updated or
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superseded as appropriate andpotentially complemented
with design-by-formulae approaches.
The design-by-analysis approaches are typically char-

acterized through an identification of the most pertinent
damagemechanisms that a specific component is likely to
be subjected to beyond those addressed by the design-by-
formulae approaches (which typically protect against
gross plastic deformation, incremental collapse, and
collapse through buckling). Taking account of the guide-
lines prescribed in IAEA-TECDOC-1851, the rules
presented in this subarticle will cover a selected set of
damage mechanisms that are anticipated to be experi-
enced by the components within a fusion reactor. As a
tentativemeasure, design rules fromSection VIII, Division
2, andSection III,Divisions1and5maybeused in conjunc-
tionwith thematerials andoperating conditions forwhich
thedesignruleshavebeenvalidated.Extrapolating theuse
of the rules to other materials or operating conditions
without adequate validation should not be assumed as
being automatically endorsed.
To that end, this subarticlewill also provide cross-refer-

ences to the pertinent design-by-analysis paragraphs of
Section VIII, Division 2, and Section III, Divisions 1 and
5 as appropriate. The applicability of these rules for
design assessment should be carefully corroborated
with the wider requirements and caveats stipulated in
other sections of Section VIII, Division 2. These rules,
nevertheless, are to be deemed as constituting interim
advice that will be reviewed and updated as appropriate
at suitable stages. Theseupdateswill rely on current infor-
mation derived from programs focused on establishing
the precise boundary operating conditions. These opera-
tion conditions will include but not be limited to the
approved materials for different components, their rele-
vant design allowables estimated at fusion-specific condi-
tions, and the operating temperature and irradiation
levels. Additionally, since the design rules in Section
VIII, Division2,Part 5predominantly cater tounirradiated
materials, complementary rules might be needed to
address highly irradiated materials susceptible to
brittle failure modes. The need for complementary
rules will be guided by developments in understanding
of material behaviors across the full spectrum of antici-
pated operating conditions.
For each damage mechanism, the design-by-analysis

assessment may be carried out via more than one
approach (elastic, elastic–plastic, and limit-load
methods) to establish the relevant design attributes
(e.g., thickness, material choice, component profile) via
appropriate design rules. Section VIII, Division 2,
Part 5 provides the pertinent guidelines associated
with the relevant design attributes for each respective
damage mechanism and assessment method along with
detailed guidelines on the procedure to be followed for
linearization and classification of stresses that feed
directly into the assessment criteria for different

damage mechanisms. These relevant design attributes
may be further complemented with design by analysis
using the “direct route” focusing on inelastic methods,
where the design resistance is calculated with respect
to the ultimate limit state of the structure specific to
each failure mode.
Informativeguidelineson typical loadsand loadcases to

be considered in a design for operational (normal,
abnormal, startup) and testing conditions and typical
load case combinations and allowable stresses or load
factors to be considered for elastic analysis, limit-load
analysis, and elastic–plastic analysiswill also be provided.
For preliminary guidelines pertaining to these topics,
users can refer to Section VIII, Division 2, Part 5,
Tables 5.1, 5.3, 5.4 and 5.5. Each of the above operating
conditionsmay involve distinct phases guided by evolving
fusion plasma physics studies, which will also consider
various damage mechanisms.
The damage mechanisms identified in (a) are derived

from IAEA-TECDOC-1851 with an implicit assumption of
relevance to fusion components. It would nevertheless be
incumbent upon the Designer to independently identify
the most pertinent damage mechanisms for any specific
component under consideration. Lack of formal regula-
tory guidelines on safety classification of fusion reactor
components renders the ascription of varying levels of
safety margins or damage-acceptance limits specific to
each component for each damage mechanism irrelevant
at this stage. A suitable starting point could be to aim to
prevent the onset of each damage mechanism, which
nevertheless may be either overly conservative or not
conservative depending upon the extent to which the
onset of a particular damage mechanism would impact
the component-level damage protection requirements.
The damage mechanisms will be reviewed and addressed
as technology and regulatory expectations become more
concretized.

(a) Damage Mechanisms to Be Covered
(1) immediate plastic collapse, immediate plastic

instability, immediate plastic flow localization
(2) immediate local fracture due to exhaustion of

ductility
(3) fast fracture
(4) thermal creep
(5) ratchetting
(6) fatigue
(7) creep-fatigue
(8) secondary failure modes
(9) buckling
(10) excessive deformation

(b) Environmental Effects
(1) excessive corrosion
(2) excessive plasma erosion
(3) irradiation-induced hardening and embrittle-

ment
(4) irradiation-induced swelling
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(5) stress-corrosion cracking
(6) impure helium impact on fatigue and creep-

fatigue
Each of the damage-mechanism considerations listed in

(a) and (b) will be reviewed for the pertinent acceptance
criteria and detailed design procedures to be followed,
including guidelines on material models and flow rules
to be used. These reviews may also use the results
from stress analysis to evaluate the component being
designed against the aforementioned damage mechan-
isms. They will indicate the material properties required
to carry out the stress analysis. Contextualized guidelines
for special geometric features (e.g., bolts) and interfaces
will be provided in separate clauses as appropriate.

FAA-3220 LISTING OF DESIGN-BY-ANALYSIS
CONSIDERATIONS

Subarticle FAA-3200, which will include the following
paragraphs, is in development:

FAA-3210 Design Criteria
FAA-3211 Basis for Determining Stresses

FAA-3212 Stress Analysis
FAA-3213 Derivation of Stress Intensities
FAA-3214 Derivation of Stress Differences
FAA-3215 Classification of Stresses

FAA-3220 Stress Limits for Other Than Bolts
FAA-3221 Design Loadings
FAA-3222 Level A Service Limits
FAA-3223 Level B Service Limits
FAA-3224 Level C Service Limits
FAA-3225 Level D Service Limits
FAA-3226 Testing Limits
FAA-3227 Applications of Plastic Analysis
FAA-3228 Design Stress Values

FAA-3230 Stress Limits for Bolts
FAA-3231 Design Conditions
FAA-3232 Design Stress Intensity Value

ASME BPVC.III.4-2023

12

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.4 

(A
SME BPVC Sec

tio
n 3

 D
ivis

ion
 4)

 20
23

https://asmenormdoc.com/api2/?name=ASME BPVC.III.4 (ASME BPVC Section 3 Division 4) 2023.pdf


ARTICLE FAA-7000
REFERENCE STANDARDS

FAA-7100 INTRODUCTION
Table FAA-7100-1 lists standards and specifications referenced in Division 4. The table excludes the following:
(a) standards and specifications already listed in Table NCA-7200-2
(b) ASME BPVC Sections

Table FAA-7100-1
Standards and Specifications Referenced in Division 4

Designator Title
Referenced

Edition
Applicable
Subsection

The American Society of Mechanical Engineers (ASME)
ASME NQA-1 Quality Assurance Requirements for Nuclear Facility Applications 2019 All

American Society for Nondestructive Testing (ASNT)
SNT-TC-1A Personnel Qualification and Certification in Nondestructive Testing 2011 All

International Atomic Energy Agency (IAEA)
IAEA-TECDOC-1851 IntegratedApproach toSafetyClassificationofMechanical Components forFusion

Applications
2018 All

Safety Standard No. GS-R-3 The Management System for Facilities and Activities 2006 All
International Organization for Standardization (ISO)

ISO 9001 Quality management systems — Requirements 2015 All
ISO 19443 Quality management systems — Specific requirements for the application of

ISO9001:2015byorganizations in the supply chainof thenuclear energy sector
supplying products and services important to nuclear safety (ITNS)

2018 All
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ARTICLE FAA-8000
CERTIFICATES, NAMEPLATES, CERTIFICATION MARK,

AND DATA REPORTS

FAA-8100 AUTHORIZATION TO PERFORM
ASME BPVC ACTIVITIES

The rules for certificates, nameplates, the Certification
Mark, and Data Reports for fusion components, supports,
and support structures under Division 4 shall be the same
as therulesestablished forDivision1metallic components
and metallic core support structures. The only changes
shall be the use of Division 4 terminology rather thanDivi-

sion 1 terminology (e.g., Class A and Class B rather than
Class 1 and Class 2) and the specification of the use of
Division 4.
Authorization to use theASMESingle CertificationMark

or to certifyworkbyothermeansprovided inSubpart FAA
(see Subsection NCA, Table NCA-8100-1) will be granted
by the Society for a 3-yr period pursuant to the provisions
set forth in Subsection NCA.
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ARTICLE FAA-9000
GLOSSARY

FAA-9100 INTRODUCTION
ThisArticle defines selected termsused inDivision4 for

pressure boundary components, supports, and support
structures. The definitions in this Glossary shall prevail
should a conflict exist with definitions found in Division
1 or other documents referenced in Division 4. Unless
terms are defined below, the definitions in Article
NCA-9000 shall apply.

FAA-9200 DEFINITIONS
controlled nuclear fusion: the process of fusing nuclei
together at a controlled rate. When light nuclei such as
deuterium (D) and tritium (T) isotopes are fused, some
excess mass is converted to kinetic energy of the reaction
products. For D + T, a helium nucleus and a neutron are
produced in the fusion reaction. The kinetic energy of
these fusion reaction products can be captured by
slowing the reaction products in a material so that
kinetic energy is converted to heat energy. The heat
energy can be used for producing electricity or other
industrial uses. The tokamak system is in contact with
the fluid andmaintains the internal or external fluid pres-

sure. There also may be a reaction such as deuterium-
helium 3 or proton-boron 11.
inertial confinement: a nuclear fusion method in which
frozen pellets in a vacuum chamber are rapidly
compressed with great force by laser beams, X-ray
beams, or ion beams.
ITER: an international organization that manages the
International Thermonuclear Experimental Reactor
(ITER) project.
magnetic confinement: a nuclear fusion method in which
nuclei in a vacuum chamber are guided at high velocity by
magnetic fields and heated by microwave energy or by a
combinationofmicrowaveenergyandothermeans so that
the high velocity of the nuclei overcomes electrostatic
repulsion and fusion reactions occur.
pressure boundary: the area on the surface of a component
that has been designed to accept the stresses created by
internal or external forces as defined in the Design Spec-
ification. (See FAA-2120.)
tokamak: a fusion system using themagnetic confinement
method.
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SUBPART FAB
MAGNETIC CONFINEMENT

ARTICLE FAB-1000
INTRODUCTION

FAB-1100 SCOPE
There are several methods to accomplish controlled

nuclear fusion, two of which are discussed within this
Article. One method is magnetic confinement, in which
nuclei in a vacuum chamber are guided at high velocity
by magnetic fields and heated by microwave energy or a
combinationofmicrowaveenergyandothermeansso that
the high velocity of the nuclei overcomes electrostatic
repulsion and fusion reactions occur. Another method,
inertial confinement, uses tiny frozen pellets in a
vacuum chamber; the pellets are rapidly compressed
with great force by laser beams, X-ray beams, or ion
beams. The beams ionize some molecules, and the
compression force creates a shock wave in the pellet.
The shock wave overcomes electrostatic repulsion and
the atoms fuse. Both magnetic confinement and inertial
confinement control the fusion reaction by the amount
of mass and energy input to the process, either by
heating or by compression.

FAB-1200 MAGNETIC CONFINEMENT
The tokamak, or the system of magnetic confinement

that is used in today’s experimental devices and that
mightbeused in futurepower facilities, usesboth resistive
andsuperconductingmagnets.Themajor systems that can
make up the tokamak include

(a) resistive or superconducting magnets, or both,
including but not limited to the following:

(1) TF coils
(2) PF coils
(3) CS coils
(4) correction coils (CCs)

(b) vacuum vessel (VV)
(c) in-vessel coil systems
(d) in-vessel components, including divertors, breeder

blankets, and first-wall tiles
(e) cryostat
(f) VV overpressure suppression system

(g) thermal and radiation shields for magnets
Each of these major systems consists of other subsys-

tems and components that together form a major part of
the tokamak.
The tokamak has a confinement structure that also

serves as a radiation-shielding barrier; the cryostat
and the VV provide the vacuum boundaries. The
primary purpose of the cryostat is to provide the environ-
ment for the thermal isolation of the resistive and super-
conducting magnets. The VV is located inside the magnet
system and provides the first confinement barrier for the
in-vessel radiological inventory (such as unburnt tritium
and activated structures).
The thermal shield is mounted between the VV and the

superconducting magnets on the inside, and the cryostat
and the magnets on the outside. All of these components
aremounted inside the cryostat. Inside theVV, the internal
replaceable components includebreederblanketmodules
and divertor cassettes.

FAB-1210 MAGNET SYSTEM

The typical magnet system for a tokamak consists of TF
coils, a CS, PF coils, and, if necessary, CCs. The TF coils
determine the basic toroidal segmentation of the
machine and are chosen to meet the number and size re-
quirements of access ports. An example of this magnet
system is shown in Figure FAB-1210-1.
The TF coil case encloses the winding pack and is the

main structural component of the magnet system. The TF
coil case and the winding pack are structurally linked.
The CS assembly consists of a vertical stack of winding-

pack modules, which is supported from the bottom of the
TF coils through its preload structure. The number of CS
modules is designed to satisfy the plasma-shaping re-
quirements.
ThePF coils are attached to theTFcoil to allow for radial

displacements. The PF coils provide suitable magnetic
fields for plasma shaping and position control.
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