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Markings such as “ASME,” “ASME Standard,” or any other marking including “ASME,” ASME logos,
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 or Standard. Use of of the ASME
Single Certification Mark requires formal ASME certification; if no certification program is
available, such ASME markings may not be used. (For Certification and Accreditation Programs,
see https://www.asme.org/certification-accreditation.)

Items produced by parties not formally possessing an ASME Certificate may not be déscribed,
either explicitly or implicitly, as ASME certified or approved in any code forms or other\document.
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INTERPRETATIONS

Interpretations are issued in real time in ASME’s Interpretations Database at http://go.asme.org/Interpretations.
Historical BPVC interpretations may also be found in the Database.

CODE CASES

The Boiler and Pressure Vessel Code committees meet regularly to consider proposed additions and révisions to the
Code and to formulate Cases to clarify the intent of existing requirements or provide, when the need is.iirgent, rules for
materials or constructions not covered by existing Code rules. Those Cases that have been adopted*will appear in the
appropriate 2021 Code Cases book: “Boilers and Pressure Vessels” or “Nuclear Components.”®ach Code Cases book is
updated with seven Supplements. Supplements will be sent or made available automatically tothe purchasers of the Code
Cases books up to the publication of the 2023 Code. Annulments of Code Cases become effective six months after the first
announcement of the annulmentin a Code Case Supplement or Edition of the appropriate Code Case book. Code Case users
can check the current status of any Code Case at http://go.asme.org/BPVCCDatabase.Code Case users can also view an
index of the complete list of Boiler and Pressure Vessel Code Cases and Nuclear Cod€ Cases at http://go.asme.org/BPVCC.

vi


https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NG (ASME BPVC Section 3 Division 1 NG) 2021.pdf

FOREWORD"

In 1911, The American Society of Mechanical Engineers established the Boiler and Pressure Vessel Committee.to
formulate standard rules for the construction of steam boilers and other pressure vessels.In 2009, the Boiler and Pressure
Vessel Committee was superseded by the following committees: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)

(9) 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)

(1) Technical Oversight Management Committee (TOMC)

Where reference is made to “the Committee” in this Foreword, each of these committees is included individually and
collectively.

The Committee’s function is to establish rules of safety relating to pressure integrity, which govern the construction” of
boilers, pressure vessels, transport tanks, and nuclear components,/and the inservice inspection of nuclear components
and transport tanks. For nuclear items other than pressure-retaining components, the Committee also establishes rules of
safety related to structural integrity. The Committee alsofiniterprets 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 TechnicalOversight Management Committee. This Code does not address
other safety issues relating to the construction of baoilers, pressure vessels, transport tanks, or nuclear components, or the
inservice inspection of nuclear components oritransport 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 pressupe-fetaining 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 ‘ef-iisers, manufacturers, and inspectors of components addressed by the Code. The
objective of the rules is to affordaeasonably certain protection of life and property, and to provide a margin for deteriora-
tion in service to give a reasonably long, safe period of usefulness. Advancements in design and materials and evidence of
experience have been recognized.

This Code containsymrandatory 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 Foreword may contain material 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 comprising materials, design, fabrication, examination, inspection, testing, certifica-
tion, and overpressure protection.
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responsible for all technical assumptions inherent in the programs they use and the application of these programs to their
design.

The rules established by the Committee are not to be interpreted as approving, recommending, or endorsing any
proprietary or specific design, or as limiting in any way the manufacturer’s freedom to choose any method of design or any
form of construction that conforms to the Code rules.

The Committee meets 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 in writing
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 the Committee for appropriate action. The action of the Committee becomes effective only after confifmation
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
toinvite comments from all interested persons. After public review and final approval by ASME, revisions are published at
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>€ode are to be directed to the
Committee. ASME is to be notified should questions arise concerning improper-use-of the ASME Single Certification
Mark.

When required by contextin this Section, the singular shall be interpreted as the plural, and vice versa, 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 fellows:

- 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.

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

ASME has established procedures to authorize qualified organizations to perform various activities in accordance with
the requirements of the ASME Boiler and Pressure Vessel Code. It is the aim of the Society to providerecognition 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 jtems or constructions that
have been constructed and inspected in compliance with the ASME Boiler and Pressure Vessél€ode are issued Certificates
of Authorization. Itis the aim of the Society to maintain the standing of the ASME Single Ceftification Mark for the benefit 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 tisage in advertising of facsimiles of the
ASME Single Certification Mark, Certificates of Authorization, and reference to(Code construction. The American Society of
Mechanical Engineers does not “approve,” “certify,” “rate,” or “endorse” anjtitem, construction, or activity and there shall
be no statements or implications that might so indicate. An organization helding the ASME Single Certification Mark 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 ASME Boiler and-Pressure Vessel Code.” An ASME corporate logo shall not
be used by any organization other than ASME.

The ASME Single Certification Mark shall be used only for stamping and nameplates as specifically provided in the Code.
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 the ASME Single Certification Mark who may 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

The ASME Boiler and Pressure Vessel Code provides rules for the construction of boilers, pressure vessels, and nuclear
components. This.includes requirements for materials, design, fabrication, examination, inspection, and stamping. [tems
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 described on ASME Data Report Forms nor on similar forms referring to ASME 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.



https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NG (ASME BPVC Section 3 Division 1 NG) 2021.pdf

(21)

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 weélding and brazing
materials in Section II, Part C for requirements for requests that involve adding new welding aiid*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) Code Cases.Code Cases represent alternatives or additions to existing Code requirements. Code Cases are written
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 CodexHowever, users are cautioned that not all
regulators, jurisdictions, or Owners automatically accept Code Cases. The'miost 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 construetién

(-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) Interpretations will be issued only ifexisting Code text is ambiguous or conveys conflicting requirements. Ifa
revision of the requirements is required to stipport the Interpretation, an Intent Interpretation will be issued in parallel
with a revision to the Code.

(b) Coderequirements, Code Cases;ahd Code Interpretations established by the Committee 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 requirements.

(c) Inquiries that do not @mply 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 copy of, or relevant
extracts from, the specific referenced portions of the Code.
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(c) Presentations. The Inquirer may desire to attend or be asked to attend a meeting of the Committee to make a formal
presentation or to answer questions from the Committee members with regard to the Inquiry. Attendance at a BPV
Standards Committee meeting shall be at the expense of the Inquirer. The Inquirer’s attendance or lack of attendance ata
meeting will notbe used by the Committee as a basis for acceptance or rejection of the Inquiry by the Committee. However,
ifthe Inquirer’s request is unclear, attendance by the Inquirer or a representative may be necessary for the Committee to
understand the request sufficiently to be able to provide an Interpretation. If the Inquirer desires to make a presentation
at a Committee meeting, the Inquirer should provide advance notice to the Committee Secretary, to ensure time will he
allotted for the presentation in the meeting agenda. The Inquirer should consider the need for additional audioyvisual
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 extractsfrom, 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 recommended wording 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*rieed 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 fequest, that will allow the Committee to
adequately evaluate the requested revision or addition. Sketches, tablés;“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, new procedure) should be déseribed. In addition, it is important that the request is in connection
with equipment that will bear the ASME Single €ertification Mark, with the exception of Section XI applications. The
proposed Code Case should identify the Code Séction and Division, and should be written as a Question and a Reply, 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 Inquirexshould propose a condensed and precise Inquiry, omitting superfluous background infor-
mation and, when possiblg, 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. ThéInquirer should propose a Reply that clearly and concisely answers the proposed Inquiry question.
Preferably, thé\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 are ambiguous or convey conflicting requirements. The Inquirer should provide any need or background
information, such as described in 3(b) and 3(c), respectively, for Code revisions or additions, that will assist the
Comunittee in understanding the proposed Inquiry and Reply.

[fthe Inquirer believes a revision of the Code requirements would be helpful 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
ina Code Case. Except with regard to interpreting a specific Code requirement, the Committee is not permitted 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

Xi
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(2) arequest 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 Inquirér
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 be mailed to the Secretary of the BPV Committee at the address aboye, Inquiries are unlikely
to receive a response if they are not written in clear, legible English. They must 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. Inquirers may track the status of
their Interpretation Request at http://go.asme.org/Interpretations.
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ORGANIZATION OF SECTION il

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” for Division 3, and by the letter “H” for Division 5. Each Subsection is published separately, with the exéeption of
those listed for Divisions 2, 3, and 5.

¢ Subsection NCA — General Requirements for Division 1 and Division 2
e 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

e Division 2 — Code for Concrete Containments
- Subsection CC — Concrete Containments

¢ Division 3 — Containment Systems for Transportation and-Sterage 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 Containmeiits
- 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 — Compositeé.Materials
Subsection HB — Class AcMetallic 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.IIL.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 Protectioh
8000 Nameplates, Stamping With Certification Mark, and Reports

The numbering of Articles and the material 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 are major 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 are minor 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 IlIl. When a reference is made to another Article, subarticle, or paragraph, all
numbers subsidiary to that reference shall be included. For example, reference to Article NB-3000 includes all material 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 a material, or for the examination or testing of a material, is to be in
accordance with a specification such as SA-105, SA-370, or SB-160, the reference is to material specifications in SectiondlI.
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 1X, 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 refefence 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 usedtin 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, andfittings 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 coverihg products such as valves, flanges, and fittings are also
published by the Manufacturers Standardization Society«fithe Valve and Fittings Industry and are known as Standard
Practices. When a product is required by these rules to’¢onform 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
NW 36 Street, No. 130, Miami, FL. 33166.Specifications of this type are incorporated in Section Il and are identified by the
AWS designation with the prefix “SF\for example SFA-5.1.

(5) Standards applicable to thexdesign 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 I1I uses two types of appendices that are designated as either Section III Appen-
dices or Subsection Appéendices. Either of these appendices is further designated as either Mandatory or Nonmandatory
for use. MandatoryAppendices are referred to in the Section Il rules and contain requirements that must be followed in
construction. Nonmandatory Appendices provide additional information or guidance when using Section III

(1) Section 11l Appendices are contained in a separate book titled “Appendices.” These appendices have the potential
for multiple'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 1I-1500 or
XII1-1210. 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-1I-1100 or NF-A-1200 would be part of a Subsection NF mandatory or
nonmandatory appendix, respectively. For Subsection CC, D2-1V-1120 or D2-D-1330 would be part of a Subsection CC
mandatory or nonmandatory appendix, respectively.

(3) Itis 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.
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Location
List of Sections

Foreword

Submittal of Technical Inquiries to the
Boiler and Pressure Vessel Standards

Committees

Personnel

Organization of Section III

NG-2584.2
NG-2585.2
NG-3211
NG-3213.16
NG-3213.17
NG-3213.19
NG-3213.20
NG-3213.21
NG-3215

NG-3216
NG-3216.1
NG-3216.2
NG-3220

Figure NG-3222-1
NG¢3222.2
NG-3222.5

Figure NG-3224-1
NG-3224.1
NG-3225
NG-3228.1
NG-3228.2
NG-3228.3

NG-3229

Figure NG-3232-1
NG-3232.1
NG-3232.2

Change

(1) Listing for Section III updated
(2) Section XIII added
(3) Code Case information updated

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

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

Updated

(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

Revised

Revised
Subparagraphv(c) revised
Revised

Revised

Added

Revised

Cross-reference updated

(1) First paragraph revised and second paragraph added
(2) In subpara. (b)(1), cross-reference updated
(3) Note deleted

Revised
In subpara. (c), penultimate sentence added
Subparagraph (e) revised

In NG-3221, NG-3221.1, and NG-3221.2, cross-references to figure
updated

In Note (5), S, corrected by errata to S

Revised

Revised

Revised

Subparagraphs (c) and (c)(2) revised

Subparagraph (b) added and subsequent subparagraphs redesignated
Revised in its entirety

Revised in its entirety

(1) Revised
(2) Former in-text table designated as Table NG-3228-1

Title revised
Revised
Revised

Revised
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Page Location Change

45 NG-3235 (1) In subparas. (a), (a)(3), and (b), last line revised y
(2) Subparagraph (c) deleted SC
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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-nunibered 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 PressurelVessel 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

Itis our intention to establish cross-reference linkfunctionality in the current edition and moving forward. To facilitate
this, cross-reference style has changed. Cross-neferences within a subsection or subarticle will notinclude the designator/
identifier of that subsection/subarticle. Examples follow:

e (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).dppears 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).

e 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) butis-treferenced in a different subsection/subarticle/paragraph, it will be referenced as eq. X.1(a)(1)(1).
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ARTICLE NG-1000
INTRODUCTION

NG-1100 SCOPE

NG-1110 ASPECTS OF CONSTRUCTION COVERED
BY THESE RULES

Subsection NG establishes rules for materials, design,
fabrication, examination, and preparation of reports
required in the manufacture and installation of core
support structures.” ?

NG-1120 DEFINITION OF STRUCTURES AND
APPLICATION OF THESE RULES TO THEM

NG-1121 Core Support Structures

Core supportstructures shall be constructed to the rules
ofthis Subsection. Core support structures are those struc-
tures or parts of structures which are designed to provide
direct support or restraint of the core (fuel and blanket
assemblies) within the reactor pressure vessel. Structurés
which support or restrain the core only after the pestu~
lated failure of core support structures are considéréd to
be internal structures (NG-1122).

NG-1122 Internal Structures

(a) Internal structures are all structures within the
reactor pressure vessel other than\core support struc-
tures, fuel® and blanket assembli€s, control assemblies,
and instrumentation.

(b) The rules of this Subseetion apply to internal struc-
tures as defined in (a) abeve, only when so stipulated by
the Certificate Holder manufacturing core supports, here-
after referred to imthis Subsection as Certificate Holder.

(c) The Certificate Holder shall certify? that the
construction.of all internal structures is such as not to
affectadversely the integrity of the core support structure.

NG-1123 Temporary Attachments

Atemporary attachmentis an elementin contact with or
connected to the core support structure, which is removed
prior to operation. Temporary attachments include items
such as alignment lug tie straps and braces.

NG-1130 BOUNDARIES OF JURISDICTION
APPLICABLE TO THIS SUBSECTION

NG-1131 Boundary Between Core-Support
Structure and Reactor-Pressure Vessel

The jurisdictional boundary.between a core support
structure and the reactot, pressure vessel shall be the
surface of the core support'structure. The first connecting
weld of a core suppért)structure to the reactor pressure
vessel shall be considered part of the reactor pressure
vessel unless the weld is more than 2t from the pres-
sure-retaining portion of the reactor pressure vessel,
where t is'the nominal thickness of the pressure-retaining
materjalBeyond the first connecting weld to the reactor
pressure vessel, or beyond 2t from the pressure-retaining
portion of the reactor pressure vessel, the first weld shall
be considered part of the core support structure, unless
otherwise specified in the Design Specification. Mechan-
ical fasteners used to connect a core support structure to
the reactor pressure vessel shall meet the requirements of
this Subsection. Figure NG-1131-1 is provided as an aid in
defining the boundary and construction requirements of
this Subsection.

NG-1132 Boundary Between Core Support
Structure and Internal Structure

(a) Internal structures may bear on or may be welded,
cast, or fastened to core support structures.

(b) The jurisdictional boundary between a core
support structure and an internal structure is the
surface of the core support structure. The means by
which the internal structure is connected to the core
support structure shall be considered as follows:

(1) Attachment welds shall be considered as part of
the core support structure.

(2) Mechanical connections (such as fasteners or
pins) shall be considered as part of the internal structure.

(c) One or more portions of a casting may be classified
as core support structures and different portions of the
same casting may be classified as internal structures. The
portions of the casting so classified shall be defined by the
Design Specification or on the drawing. The entire casting
(core support and internal structural portions) shall meet
the material property requirements of Article NG-2000
with the additional nondestructive examinations of the
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internal structure portion sufficient to meet the require-
ment of NG-1122(c).

NG-1133 Boundary Between Core Support
Structure and Temporary Attachment

The jurisdictional boundary between a core support
structure and a temporary attachment shall be the
surface of the core support structure.
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Figure NG-1131-1
Jurisdictional Boundary Between Core Support Structure and Reactor Pressure Vessel

@ Reactor pressure vessel conforms to
Subsection NB.

(@ Pressure-retaining portion of the reactor
pressure vessel.

Jurisdictional boundary (heavy line).

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

Beyond 2t from the pressure-refaining
portion of the reactor pressure’vessel,

the design rules of Artiéle.NG-3000 may be
used as a substituteforthe design rules

of Article NB-3000:

@ At or within 2€ from the pressure-retaining
portion of theréactor pressure vessel,
the first Connecting weld shall conform to
Subsection NB.

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

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

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

Ho;i?i?‘\;vn_» At or within 2t from the pressure-retaining

portion of the component, the interaction
effects of the attachment on the reactor
pressure vessel shall be considered in
accordance with NB-3135.

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

Section A-A

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

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

NG-2100 GENERAL REQUIREMENTS FOR
MATERIAL

NG-2110 SCOPE OF PRINCIPAL TERMS EMPLOYED

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

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

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

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

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

(-b) disk forgings (axiallength less than the outside
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 mmy), the
axial length is the nominal thickness; for axjal(length
>2 in. (50 mm), the radial thickness is the nomihal thick-
ness.

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

(3) castings: thickness, t, is defined as the largest
nominal thickness of the load*carrying portion of the
casting.

NG-2120 MATERIAL FOR CORE SUPPORT
STRUCTURES

NG-2121 Permitted Material Specifications

(a) Core support structural material, and material
welded _thereto, and threaded structural fasteners, with
the exception of welding material (NG-2430), hard surfa-
cing‘material (Section IX, QW-251.4), cladding which is
10% or less of the thickness of the base material
(NG-3122), or the material excluded by NG-4430, shall
conform to the requirements of the specifications for
material given in Section II, Part D, Subpart 1, Tables
2A and 2B, including all applicable notes in the table,
and to all of the special requirements of this Article

which apply to the product form in which the material
is used.

(b) The requirements of this Article-apply to the
internal structures (NG-1122) only asspecifically stipu-
lated by the Certificate Holder; however, the Certificate
Holder shall certify that the materjal used for the internal
structures shall not adversely, affect the integrity of the
core support structure.

(c) Welding material used:in manufacture 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 materials,used as backing rings or backing strips in
welded joints.

NG-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-
cation wherever the special requirements conflict with the
material specification requirements (NCA-4256). Where
the special requirements include an examination, test, or
treatment which is also required by the material specifi-
cation, the examination, test, or treatment need be
performed only once. Required nondestructive examina-
tions shall be performed as specified for each product
form in NG-2500. Any examination, repair, test, or treat-
ment required by the material specification or this Article
may be performed by the Material Organization or the
Certificate Holder as provided in NG-4121.1. Any hydro-
static or pneumatic pressure test required by a material
specification need notbe performed provided the material
is not used in a pressure-retaining function.

(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.

NG-2124 Size Ranges

Material outside the limits of size or thickness given in
any specification in Section Il may be used if the material 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 both are indicated
to vary with size or thickness, any material outside the
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specification range shall be required to conform to the
composition and mechanical properties shown for the
nearest specified range (NCA-4256).

NG-2130 CERTIFICATION OF MATERIAL

All material used in the construction or installation of
core support structures shall be certified as required in
NCA-3862 and NCA-3861. Certified Material Test Reports
are required for core support material except as provided
by NCA-3862. A Certificate of Compliance may be provided
inlieu of Certified Material Test Reports for all other mate-
rial. Copies of all Certified Material Test Reports and Certi-
ficates of Compliance applicable to material used in a core
support structure shall be furnished with the material.

NG-2140 WELDING MATERIAL

For the requirements governing the material to be used
for welding, see NG-2400.

NG-2150 MATERIAL IDENTIFICATION

The identification of material for core support struc-
tures shall meet the requirements of NCA-4256. Material
for small items shall be controlled during manufacture of
the core support structures so that they are identifiable as
acceptable material at all times. Welding material shall be
controlled during the repair of material and the manufac-
ture and installation of core support structures so that
they are identifiable as acceptable material until the mates
rial is actually consumed in the process (NG-4122).

NG-2160 DETERIORATION OF MATERIAL IN
SERVICE

Consideration of deterioration of material caused by
service is generally outside the scope of this Subsection.
It is the responsibility of the Owner to select material
suitable for the conditions stated in the Design Specifica-
tions (NCA-3250), with specific attention being given to
the effects of service conditions upon the properties of the
material.

NG-2170 HEAT<FREATMENT TO ENHANCE
IMPACT PROPERTIES

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

NG-2180 PROCEDURES FOR HEAT TREATMENT
OF MATERIAL

When heat treating temperature or time is required by
the material 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
the heattreatment is in accordance with the material spec-
ification and the rules of this Subsection.

NG-2190 TEMPORARY ATTACHMENT MATERIAL

Material used for temporary attachments need not
comply with Article NG-2000 and may-be welded to
the core support structure provided-the requirements
of NG-4430 are met.

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

NG-2210 HEAT TREATMENT REQUIREMENTS

NG-2211 Test Coupon Heat Treatment for Ferritic
Material*

Where ferritic steel material is subjected to heat treat-
ment'during construction, the material used for the tensile
and impact test specimens shall be heat-treated in the
same manner as the core support structures, except
that test coupons and specimens for P-No. 1 Groups
Nos. 1 and 2 material with a nominal thickness of 2 in.
(50 mm) or less are not required to be so heat-treated.
The Certificate Holder shall provide the Material Organ-
ization with the temperature and heating and cooling rate
to be used. In the case of postweld heat treatment, the total
time at temperature or temperatures for the test material
shall be at least 80% of the total time at temperature or
temperatures during actual postweld heat treatment of
the material and the total time at temperature or tempera-
tures for the test material, coupon, or specimen may be
performed in a single cycle.

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

NG-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 (NG-2223.3 and NG-2226.4). This rule shall
apply for coupons taken directly from the material as well
as for separate test coupons representing the material,
and one of the general procedures described in
NG-2212.2 or one of the specific procedures described
in NG-2220 shall be used for each product form.
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NG-2212.2 General Procedures. One of the general
procedures stipulated in (a) through (c) below may be
applied to quenched and tempered material or test
coupons representing the material, provided the speci-
mens are taken relative to the surface of the product
in accordance with NG-2220. Further specific details of
the methods to be used shall be the obligation of the Mate-
rial Organization 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 the main body of the product at
the region midway between midthickness and the surface
(%t) 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 the material and cooling rate
control devices for the test specimens are available, the
test specimens may be heat-treated in the device to repre-
sent the material provided that the provisions of (a) above
are met.

(c) When any of the specific procedures described in
NG-2220 are used, faster cooling rates at the edges may be
compensated for by

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

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

(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.

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

NG-2221 General Requirements

The procedure for obtaining test coupons and speci-
mens for quenched and tempered material is related
to the product formi. Coupon and specimen location
and the number-oftension test specimens shall be in accor-
dance with the material specifications, except as required
by this subarticle. References to dimensions signify
nominal yalues.

NG-2222 Plates

NG-2222.1 Number of Tension Test Coupons. The
number of tension test coupons required shall be in accor-
dance with the material specification and SA-20, except
that from carbon steel plates weighing 42,000 1b
(19000 kg) and over and alloy steel plates weighing
40,000 Ib (18000 kg) and over, two tension test

coupons shall be taken, one representing the top end
of the plate and one representing the bottom end of
the plate.

NG-2222.2 Orientation and Location of Coupons.
Coupons shall be taken so that specimens shall have
their longitudinal axes at least Yt 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.

NG-2222.3 Requirements for Separate Test Coupons.
Where a separate test coupon is used to representthe core
support structure material, it shall be of sufficient size to
ensure that the cooling rate of the region ffom which the
test coupons are removed representsthe cooling rate of
the material at least ¥t deep and t4rom any edge of the
product. Unless cooling rates applieable to the bulk pieces
or product are simulateéd’in accordance with
NG-2212.2(b), the dimensions of the coupon shall be
not less than 3t x 3t x tywhere t is the nominal material
thickness.

NG-2223 Forgings

NG-2223.1 ‘Location of Coupons. Coupons shall be
taken §0 that specimens shall have their longitudinal
axes-at\léast %t from any surface and with the midlength
ofithie specimens at least t from any second surface, where
tisthe maximum heat-treated thickness. A thermal buffer
as described in NG-2212.2(c) may be used to achieve these
conditions, unless cooling rates applicable to the bulk
forgings are simulated as otherwise provided in
NG-2212.2.

NG-2223.2 Very Thick and Complex Forgings. Test
coupons for forgings which are both very thick and
complex, such as contour nozzles, 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 prolonga-
tions or other stock provided on the product. The Certi-
ficate Holder shall specify the surfaces of the finished
product subjected to high tensile stresses in service.
The coupons shall be taken so that specimens shall
have their longitudinal axes at a distance below the
nearest heat-treated surface, equivalent at least to the
greatest distance that the indicated high tensile stress
surface will be from the nearest surface during heat treat-
ment, 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 %, in. (19 mm) to any heat-treated
surface and the midlength of the specimens shall be at
least 1% in. (38 mm) from any second heat-treated
surface.
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NG-2223.3 Coupons From Separately Produced Test
Forgings. Test coupons representing forgings from one
heat and one heat treatment lot may be taken from a sepa-
rately forged piece under the conditions given in the
following:

(a) The separate testforging shall be of the same heat of
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 be heat-treated in
the same furnace charge and under 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-to-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 NG-2223.2.

NG-2224 Location of Coupons

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

(b) Threaded Structural Fastener _Material. For
threaded structural fastener material, the coupons
shall be taken in conformance with.the'applicable material
specification and with the midlength of the specimen at
least one diameter or thickn€éss from a heat-treated end.
When the threaded structural fasteners, including studs
and nuts, are not of sufficient length, the midlength of the
specimen shall be at the midlength of the threaded struc-
tural fasteners.xThe threaded structural fasteners,
including studs- and nuts, selected to provide test
coupon material shall be identical with respect to the
quenched-eontour and size except for length, which
shall equal or exceed the length of the represented
thréaded structural fasteners.

NG-2225 Tubular Products and Fittings

NG-2225.1 Location of Coupons. Coupons shall be
taken so that specimens shall have their longitudinal
axes at least Y4t 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.

NG-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 NG-2223.3 shall be
met.

NG-2226 Castings

NG-2226.1 Castings With 2 in. (50 mm) Maximum
Thickness and Less. For castings with a maximunmthick-
ness of 2 in. (50 mm) and less, the specimens shalkbe taken
from either the standard separately cast coupons or the
casting, in accordance with the material,specification.

NG-2226.2 Castings With Thicknesses Exceeding 2
in. (50 mm) Maximum Thickness)\Fer castings exceeding
a thickness of 2 in. (50 mm), the coupons shall be taken
from the casting (or an extens§ion of it) so that specimens
shall have their longitidinal axes at least Y4t of the
maximum heat-treated thickness from any surface and
with the midlength.ef the specimens at least t from
any second surface. A thermal buffer may be used
[NG-2212.2(a)}-

NG-2226.3 Separately Cast Test Coupons for Castings
With Thicknesses Exceeding 2 in. (50 mm). In lieu of the
requirements of NG-2226.2, separately cast test coupons
may be used under the following conditions:

(a) The separate test coupon representing castings
from one heat and one heat treatment lot shall be of
the same heat of material and shall be subjected to
substantially the same foundry practices as the produc-
tion casting it represents.

(b) The separate test coupon shall be heat-treated in
the same furnace charge and under the same conditions
as the production casting, unless cooling rates applicable
to the bulk castings are simulated in accordance with
NG-2212.2.

(c) The separate test coupon shall be not less than
3t x 3t x t, where t equals the nominal thickness of
the casting. Test specimens shall be taken with their lon-
gitudinal axes at the region midway between midthick-
ness and the surface and with the midlength of the
specimens no nearer any heat-treated edge than a
distance equal to the casting thickness.

NG-2226.4 Castings Machined or Cast to Finished
Configuration Before Heat Treatment. In lieu of the re-
quirements of NG-2226.1, NG-2226.2, or NG-2226.3,
test coupons may be removed from prolongations or
other stock provided on the product. The coupons
shall be taken so that specimens shall have their longitu-
dinal axes at a distance below the nearest heat-treated
surface equivalent at least to the greatest distance that
the indicated high tensile stress surface will be from
the nearest outside 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
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shall be at least % in. (19 mm) from any heat-treated
surface and the midlength of the specimens shall be at
least 1% in. (38 mm) from any second heat-treated
surface. The Certificate Holder shall specify the surfaces
ofthe finished product subjected to high tensile stresses in
service.

NG-2300 FRACTURE TOUGHNESS
REQUIREMENTS FOR MATERIAL

NG-2310 MATERIAL TO BE IMPACT TESTED

NG-2311 Components for Which Impact Testing of
Material Is Required

(a) When the Design Specifications for core support
structures require impact testing® they shall be impact
tested in accordance with the requirements of
NG-2300, except that the following materials are not to
be impact tested as a requirement of this Subsection:

(1) material with a nominal section thickness of % in.
(16 mm) and less

(2) threaded structural fasteners, including studs
and nuts, with a nominal size of 1 in. (25 mm) and less

(3) bars with a nominal cross-sectional area of 1 in.?
(650 mm?) and less

(4) all thicknesses of materials for pipe, tube, and
fittings with an NPS 6 (DN 150) diameter and smaller

(5) austenitic stainless steels, including
precipitation-hardened austenitic Grade 660 (UNS
S66286)

(6) nonferrous material

(b) Drop weight tests are not required for martensitic
high alloy chromium (Series 4XX) steels and préecipitation-
hardening steels listed in Section II, Part-D; Subpart 1,
Tables 2A and 2B. The other requirements of NG-2331
and NG-2332 apply for these steels.-For nominal wall
thickness greater than 2 in. (50 mm), the required C,
value shall be 40 mils (1.00 mm) lateral expansion.

NG-2320 IMPACT TEST PROCEDURES
NG-2321 Types of Tests

NG-2321.1 Drop-Weight Tests. The drop weight test,
when required;'shall be performed in accordance with
ASTM E208, Specimen types P-1, P-2, or P-3 may be
used. The oxientations and locations of all test specimens
and theresults of all tests performed to meet the require-
ments of NG-2330 shall be reported in the Certified Mate-
rial yTest Report.

NG-2321.2 Charpy V-Notch Tests. The Charpy V-notch
test (C,), when required, shall be performed in accordance
with SA-370. Specimens shall be in accordance with SA-
370, Figure 11, Type A. A test shall consist of a set of three
full-size 10 mm x 10 mm specimens. The lateral expansion
and absorbed energy, as applicable, and the test tempera-

ture, as well as the orientation and location of all tests
performed to meet the requirements of NG-2330 shall
be reported in the Certified Material Test Report.

NG-2322 Test Specimens

NG-2322.1 Location of Test Specimens. Impact test
specimens for quenched and tempered material shall
be removed from the locations in each product form speci-
fied in NG-2220 for tensile test specimens. For materialin
other heat-treated conditions, impact test specimens shall
be removed from the locations specified for tensile’speci-
mens in the material specification. For all other’material,
the number of tests shall be in accordance-with NG-2340.
For threaded structural fasteners, the g impact test speci-
mens shall be taken with 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 speci-
mens shall be at least oné-diameter or thickness from the
heat-treated end. When'the threaded structural fasteners,
including studs and nuts, are not of sufficient length, the
midlength of thesspecimen shall be at the midlength of the
threaded structural fasteners. The threaded structural
fasteners,sincluding studs and nuts, selected to provide
test coupon material shall be identical with respect to
the guenched contour and size except for length,
which shall equal or exceed the length of the represented
threaded structural fasteners.

NG-2322.2 Orientation of Impact Test Specimens.

(a) Specimens for Charpy V-notch tests shall be
oriented as follows:

(1) Specimens for forgings, other than threaded
structural fasteners and bars, shall be oriented in a direc-
tion normal to the principal direction in which the material
was worked. Specimens are neither required nor prohib-
ited from the thickness direction.

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

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

(4) Specimens for all plate material, including those
used for pipe, tube, and fittings, shall be oriented in a direc-
tion normal to the principal rolling direction, other than
thickness direction.

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

(6) In cases (1) through (5) above, the length of the
notch of the C, specimen shall be normal to the surface of
the material.

(b) Specimens for drop weight tests may have their
axes oriented in any direction. The orientation used
shall be reported in the Certified Material Test Report.
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Table NG-2331(a)-1
Required C, Values for Core Structure Material With
2 in. (50 mm) Maximum Thickness (Other Than
Threaded Structural Fasteners)

Nominal Wall Thickness,
in. (mm)

% (16) or less

Lateral Expansion,
mils (mm)

No test required

Over % to ¥ (16 to 19), incl. 20 (0.50)
Over ¥, to 1% (19 to 38), incl. 25 (0.64)
Over 1% to 2 (38 to 50), incl. 40 (1.00)

NG-2330 TEST REQUIREMENTS AND
ACCEPTANCE STANDARDS®

NG-2331 Material for Core Support Structures Not
Exceeding 2 in. (50 mm) Maximum
Thickness

Material for core support structures (other than
threaded structural fasteners) with nominal thickness
2 in. (50 mm) and less shall be tested as required in
the following:

(a) Test three C, specimens at a temperature lower
than or equal to the lowest service temperature.” All
three specimens shall meet the requirements of Table
NG-2331(a)-1.

(b) Apply the procedures of (a) above to

(1) base material,®

(2) the base material, the heat-affected zongem~and
weld metal from the weld procedure qualification tests
in accordance with NG-4330, and

(3) the weld metal of NG-2431.

NG-2332 Material With Thickness Exceeding 2
in. (50 mm)

Material for core supportStructures (other than
threaded structural fasteners) with nominal wall thick-
ness over 2 in. (50 mm) shall meet the following require-
ments:

(a) Establish a reference temperature RTypr; this shall
be done as required in (1) through (5) below.

(1) Detetniine a temperature Tyxpt Which is at or
above the nil-ductility transition temperature by drop
weight tests.

2) At a temperature not greater than
[Tnp'r + 60°F (33°C)], each specimen of the C, test
(ING-2321.2) shall exhibit at least 35 mils (0.89 mm)
lateral expansion and not less than 50 ft-1b (68 ]) absorbed
energy. Retesting in accordance with NG-2350 is
permitted. When these requirements are met, Typr is
the reference temperature RTnpr.

(3) In the event that the requirements of (2) are not
met, conduct additional C, tests in groups of three speci-
mens (NG-2321.2) to determine the temperature T, at

which they are met. In this case, the reference temperature
RTnpr = T, - 60°F (33°C). Thus, the reference tempera-
ture RTypr is the higher of Typr or [T¢, - 60°F (33°C)].

(4) When a C, test has not been performed at
[Typt + 60°F (33°C)] or when the C, test at
[TnpT + 60°F (33°C)] does not exhibit a minimum of
50 ft-1b (68 ]) energy absorption and 35 mils (0.89
mm) lateral expansion, a temperature representing a
minimum of 50 ft-1b (68 ]) energy absorption-and 35
mils (0.89 mm) lateral expansion may berobtained
from a full C, impact curve developed)from the
minimum data points of all the C, tests performed.

(5) The lowest service temperatiife shall be not
lower than RTypr + 100°F (55°C) unless'a lower tempera-
ture is justified by using methods similar to those
contained in Section III Appéendices, Nonmandatory
Appendix G, Article G-2000.

(b) Apply the procedures of (a) above to

(1) the base material

(2) the base material, the heat-affected zone, and
weld metal from the weld procedure qualification tests
in accordance.with NG-4330

(3) the weld metal of NG-2431

(c) Product forms having dimensions which prohibit
obtaining drop weight test specimens shall be tested in
accordance with NG-2331.

(d) Consideration shall be given to the effects of irra-
diation on material toughness properties (such as core
beltline region of reactor). The Design Specifications
shall include additional requirements, as necessary, to
assure adequate fracture toughness for the service life-
time of the core support structures. The toughness proper-
ties may be verified in service periodically by a material
surveillance program using the methods of ASTM E185
and the material conditions monitored by the in-
service inspection requirements of Section XI.

NG-2333 Threaded Structural Fasteners

For threaded structural fastener material, including
studs and nuts, test three C, specimens at a temperature
no higher than the preload temperature or the lowest
service temperature, whichever is the lesser. All three
specimens shall meet the requirements of Table
NG-2333-1.

Table NG-2333-1
Required C, Values for Threaded Structural Fastener
Material

Nominal Diameter,
in. (mm)

1 (25) or less
1 (25) through 4 (100)
Over 4 (100)

Lateral Expansion, Absorbed Energy,
mils (mm) ft-1b ()

No test required

No test required
25 (0.64)
25 (0.64)

No requirements
45 (61)



https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NG (ASME BPVC Section 3 Division 1 NG) 2021.pdf

ASME BPVC.IIL.1.NG-2021

NG-2340 NUMBER OF IMPACT TESTS REQUIRED
NG-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.

NG-2342 Forgings and Castings

(a) Where the weight of an individual forging or casting
is less than 1,000 Ib (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 Ib (900 kg).

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

(d) As an alternative to (c) above, 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 the
same reduction and working as the forgings representéd:

(e) Forgings or castingslargerthan 10,0001b (4 500'kg)
shall have two tests per part for Charpy V-notch and one
test for drop weights. The location of drop weight or C,
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 (NG-2226:3)'may be used; one test
shall be made for Charpy V-netch and one test for drop
weight.

NG-2343 Bars

One test shall beimade for each diameter or size having a
nominal cross{sectional area greater than 1 in.?in each lot,
where a lot i$ defined as one heat of material heat-treated
in one _charge or as one continuous operation, not to
exceed\6,000 1Ib (2700 kg).

NG>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 Y,
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.

NG-2345 Threaded Structural Fastener 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, net)to exceed in
weight the following:

Diameter
1%, in. (45 mm) and less
Over 1%, in. to 2% in. (45 mm.te\64 mm)
Over 2% in. to 5 in. (64 mm-t9 125 mm)
Over 5 in. (125 mm)

Weight
1,500 1b (700 kg)
3,000 Ib (1 350 kg)
6,000 Ib (2 700 kg)
10,000 1b (4 500 kg)

NG-2346 Test Definition

Unless otherwise stated in NG-2341 through NG-2345,
the term-one test is defined to include the combination of
the{drop weighttestand the C, test when RTypris required
(NG-2332) and only the C, test when determination of
RTypr is not required (NG-2331).

NG-2350 RETESTS

(a) For C, tests required by NG-2330, one retest at the
same temperature may be conducted, provided
(1) the average value of the test results meets the
minimum requirements
(2) notmore than one specimen per test is below the
minimum requirements
(3) the specimen not meeting the minimum require-
ments is notlower than 10 ft-1b (13.6]) or 5 mils (0.13 mm)
below the specified requirements
(b) Aretest consists of two additional specimens taken
as near as practicable to the failed specimens. For accep-
tance of the retest, both specimens shall meet the
minimum requirements.

NG-2360 CALIBRATION OF INSTRUMENTS AND
EQUIPMENT

Calibration of temperature instruments and C, impact
test machines used in impact testing shall be performed at
the frequency specified in the following:

(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.
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(b) C, test machines shall be calibrated and the results
recorded to meet 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).

NG-2400 WELDING MATERIAL
NG-2410 GENERAL REQUIREMENTS

(a) All welding material used in the construction and
repair of components or material, except welding material
used for hard surfacing, shall conform to the requirements
of the material specification or to the requirements for
other welding material as permitted in Section IX. In addi-
tion, welding material shall conform to the requirements
stated in this subarticle and to the rules covering identi-
fication in NG-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 [NG-2431.1(e)] in
either the as-welded or heat-treated condition or both
[NG-2431.1(c)]

(5) drop weight test for material as-welded or heat-
treated or both (NG-2332)

(6) Charpy V-notch test for materialéas-welded or
heat-treated or both (NG-2331); the‘test temperature,
and the lateral expansion or the absorbed energy, shall
be provided

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

(8) postweld heat.treatment time, temperature
range, and maximur.'cooling rate, if the production
weld will be heat-treated [NG-2431.1(c)]

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

(10) minimum delta ferrite (NG-2433)

NG-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 electrodesand
rods (flux cored or fabricated).

(c) each Lot Class S2 of fully metallic solid welding
consumables (bare electrode, rod, wire;.€onsumable
insert, or powdered filler metal).

(d) each Lot Class S2 of fully metallicsolid welding elec-
trodes or each Lot Class T2 of tubular-cored (fabricated)
electrodes and each Lot Class F2-ofisubmerged arc or elec-
troslag welding flux.

(e) each Lot Class S2 of fullymetallic solid welding elec-
trodes or each Lot Class\T2/0f 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 powderedfiller-metal. The chemical analysis range of
the supplemeéntal powdered filler metal shall be the same
as that of the. welding electrode, and the ratio of powder to
electrode. used to make the test coupon shall be the
maximuim 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 NG-4000 and this subarticle are
made and the results conform to the requirements of
this Article.

NG-2430 WELD METAL TESTS
NG-2431 Mechanical Properties Test

Tensile and impact tests shall be made, in accordance
with this paragraph, of welding material used to join P-
Nos. 1, 3 through 7,9, and 11 base materials in any combi-
nation, with the following exceptions:

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

(b) consumable inserts (backing filler material)

(c) welding material used for GTAW root deposits with
a maximum of two layers
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(d) welding material to be used for the welding of base
material exempted from impact testing by NG-2300 shall
likewise be exempted from the impact testing required by
this paragraph

NG-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) The weld metal to be tested for all processes except
electroslag welding shall be deposited in such a manner as
to eliminate substantially the influence of the base mate-
rial on the results of the tests. Weld metal to be used with
the electroslag process shall be deposited in such a
manner as to conform to one of the applicable Welding
Procedure Specifications (WPS) for production
welding. The base material shall conform with the require-
ments of Section IX, QW-403.1 or QW-403.4, as applicable.

(c) The welding of the test coupon shall be performed
within the range of preheat and interpass temperatures
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 time®* 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 temperature shall becof the
same order as that applicable to the weld metal in the
component. In addition, weld coupons fer weld metal
to be used with the electroslag process, that are tested
in the as-welded condition, or following a postweld
heat treatment within the holding-temperature ranges
of Table NG-4622.1-1 or TableNG-4622.4(c)-1, shall
have a thickness within the ¢tange of 0.5 to 1.1 times
the thickness of the welds tobe made in production. Elec-
troslag weld coupons to be tested following a postweld
heat treatment which will include heating the coupon
to a temperatureabove the “Holding Temperature
Range” of Table\NG-4622.1-1 for the type of material
being tested. shall have a thickness within the range of
0.9 to 1.1 times the thickness of the welds to be made
in production.

(d) The tensile specimens, and the C, 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
0of NG-2321.1 and NG-2321.2 shall apply. The longitudinal

axis of the specimen shall be at a minimum depth of %t
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 specified minimum tensile strength re-
quirements of the base material specification. When base
materials of different specifications are to be welded, the
tensile strength requirements shall conform to the speci-
fied minimum tensile strength requirements of either of
the base material specifications.

(f) Impact specimens of the weld metal shall be tested
where impact tests are required for either of the base
materials of the production weld. The weld metal shall
conform to the requirements of NG-2330 applicable to
the base material. Where different requifements exist
for the two base materials, the wWeld metal may
conform to either of the two requirements.

NG-2431.2 Standard Test Requirements. In lieu of the
use of the General TestsRequirements specified in
NG-2431.1, tensile and intpact tests may be made in accor-
dance with this subparagraph where they are required for
mild and low alloy(steel covered electrodes. The material
combinations totequire weld material testing, as listed in
NG-2431, shall'apply for this Standard Test Requirements
option. The\limitations and testing under this Standard
Test option shall be in accordance with the following:

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

(b) The test assembly required by SFA-5.1 or SFA-5.5,
as applicable, shall be used for test coupon preparation,
except that it shall be increased in size to obtain the
number of C, specimens and the drop weight test speci-
mens required by NG-2330, where applicable.

(c) The welding of the test coupon shall conform to the
requirements of the SFA Specification for the classification
of electrode being tested. Coupons shall be tested in the as-
welded condition and also in the postweld heat-treated
condition. The postweld heat treatment temperatures
shall be in accordance with Table NG-4622.1-1 for the ap-
plicable P-Number equivalent. The time at postweld heat
treatment temperature shall be 8 hr (this qualifies post-
weld heat treatments of 10 hr or less). Where the postweld
heattreatment of the production weld exceeds 10 hr or the
PWHT temperature is other than that required above, the
general test of NG-2431.1 shall be used.

(d) The tensile and C, 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 NG-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 NG-2431.1(f) shall be applica-
ble to the impact testing of this option.
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Table NG-2432.1-1
Sampling of Welding Materials for Chemical Analysis

Welding All Other
Material GTAW/PAW GMAW Processes
A-No. 8 filler Filler metal or Weld deposit Weld
metal weld deposit deposit
All other filler Filler metal or Filler metal or Weld
metal weld deposit weld deposit deposit

NG-2432 Chemical Analysis Test

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

NG-2432.1 Test Method. The chemical analysis test
shall be performed in accordance with this subparagraph
and Table NG-2432.1-1, and the results shall conform to
NG-2432.2.

(a) A-No.8 welding material to be used with GTAW and
PAW processes and any other welding material to be used
with any GTAW, PAW, or GMAW process shall have chem-
ical analysis performed either on the filler metal or on a
weld deposit made with the filler metal in accordance with
(c) or (d) below.

(b) A-No.8 welding material to be used with other than
the GTAW and PAW processes and other welding material
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 mdterials
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
the Welding Procedure Specification or the welding mate-
rial specification specifies percentage composition limits
for analysis, it shall state that the specified limits apply for
either the filler metal(@nalysis or the undiluted weld
deposit analysis or_for in situ cladding deposit analysis
in conformance Wwith the above required certification
testing.

(c) Theptreparation of samples for chemical analysis of
undiluted ‘weld deposits shall comply with the method
given in the applicable SFA Specification. Where a weld
deposit method is not provided by the SFA Specification,
the sample shall be removed from a weld pad, groove, or
other test weld” made using the welding process that will
be followed when the welding material or combination of
welding materials being certified is consumed. The weld
for A-No. 8 material to be used with the GMAW or EGW
process shall be made using the shielding gas composition
specified in the Welding Procedure Specifications that will
be followed when the material is consumed. The test
sample for ESW shall be removed from the weld metal

of the Mechanical Properties Test coupon. Where a chem-
ical analysis is required for a welding material which does
not have a Mechanical Properties Test requirement, a
chemical analysis test coupon shall be prepared as
required by NG-2431.1(c), except that heat treatment
of the coupon is not required and the weld coupon thick-
ness requirements of NG-2431.1(c) do not apply.

(d) The alternative method provided in (b) aboye\for
the preparation of samples for chemical analysis of
welding material to be used for corrosionsresistant
overlay cladding shall require a test weld mdde in accor-
dance with the essential variables of the Welding Proce-
dure Specification that will be followed when the welding
material is consumed. The test weld shall be made in
conformance with the requirements of Section IX,
QW-214.1. The removal of chemical analysis samples
shall conform with QW-453*for the minimum thickness
for which the Welding Pregedure Specification is qualified.

NG-2432.2 Requirements for Chemical Analysis. The
chemical elements to be determined, the composition re-
quirements of the weld metal, and the recording of results
of the cheniical analysis shall be in accordance with the
following:

(a)~All welding material shall be analyzed for the
elegments listed in Table NG-2432.2-1 and for other
elements specified either in the welding material speci-
fication referenced by the Welding Procedure Specifica-
tion or in the Welding Procedure Specification.

(b) The chemical composition of the weld metal 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 NG-2432.2-1 but not specified in the
welding material specification shall be reported for infor-
mation only.

Table NG-2432.2-1
Welding Material Chemical Analysis

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

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

Chromium and Cr-Ni stainless

material Ti, Cu
Nickel and Ni-alloy materials C,Cr,Mo, Ni,Mn, Si, S,Cb + Ta, Cu, Fe,
Co
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Figure NG-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 ayailable, 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 Diagraim; except that the solidification mode lines have been removed for ease of use.

NG-2433 Delta Ferrite Determination

A determination of delta fextite shall be performed on
A-No. 8 weld material (Section IX, Table QW-442) backing
filler metal (consumable inserts); bare electrode, rod, or
wire filler metal; or weld metal, except that delta ferrite
determinations arenoet required for SFA-5.4, Type 16-8-2,
or A-No. 8 weld\filler metal to be used for weld metal
cladding.

NG-2433.1 Method. Delta ferrite determinations of
welding_material, including consumable insert material,
shall*be made using a magnetic measuring instrument
ahd 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 NG-2432 in conjunction with Figure
NG-2433.1-1.

(a) Calibration of magnetic instruments shall conform
to AWS A4.2.

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

NG-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 NG-2130 or NG-4120.

NG-2440 STORAGE AND HANDLING OF WELDING
MATERIAL

Suitable storage and handling of electrodes, flux, and
other welding material shall be maintained. Precautions
shall be taken to minimize absorption of moisture by
fluxes and cored, fabricated, and coated electrodes.
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NG-2500 EXAMINATION AND REPAIR OF
CORE SUPPORT STRUCTURE
MATERIAL

NG-2510 EXAMINATION OF CORE SUPPORT
STRUCTURE MATERIAL

Material for core support structures shall be examined
by nondestructive methods applicable to the material and
product form as required by the rules of this subarticle.

NG-2520 EXAMINATION AFTER QUENCHING AND
TEMPERING

Ferritic steel products that have their properties
enhanced by quenching and tempering shall be examined
by the methods specified in this subarticle for each
product form after the quenching and tempering phase
of the heat treatment.

NG-2530 EXAMINATION AND REPAIR OF PLATE
NG-2531 Required Examination

All plates for core support structures greater than 7
in. (19 mm) thickness shall be examined by the straight
beam ultrasonic method in accordance with NG-2532.1.

NG-2532 Examination Procedures

NG-2532.1 Straight Beam Examination. The require”
ments for straight beam examination shall be in agcor-
dance with SA-578, as shown in Section V, exceptthat
the extent of examination and the acceptancefstandards
to be applied are given in the following:

(a) Extent of Examination. 100% of,onfe major plate
surface shall be covered by moving<¢the/search unit in
parallel paths with not less than a~x}0% overlap.

(b) Acceptance Standards

(1) Any area where onéZor more imperfections
produce a continuous total less of back reflection accom-
panied by continuous indications on the same plane that
cannot be encompassedwithin a circle whose diameter is
3in. (75 mm) or oneshalf of the plate thickness, whichever
is greater, is unaceeptable.

(2) In addition, two or more imperfections smaller
than descfibed in (1) above shall be unacceptable unless
separated by a minimum distance equal to the greatest
diameter of the larger imperfection, or unless they
may be collectively encompassed by the circle described
in/(1) above.

NG-2532.2 Angle Beam Examination. The require-
ments for angle beam examination shall be in accordance
with SA-577, Specification for Ultrasonic Shear Wave
Inspection of Steel Plates, as shown in Section V, as supple-
mented by this subparagraph. The calibration notch,
extent of examination, and the acceptance standards to
be applied are given in the following:

(a) Calibration. Angle beam examination shall be cali-
brated from a notch.

(b) Extent of Examination. 100% of one major plate
surface shall be covered by moving the search unit in
parallel paths with not less than 10% overlap.

(c) Acceptance Standards. Material which shows one or
more imperfections which produce indications exceeding
in amplitude the indication from the calibration notch.is
unacceptable.

NG-2537 Time of Examination

Acceptance examinations shall be performed at the time
of manufacture as required in the following:

(a) Ultrasonic examination shall be performed after
rolling to size and after heat treatment, except postweld
heat treatment.

(b) Radiographic exanfination of repair welds, when
required, may be perferméd prior to any required post-
weld heat treatment:

(c) Magnetic particle or liquid penetrant examination of
repair welds id ferritic material shall be performed after
final heat treatment, except that the examination may be
performed\prior to postweld heat treatment of P-No. 1
materialh2 in. (50 mm) and less nominal thickness. All
repair-welds in austenitic and nonferrous material may
be\liquid penetrant examined prior to any required post-
weld heat treatment.

NG-2538 Elimination of Surface Defects

Surface defects shall be removed by grinding or
machining, provided the following requirements are met:

(a) The depression, after defect elimination, is blended
uniformly into the surrounding surface with not less than
a 3:1 taper.

(b) After defectelimination, the areais examined by the
magnetic particle method in accordance with NG-2545 or
the liquid penetrant method in accordance with NG-2546
to assure that the defect has been removed or reduced to
an imperfection of an acceptable size.

(c) Areas ground to remove oxide scale or other
mechanically caused impressions for appearance or to
facilitate proper ultrasonic testing need not be examined
by the magnetic particle or liquid penetrant test method.

(d) Ifthe elimination of the defectreduces the thickness
of the section below the minimum required to satisfy the
rules of Article NG-3000, the product shall be repaired in
accordance with NG-2539.

NG-2539 Repair by Welding

Material from which defects have been removed may be
repaired by welding, provided the requirements of the
following subparagraphs are met. Prior approval of the
Certificate Holder shall be obtained for any repair of
plates to be used in the manufacture of core support struc-
tures.
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NG-2539.1 Defect Removal. The defect shall be
removed or reduced to an imperfection of an acceptable
size by suitable mechanical or thermal cutting or gouging
methods and the cavity prepared for repair (NG-4211.1).

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

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

NG-2539.4 Examination of Repair Welds. Each repair
weld shall be examined by the magnetic particle method
(NG-2545) or by the liquid penetrant method (NG-2546).
In addition, when the depth of the repair cavity exceeds
thelesser of % in. (10 mm) or 10% of the section thickness,
the repair weld shall be radiographed in accordance with
Article NG-5000 and to the acceptance standards of
NG-5320 or shall be ultrasonically examined after
repair in accordance with NG-2532.2 or NG-2532.1.

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

NG-2539.6 Material Report Describing Defects and
Repairs. Each defect repair exceeding in depth the
lesser of % in. (10 mm) or 10% of the section thickness
and, in addition, all repair welds exceeding an accumus;
lated area of 20% of the area of the part or 15 in.2
(9700 mm?), whichever is less, shall be described’in
the Certified Material Test Report. The Certified Material
Test Report for each piece shall include a chart which
shows the location and size of the prepared cavity, the
welding material identification, the weldifig procedure,
the heat treatment, and the examinatien'results, including
radiographs.

NG-2540 EXAMINATION AND REPAIR OF
FORGINGS AND;BARS

NG-2541 Required Examinations

(a) Forgings andbars except as noted in NG-2551 shall
be examined by-the ultrasonic method in accordance with
NG-2542, except that forgings or sections of forgings
which have, coarse grains or configurations which do
not yi€ldymeaningful examination results by ultrasonic
methods shall be examined by radiographic methods
in agccordance with Section V, Article 2, and the acceptance
standards of NG-5320. In addition, selected surfaces, as
designated by the Certificate Holder, shall be liquid pene-
trant examined in accordance with NG-2546 or magnetic
particle examined in accordance with NG-2545.

(b) Forged flanges and fittings, such as elbows, tees,
and couplings, shall be examined in accordance with
the requirements of NG-2550.

(c) Bar material used for threaded structural fasteners
shall be examined in accordance with NG-2580.

NG-2542 Ultrasonic Examination

NG-2542.1 Examination Procedure. All forgings in the
rough forged or finished condition, and bars, shall be
examined in accordance with one of the following speci-
fications: SA-745, Standard Practice for Ultrasonic Exam-
ination of Austenitic Steel Forgings; or SA-388,
Recommended Practice for Ultrasonic Testing and Inspec-
tion of Heavy Steel Forgings, as shown in Section:V;Article
23. Contact, immersion, or water column-coupling is
permissible. The following techniques are reéquired, as ap-
plicable:

(a) Allforgings and bars shall be examined by the ultra-
sonic method using the straight/beam technique.

(b) Ring forgings and othet hollow forgings shall, in
addition, be examined using'the angle beam technique
in two circumferential _directions, unless wall thickness
or geometric configuration makes angle beam examina-
tion impractical.

(c) Forgings may be examined by the use of alternative
ultrasonic methods which utilize distance amplitude
corrections’provided the acceptance standards are
shown o,be equivalent to those listed in NG-2542.2.

NG-2542.2 Acceptance Standards.

(a) Straight Beam General Rule. A forging shall be un-
acceptable if the results of straight beam examinations
show one or more reflectors which produce indications
accompanied by a complete loss of back reflection not
associated with or attributable to geometric configura-
tions. Complete loss of back reflection is assumed
when the back reflection falls below 5% of full calibration
screen height.

(b) Angle Beam Rule. A forging shall be unacceptable if
the results of angle beam examinations show one or more
reflectors which produce indications exceeding in ampli-
tude the indication from the appropriate calibration
notches.

NG-2545 Magnetic Particle Examination

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

NG-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.
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(b) Any indication in excess of the NG-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.

NG-2545.3 Acceptance Standards.

(a) Only imperfections producing indications with
major dimensions greater than Y4 in. (1.5 mm) shall
be considered relevant imperfections.

(b) Imperfections producing the following relevant
indications are unacceptable:

(1) any linear indications greater than % in. (1.5
mm) long for material less than % in. (16 mm) thick,
greater than % in. (3 mm) long for material from %
in. (16 mm) thick to under 2 in. (50 mm) thick, and
%6 in. (5 mm) long for material 2 in. (50 mm) thick
and greater

(2) rounded indications with dimensions greater
than % in. (3 mm) for thicknesses less than % in. (16
mm) and greater than % in. (5 mm) for thicknesses
% in. (16 mm) and greater

(3) four or more relevant indications in a litie-Sepa-
rated by Y in. (1.5 mm) or less edge to edgé

(4) ten or more relevant indications,in"any 6 in.?
(4000 mm?) of area whose major_dimension is no
more than 6 in. (150 mm) with the‘dimensions taken
in the most unfavorable location relative to the indications
being evaluated

NG-2546 Liquid Penetrant Examination

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

NG-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 NG-2546.3 accep-
tance standards 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.

NG-2546.3 Acceptance Standards.

(a) Only imperfections producing indications with
major dimensions greater than Y4 in, (1.5 mm) shall
be considered relevant imperfections.

(b) Imperfections producing the,following relevant
indications are unacceptable:

(1) any linear indication¥.greater than % in. (1.5
mm) long for material less than % in. (16 mm) thick,
greater than % in. (3_inn) long for material from %
in. (16 mm) thick te-under 2 in. (50 mm) thick, and
%16 in. (5 mm) long for materials 2 in. (50 mm) thick
and greater

(2) rounded indications with dimensions greater
than % i (3 mm) for thicknesses less than % in. (16
mm) and -greater than % in. (5 mm) for thicknesses
% in., (16 mm) and greater

{3) four or more relevant indications in a line sepa-
rated by Y in. (1.6 mm) or less edge to edge

(4) ten or more relevant indications in any 6 in.?
(4000 mm?) of area whose major dimension is no
more than 6 in. (150 mm) with the dimensions taken
inthe most unfavorable location relative to the indications
being evaluated

NG-2547 Time of Examination

Acceptance examinations, including those for repair
welds, shall be performed at the time of manufacture
as required in the following:

(a) Ultrasonic examination may be performed at any
time after forging, and the maximum practical volume
shall be examined after final heat treatment, excluding
postweld heat treatment.

(b) Radiographic examination of repair welds, if
required, may be performed prior to any required post-
weld heat treatment.

NG-2548 Elimination of Surface Defects

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

NG-2549 Repair by Welding

Repair by welding shall be in accordance with NG-2539,
except that

(a) the depth of repair that is permitted is not limited,
and
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(b) for ferritic steel forgings, the completed repair may
be examined by the ultrasonic methods in accordance with
the requirements of NG-2542 in lieu of radiography.

NG-2550 EXAMINATION AND REPAIR OF
SEAMLESS AND WELDED TUBULAR
PRODUCTS AND FITTINGS

NG-2551 Required Examination

(a) The examination performed shall be practical and
yield meaningful pertinent information for the product
form being examined. Certain examination methods
are ineffective for some material conditions and
product configuration. Some examples are

(1) it may not be practical or meaningful to examine
irregular shapes such as welding flanges and fittings by
ultrasonic methods

(2) ultrasonic examination employing special tech-
niques is required on coarse-grained austenitic stainless
steel or coarse-grained, nickel-base alloy materials

(b) Welded tubular products and fittings, including
flanges and fittings, made from plate material greater
than ¥, in. (19 mm) in thickness shall be ultrasonically
or radiographically examined in accordance with
NG-2552 or NG-2553.

(c) All welds in welded tubular products and fittings,
including flanges and fittings, shall be ultrasonically or
radiographically examined in accordance with NG-2552
or NG-2553. In addition, all welds shall be magnetic
particle or liquid penetrant examined on all accessibte
surfaces in accordance with NG-2555 or NG-2556.

(d) Wrought seamless tubular products and fittings,
including flanges and fittings machined fromi, forgings
and bars, greater than % in. (10 mm) thickness shall
be ultrasonically or radiographically examined in accor-
dance with NG-2552 or NG-2553.

NG-2552 Ultrasonic Examination

NG-2552.1 Examination Procedure. The procedure for
ultrasonic examination shall’provide a sensitivity which
will consistently detect defects that produce indications
equal to and greater than'the indication produced by stan-
dard defects includedin the reference specimen specified
in NG-2552.2. Preducts with defects that produce indica-
tions in excess of the indications produced by the standard
defects in\the reference specimens are unacceptable
unless(the defects are eliminated or repaired in accor-
dancée with NG-2558 or NG-2559, as applicable.

NG-2552.2 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. The standard defects
shall be axial notches or grooves on the outside and

the inside surfaces of the reference specimen and shall
have a length of approximately 1 in. (25 mm) or less, a
width not to exceed % in. (1.5 mm), and a depth not
greater than the larger of 0.004 in. (0.10 mm) or 5%
of the nominal wall thickness. The reference specimen
may be the product being examined.

(b) The reference specimen shall be long enough to
simulate the handling of the product being examined
through the examination equipment. When more than
one standard defect is placed in a reference speciméen,
the defects shall be located so that indicatieis from
each defectare separate and distinct without mattal inter-
ference or amplification.

NG-2552.3 Checking and Calibration of Equipment.
The proper functioning of the exaniination equipment
shall be checked and the equiptient 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\of less during the production run

(c) at the end of the production run

(d) at any timie~that malfunctioning is suspected

If during anjncheck it is determined that the testing equip-
mentis not functioning properly, all of the product that has
been tested since the last valid equipment calibration shall
bedeexamined.

NG-2553 Radiographic Examination

The radiographic examination shall be performed in
accordance with Section V, Article 2, as modified by
NG-5111, using the acceptance requirements of NG-5320.

NG-2555 Magnetic Particle Examination

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

NG-2556 Liquid Penetrant Examination

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

NG-2557 Time of Examination

Time of acceptance examination, including that of
repair welds, shall be in accordance with NG-2537.

NG-2558 Elimination of Surface Defects

Surface defects shall be removed by grinding or
machining provided the following requirements are met:

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

(b) After defect elimination, the area is reexamined by
the method which originally disclosed the defect to assure
that the defect has been removed or reduced to an imper-
fection of acceptable size.
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(c) Iftheelimination of the defect reduces the thickness
of the section below the minimum required to satisfy the
rules of Article NG-3000, the product shall be repaired in
accordance with NG-2559.

NG-2559 Repair by Welding

Repair welding of base material defects shall be in
accordance with NG-2539. Repair welding of seam
defects shall be made in accordance with NG-4450.

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

NG-2571 Required Examinations

NG-2571.1 General Requirements. The portion of cast-
ings, as specified by the Design Specifications or drawings,
used for core support structures shall be examined over
the maximum feasible volume by radiographic methods,
or ultrasonic methods, or a combination of both methods.
Castings or sections of castings which have coarse grains
or configurations which do not yield meaningful exami-
nation results by ultrasonic methods shall be examined by
radiographic methods. In addition, the portion of castings
used for core support structures shall be examined on
accessible surfaces by either magnetic particle or
liquid penetrant methods. Accessible machined surfaces,
except threaded surfaces, of a cast product shall be exani-
ined by either liquid penetrant or magnetic particle
methods after machining.

NG-2571.2 Alternative General Requirements. The
portion of castings 2 in. (50 mm) thick and ‘less, which
are specified by the Design Specificationhs or drawings
to be used for core support structures, may be utilized
when the following requirements are met:

(a) The design stress intensity’values in Section I, Part
D, Subpart 1, Tables 2A and 2B'are reduced by applying a
quality factor of 0.75.

(b) A fatigue strength-reduction factor of 2.0 is applied
to the allowable S, values when peak stresses are consid-
ered.

(c) The portions’of castings used as core support struc-
tures are magnetic particle or liquid penetrant examined
per NG-2575"or NG-2576 on all accessible as-cast or, if
machined, machine-finished surfaces. The acceptance
critéria ‘of NG-2575 or NG-2576 shall be utilized except
that-no linear indications greater than % in. (1.5 mm)
are permitted.

(d) Five pilot castings'® made from a new or altered
design of a production run'! shall be radiographically
examined over the maximum feasible volume to the re-
quirements of NG-2573.1. If all five pilot castings meet the
radiographic acceptance criteria, a production run may be
poured. The production run shall be examined using either
ofthe sampling plans specified in (1) or (2) below. The five

pilot castings, having passed examination, are not to be
included in the following sampling examination programs:

(1) The production run shall be considered a single
lot. Twenty castings shall be randomly selected from the
production run and examined to the requirements of the
pilot castings. The production run is accepted if all 20 cast-
ings meet the examination requirements and it is rejected
ifany one of the 20 castings does not meet the examination
requirements. Acceptable castings may be retrieved ffom
a rejected production run by examining all castings from
that production run.

(2) The production run castings shall; in order of
manufacture, be grouped into sublots.with a maximum
of 25 castings each. Five castings shall be randomly
selected from each sublot and examined to the require-
ments of the pilot castings. Thésublot is accepted if all five
castings meet the examination requirements and it is
rejected if any one of theAfive castings does not meet
the examination requirements. In the event two
sublots are rejected by the sampling examination,
succeeding sublots-shall have eight castings randomly
selected for‘exdmination to the requirements of the
pilot castings. In any event, acceptable castings may be
retrievéd from a rejected sublot by examining all castings
from that sublot.

NG-2572 Ultrasonic Examination of Castings

The requirements for ultrasonic examination of stati-
cally and centrifugally cast products are given in the
following subparagraphs.

NG-2572.1 Straight Beam Method. When castings are
to be examined ultrasonically, all sections, regardless of
thickness, shall be examined in accordance with SA-609,
Standard Method and Specification for Longitudinal Beam
Ultrasonic Inspection of Carbon and Low Alloy Castings, as
shown in Section V; however, supplementary angle beam
examination in accordance with NG-2572.2 or radio-
graphic examination in accordance with NG-2573 shall
be performed in areas where a back reflection cannot
be maintained during the straight beam examination,
or where the angle between the two surfaces of the
casting is more than 15 deg.

NG-2572.2 Angle Beam Method. Examination shall be
conducted in accordance with Section V, Article 5, T-571.4,
except that the acceptance standards in Section V do not

apply.
NG-2572.3 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 thicknessesupto 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)
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(b) Inaddition to the Quality Level requirements stated
in (a), the requirements in (1) through (5) shall apply for
both straight beam and angle beam examination.

(1) Area imperfections producing indications
exceeding the Amplitude Reference Line with any dimen-
sionlonger than those specified in the following tabulation
are unacceptable:

Longest Dimension of Area

UT Quality Level [Notes (1)-(3)]

1 1.5 in. (38 mm)
2 2.0 in. (50 mm)
3 2.5 in. (64 mm)
4 3.0 in. (75 mm)

NOTES:

(1) The areas for the Ultrasonic Quality Levels in SA-609 as
shown in Section V refer to the surface area on the
casting over which a continuous indication exceeding the
transfer-corrected distance-amplitude curve is maintained.
Areas are to be measured from dimensions of the movement
of the search unit, using the center of the search unit as the
reference point.

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 consid-
erably larger or smaller than the actual area of the discon-
tinuity 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 discon-
tinuity.

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

(3) Imperfections indicated to havea~change in
depth equal to or greater than one-half the{wall thickness
or 1 in., whichever is less, are unacceptable.

(4) Two or more imperfections<in’ the same plane
with indication amplitudes exceéding the Amplitude
Reference Line and separated by a distance less than
the longest dimension of the larger of the adjacent imper-
fections are unacceptable ifithey cannot be encompassed
within an area less thanrthat of the Quality Level specified
in (1) above.

(5) Two or(more imperfections greater than
permitted fof Quality Level 1 for castings less than
2 in. (50 mm) in thickness, greater than permitted for
Quality Eevel 2 for thickness 2 in. through 4 in. (50
mm ,£0.100 mm), and greater than permitted for
Quality Level 3 for thickness greater than 4 in. (100
mim), separated by a distance less than the longest dimen-
sion of the larger of the adjacent imperfections, are un-
acceptable if they cannot be encompassed in an area less
than that of the Quality Level requirements stated in (a)
above.

(2

3

NG-2573 Radiographic Examination

NG-2573.1 Extent, Methods, and Acceptance Stan-
dards. Radiographic examination, where required, shall
be performed on castings used for core support structures.
The radiographic methods shall be in accordance with
ASTM E94, Recommended Practice for Radiographic
Testing, and ASTM E142, Controlling Quality of Radio-
graphic Testing, and shall meet the acceptance require=
ments of Severity Level 3 for Category A and B defects
and Severity Level 2 for Category C defects ofSASTM
E446,'* Reference Radiographs for Steel Castitigs Up
To 2 in. (50 mm) In Thickness, ASTM E186,? Reference
Radiographs for Heavy-Walled [2 to 4% in. (50 mm to 114
mm)] Steel Castings, or ASTM E280,"*Réference Radio-
graphs for Heavy-Walled [4% to ¥2n. (114 mm to 300
mm)] Steel Castings, as applicable’for the thickness being
radiographed, except that Catégory D, E, F, or G defects are
not acceptable. ASTM E280+%shall also apply for castings
over 12 in. (300 mm) inthickness.

NG-2573.2 Examination Requirements. Radiographic
examination shall*be performed in accordance with
Section V, Artigle 2, Mandatory Appendix VII Radiographic
Examinationof Metallic Castings, with the following modi-
fications:

(a) The geometric unsharpnesslimitations of Section V,
Article 2, T-274.2 need not be met.

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

(1) type and thickness of filters, if used

(2) for multiple film 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) Thelocation oflocation markers (e.g.,lead numbers
or letters) shall be permanently stamped on the surface of
the casting in a manner permitting 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 NG-2573.1 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.

NG-2575 Magnetic Particle Examination

The magnetic particle examination, when required,
shall be performed in accordance with the requirements
of NG-2545.

NG-2576 Liquid Penetrant Examination

The liquid penetrant examination, when required, shall
be performed in accordance with the requirements of
NG-2546.
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NG-2577 Time of Examination

Acceptance examinations, including those for weld
repairs, shall be performed as stipulated in the following
subparagraphs.

NG-2577.1 Ultrasonic Examination. Ultrasonic exami-
nation, if required, shall be performed at the stage of
manufacture as required for radiography.

NG-2577.2 Radiographic Examination.

(a) Radiography shall be performed after final heat
treatment as required by the material specification,
except radiography may be performed prior to postweld
heat treatment. The examination shall be performed at the
stage of manufacture defined in this subparagraph.

(b) Castings prior to finish machining shall be radio-
graphed at the limiting thicknesses stipulated in the
following:

(1) For thicknesses less than 2 in. (50 mm), castings
shall be radiographed within 50% of the finished thick-
ness. The image quality indicator (IQI) shall be based on
the final thickness.

(2) For thicknesses less than 6 in. (150 mm) but
greater than 2 in. (50 mm), castings shall be radiographed
within 20% of the finished thickness. The IQI shall be
based on the final thickness.

(3) For thicknesses 6 in. (150 mm) and greater, cast-
ings shall be radiographed within 10% of the finished
thickness. The IQI shall be based on the final thicknéssv

(4) Where casting practices for core support/stiruc-
ture sections require thickness to exceed the finished
machined thickness limits of (2) and (3) abeve, radio-
graphy of the as-cast thickness is acceptable provided
the acceptance reference radiographs.of the next lesser
thickness are met in those areas; eg., if the section
being radiographed exceeds 4'%4Nn. (114 mm), use
ASTM E186'? reference radiographs. The IQI shall be
based on the thickness of the:Section being radiographed.

NG-2577.3 Magnetic Patrticle or Liquid Penetrant Ex-
amination. Magnetic patticle or liquid penetrant exami-
nation shall be performed after the final heat treatment
required by the material specification. Repair weld areas
shall be examined after postweld heat treatment when a
postweld heat treatment is performed, except that repair
welds in'P-No. 1 material, 2 in. (50 mm) nominal thickness
and dess, may be examined prior to postweld heat treat-
ment. For cast products with machined surfaces, all acces-
sible finished machined surfaces, except threaded
surfaces, shall also be examined by magnetic particle
or liquid penetrant methods.

NG-2578 Elimination of Surface Defects

Elimination of surface defects shall be in accordance
with NG-2538.

NG-2579 Repair by Welding

The Material Organization may repair castings by
welding after removing the material containing defects.
The depth of the repair is not limited. A cored hole or
access hole may be closed by the Material Organization
by welding in accordance with the requirements of
this paragraph, provided the hole is closed by filler
metal only. If the hole is closed by welding in a metal
insert, the welding shall be in accordance with the require-
ments of Article NG-4000 by a Certificate of Authorization
Holder.

NG-2579.1 Defect Removal. The defect shall be
removed or reduced to an imperfection of an 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.

NG-2579.2 Qualification of Welding Procedures and
Welders. The welding procedure and welders or
welding operatoys shall be qualified in accordance with
Article NG-4000 and Section IX.

NG-2579.3 Blending of Repaired Areas. After welding,
the-surface shall be blended uniformly into the
surreunding surface.

NG-2579.4 Examination of Repair Welds. Each repair
weld shall be examined by the magnetic particle method
(NG-2545) or by the liquid penetrant method (NG-2546).
In addition, repair welds in cavities the depth of which
exceeds the lesser of % in. (10 mm) or 10% of the
section thickness shall be radiographed in accordance
with NG-2573. The radiographic method and acceptance
standards of NG-2573 shall apply except that weld slag,
including elongated slag, shall be considered as inclusions
under Category B of the applicable reference radiographs.
The total area of all inclusions, including slag inclusions,
shall not exceed the limits of the applicable severity level
of Category B of the reference radiographs.

NG-2579.5 Heat Treatment After Weld Repair. After
repair, the casting shall be heat-treated in accordance
with NG-4620, except that the heating and cooling limita-
tions of NG-4623 do not apply.

NG-2579.6 Material Report Describing Defects and
Repairs. Each repair weld exceeding in depth either %
in. (10 mm) or 10% of the section thickness shall be
described in the Certified Material Test Report. The Certi-
fied Material Test Report shall include a chart for each
repaired casting which shows the location and size of
the repaired cavity, the welding material identification,
the welding procedure, the heat treatment, and the exam-
ination results, including radiographs.
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NG-2580 EXAMINATION OF THREADED
STRUCTURAL FASTENERS

NG-2581 Required Examinations

Threaded structural fasteners shall be visually exam-
ined in accordance with NG-2582. In addition, externally
threaded structural fasteners ¥ in. (10 mm) and greater
and nuts greater than 1 in. (25 mm) shall be examined by
either the magnetic particle or liquid penetrant method in
accordance with NG-2583. In addition, nominal sizes
greater than 4 in. (13 mm) but not over 4 in. (100
mm) shall be examined by ultrasonic methods in accor-
dance with NG-2584, and nominal sizes greater than 4 in.
(100 mm) shall be examined by ultrasonic methods in
accordance with both NG-2584 and NG-2585.

NG-2582 Visual Examination

The final surfaces of threads, shanks, and heads of exter-
nally threaded structural fasteners less than %4
in. (10 mm) and nuts 1 in. (25 mm) and smaller shall
be visually examined for workmanship, finish, and appear-
ance in accordance with the requirements of ASTM F788
for threaded structural fasteners and ASTM F812 for nuts
prior to plating or other surface protection-type treat-
ments. The visual examination personnel shall be
trained and qualified in accordance with the Material Or-
ganization’s Quality System Program or the Certificate
Holder’s Quality Assurance Program. These examinations
are not required to be performed either in accordance
with procedures qualified to NG-5100 or by personnel
qualified in accordance with NG-5500.

NG-2583 Magnetic Particle or Liquid Penetrant
Examination

Externally threaded structural fasteners % in. (10 mm)
and greater and nuts greater than 1 in.'(25 mm) shall be
examined by a magnetic particleméthod (NG-2545) or a
liquid penetrant method (NG-2546). Such examination
shall be performed on the finished threaded structural
fastener after threading.and prior to plating or other
surface protection typetreatments. On threaded surfaces
no relevant indications are permitted. Relevant indica-
tions include anylinéar indications or rounded indications
greater than %¢in. (1.5 mm). Indications, caused by a
particularymanufacturing method, that may appear to
be relevant, such as the crest of rolled threads or root
of cut threads, may be shown to be nonrelevant and ac-
ceptable by prior process qualification or destructive
metallographic examination. On all other accessible
surfaces, no linear indications or rounded indications
greater than ¢ in. (1.5 mm) are permitted, except
that linear axial indications less than one diameter or
1 in. (25 mm) in length are permitted.

NG-2584 Ultrasonic Examination for Sizes Greater
Than % in. (13 mm)

All threaded structural fasteners greater than %,
in. (13 mm) nominal bolt size shall be ultrasonically exam-
ined over the entire cylindrical surface prior to threading,
in accordance with the requirements of the following
subparagraphs.

NG-2584.1 Ultrasonic Method. Examination shall’be
carried out by the straight beam, radial scan method.

NG-2584.2 Examination Procedure. Examindtion shall
be performed at a nominal frequency of 2,25MHz unless
variables such as production material grain structure
require the use of other frequencies to-ehsure adequate
penetration or better resolution. Th&’search unitarea shall
not exceed 1 in.? (650 mm?).

NG-2584.3 Calibration ‘of“Equipment. Calibration
sensitivity shall be estdblished by adjustment of the
instrument so that the/first back reflection is 75% to
90% of full screen‘height.

NG-2584.4 Acceptance Standards. Any imperfection
which causes an indication in excess of 20% of the
height of ‘the’ first back reflection or any imperfection
which prévents the production of a first back reflection
of 50% of the calibration amplitude is not acceptable.

NG-2585 Ultrasonic Examination for Sizes Over 4
in. (100 mm)

In addition to the requirements of NG-2584, all
threaded structural fasteners over 4 in. (100 mm) shall
be ultrasonically examined over the entire surface of
each end before or after threading in accordance with
the requirements of the following subparagraphs.

NG-2585.1 Ultrasonic Method. Examination shall be
carried out by the straight beam, longitudinal mode
scan method.

NG-2585.2 Examination Procedure. Examination shall
be performed at a nominal frequency of 2.25 MHz unless
variables such as production material grain structure
require the use of other frequencies to ensure adequate
penetration or better resolution. The search unit shall
have a circular cross section with a diameter not less
than % in. (13 mm) nor greater than 1% in. (29 mm).

NG-2585.3 Calibration of Equipment. Calibration shall
be established on a test bar of the same nominal composi-
tion and diameter as the production part and a minimum
of one-half of the length. A% in. (10 mm) diameter x 3 in.
(75 mm) deep flat bottom hole shall be drilled in one end of
the bar and plugged to full depth. A distance-amplitude
correction curve shall be established by scanning from
both ends of the test bar.

(21)
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NG-2585.4 Acceptance Standards. Any imperfection
which causes an indication in excess of 50% of that
produced by the calibration hole in the reference
specimen, as corrected by the distance-amplitude correc-
tion curve, is not acceptable.

NG-2586 Elimination of Surface Defects

Surface defects may be eliminated by grinding or
machining, provided the final dimension of the affected
portion meets the requirements of the design and the
area is reexamined by the magnetic particle or liquid pene-
trant method in accordance with NG-2583.

NG-2600 MATERIAL ORGANIZATIONS’
QUALITY SYSTEM PROGRAMS

NG-2610 DOCUMENTATION AND MAINTENANCE
OF QUALITY SYSTEM PROGRAMS

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

(b) The requirements of NCA-3862 shall be met as
required by NG-2130. The other requirements of
NCA-3800 and NCA-4200 need not be used by Material
Organizations for small products, as defined in (c), and
for material which is allowed by this Subsection to be fur-
nished 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.accor-
dance with the material specification and withthé& appli-
cable special requirements of this Subsection)

(c) For the purpose of this paragraph, Small products
are defined as given in the following:

(1) pipe, tube (except heat exchanger tube), pipe
fittings, and flanges 2 in. nominal pipe size (DN 50)
and less

(2) threaded structuralfastener material, including
studs and nuts of 1 in. (26 fnfn) nominal diameter and less

(3) bars with a rominal cross-sectional area of 1 in.?
(650 mm?) and less
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ARTICLE NG-3000
DESIGN

NG-3100 GENERAL DESIGN

NG-3110 LOADING CRITERIA
NG-3111 Loading Conditions

The loadings that shall be taken into account in
designing core support structures include, but are not
limited to, those in the following:

(a) pressure differences due to coolant flow

(b) weight of the core support structure

(c) superimposed loads such as those due to other
structures, the reactor core, steam separating equipment,
flow distributors and baffles, thermal shields, and safety
equipment

(d) earthquake loads or other loads which result from
motion of the reactor vessel

(e) reactions from supports, restraints, or both

(f) loads due to temperature effects, thermal gradients
and differential expansion, or both

(g) loads resulting from the impingement or flow ef
reactor coolant, or other contained or surrounding fluids

(h) transient pressure difference loads, such as*those
which result from rupture of the main coolant pipe

(i) vibratory loads

(j) loads resulting from the operationtef machinery,
such as snubbing of control rods

(k) handling loads experienced in“preparation for or
during refueling or in-service inspection

NG-3112 Design Loadings

The Design Loadings-are the pressure differences,
temperatures, and various forces applicable to the
design of core support structures as defined in the
following subparagraphs.

NG-3112.1' Design Pressure Difference.

(a) Thespecified internal and external Design Pressure
Difference shall be established in accordance with NCA-
2142.1(a). It shall be used in the computations made to
show compliance with the stress intensity limits of
NG-3221, NG-3227.1, NG-3227.2, NG-3227.4,
NG-3228.1, NG-3228.2, and NG-3231. The actual
service pressure difference at the appropriate time
shall be used in the computations made to show compli-
ance with the stress intensity limits of NG-3222,
NG-3228.3, and NG-3232. When the occurrence of

different pressure differences during service(can be
predicted for different zones of a structure, the Design
Pressure Difference of the different zoliés may be
based on their predicted pressure difference.

(b) The Design Pressure Difference shall include allow-
ances for pressure difference surges.

NG-3112.2 Design Temperature. The Design Tempera-
ture shall be established in accordance with
NCA-2142.1(b). It shall betised in computations involving
the Design Pressure Difference and coincidental Design
Mechanical Loads(The actual metal temperature at the
point under consideration shall be used in all computa-
tions where the, use of the actual service pressure differ-
ence is requiréed.

(a) All temperatures referred to in this Article are the
metaltemperatures expressed in degrees Fahrenheit (°F)
[degrees Celsius (°C)].

(b) Whereacore supportstructure is heated by tracing,
induction coils, jacketing, or internal heat generation, the
effect of such heating shall be incorporated in the estab-
lishment of the Design Temperature.

NG-3112.3 Design Mechanical Loads. The specific
combinations and values of mechanical loadings which
must be considered in conjunction with the Design Pres-
sure Difference and Design Temperature in evaluating the
requirements of NG-3221.1 and NG-3221.2 shall be those
identified in the Design Specifications (NCA-3250) and
designated as the Design Mechanical Loads in accordance
with NCA-2142.1(c). The actual mechanical loads at the
appropriate time shall be used in the computations made
to show compliance with the stress intensity limits of
NG-3222.2 and NG-3222.4. The following requirements
shall also apply:

(a) Impact forces caused by either external or internal
conditions shall be considered.

(b) The effects of earthquake shall be considered in the
design of core support structures. The loadings, move-
ments, and number of cycles to be used in the analysis
shall be part of the Design Specifications. The stresses
resulting from these earthquake effects shall be included
with pressure differences or other applied loads.

(c) Core support structures shall be arranged and
supported so that vibration will be minimized.
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NG-3112.4 Design Stress Intensity Values. Design
stress intensity values for materials are listed in
Section II, Part D, Subpart 1, Tables 2A and 2B. The mate-
rial shall not be used at metal temperatures and Design
Temperatures that exceed the temperature limit in the
applicability column for which stress intensity values
are listed. The values in the Table may be interpolated
for intermediate temperatures.

NG-3113 Service Loadings

Each loading to which the structure may be subjected
shall be classified in accordance with NCA-2142 and
Service Limits [NCA-2142.4(b)] designated in the
Design Specifications in such detail as will provide a
complete basis for design, construction, and inspection
in accordance with these rules.

NG-3120 SPECIAL CONSIDERATIONS
NG-3121 Corrosion

Material subject to thinning by corrosion, erosion,
mechanical abrasion, or other environmental effects
shall have provision made for these effects during the
design or specified life of the structure by a suitable
increase in or addition to the thickness of the base
metal over that determined by the design equations. Mate-
rial added or included for these purposes need not be of
the same thickness for all areas of the structure if different
rates of attack are expected for the various areas. It should
be noted that the tests on which the design fatigue curves
(Section 11l Appendices, Mandatory Appendix I) are-based
did not include tests in the presence of corrosive.environ-
ments which might accelerate fatigue failire.

NG-3122 Cladding

The rules of this paragraph apply.to the design analysis
of clad structures constructed’of material permitted in
Section II, Part D, Subpart %,"Tables 2A and 2B.

NG-3122.1 Primary Stresses. No structural strength
shall be attributed\to the cladding in satisfying
NG-3221.1 and NG-3221.3.

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

(a) Forstructures subjected to internal pressure differ-
ence;.the inside diameter shall be taken at the nominal
infer face of the cladding.

[b) For structures subjected to external pressure
difference, the outside diameter shall be taken at the
outer face of the base metal.

NG-3122.3 Secondary and Peak Stresses. In satisfying
NG-3222.2 and NG-3222.4(b), the presence of the cladding
shall be considered with respect to both the thermal
analysis and the stress analysis. The stresses in both mate-
rials shall be limited to the values specified in NG-3222.2

and NG-3222.4(b). However, when the cladding is of the
integrally bonded type and the nominal thickness of the
cladding is 10% or less of the total thickness of the struc-
ture, the presence of the cladding may be neglected.

NG-3122.4 Bearing Stresses. In satisfying NG-3227.1,
the presence of cladding shall be included.

NG-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 in order to avoid difficulties\in service.

NG-3124 Environmental Effects

Changes in material properties may occur due to envi-
ronmental effects. In particular, fast (>1 MeV) neutron
irradiation above a certain“level may result in significant
increase in the brittléfracture transition temperature and
deterioration in they'ésistance to fracture at temperatures
above the tramSition range (upper shelf energy). There-
fore, structutal discontinuities in ferritic structures
should preferably not be placed in regions of high
neutron\flux.

NG-3130 GENERAL DESIGN RULES
NG-3131 Scope

Design rules generally applicable to core support struc-
tures are provided in the following paragraphs.

NG-3132 Reinforcement for Openings

The rules for reinforcing applicable to Class 1 vessels
and piping may be used in the design of core support struc-
tures if stipulated in the Design Specifications.

NG-3133 External Pressure Difference

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

NG-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 D,/T values less than 10,
see NG-3133.3(b). Also, factor determined from
the applicable chart in Section II, Part D,
Subpart 3 for the material used in a stiffening
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ring, corresponding to the factor B and the design
metal temperature for the shell under considera-
tion.

cross-sectional area of a stiffening ring

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

outside diameter of the cylindrical shell course or
tube under consideration

modulus of elasticity of material at Design
Temperature (for this value, see Section II, Part
D, Subpart 2, Table TM). Use the curve with
this value on the material/temperature line of
the applicable chart in Section II, Part D,
Subpart 3.

available moment of inertia of the combined ring-
shell section about its neutral axis, parallel to the
axis of the shell, in.* (mm*). The width of the shell
which is taken as contributing to the combined
moment of inertia shall not be greater than

1.10 /D, / T,, 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.

required moment of inertia of the combined ring-
shell section about its neutral axis parallel to the
axis of the shell

total length of a tube between tubesheets, or the
design length of a cylindrical 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.-hgead, all measured parallel to
the axis of the cylinder, in. (mm)
one-half of thexdistance 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) acircumferential line on a head at one-third
the depth of the head from the head tangent line or

(c) acircumferential connection to ajacket for a
jacketed section of a cylindrical shell
external design pressure (gage or absolute, as
required)

P, = allowable external pressure (gage or absolute, as
required)
R = inside radius of spherical shell
S = thelesser of 1.5 times the stress intensity at design
metal temperature from Section II, Part D, Subpart
1, Tables 2A and 2B or 0.9 times the tabulated yield
strength at design metal temperature from Section
II, Part D, Subpart 1, Table Y-1
T = minimum required thickness of cylindrical shell.or
tube, or spherical shell
T,, = nominal thickness used, less corrosion allowance,

of a cylindrical shell or tube

NG-3133.3 Cylindrical Shells and Tubular Products.

(a) The minimum thickness of cylindrical shells or
tubular products under externa) pressure difference
having D,/T values equal to¢or greater than 10 shall
be determined by the, ptoecedure given in Steps 1
through 8.

Step 1. Assume a\value for T. Determine the ratios
L/D, and D,/T.

Step 2. EnterSection I, Part D, Subpart 3, Figure G at
the value of-L /D, determined in Step 1. For values of L/D,,
greater than'b0, enter the chartatavalue of L/D, of 50. For
values,of L/D, less than 0.05, enter the chart at a value of
L/Dyof 0.05.

Step 3. Move horizontally to the line for the value of
D,/ T determined in Step 1. Interpolation may be made for
intermediate values of D,/T. From this intersection move
vertically downwards and read the value of factor A.

Step 4. Using the value of A calculated in Step 3, enter
the applicable material chartin Section II, Part D, Subpart 3
for the material /temperature under consideration. Move
vertically to an intersection with the material/tempera-
ture line for the Design Temperature. Interpolation may
be made between lines for intermediate temperatures. In
cases where the value of 4 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 line, see Step 7.

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

Step 6. Using this value of B, calculate the maximum
allowable pressure difference P, by the following equa-
tion:

4B

3(Dy/T)

P, =

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

2AE

3(Dy/T)

P, =
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Step 8. Compare P, with P. If P, is smaller than P,
selectalarger value for T and repeat the design procedure
until a value for P, is obtained that is equal to or greater
than P.

(b) The minimum thickness of cylindrical shells or
tubular products under external pressure difference
having D,/T values less than 10 shall be determined
by the procedure given in Steps 1 through 4.

Step 1. Using the same procedure as given in (a)
above, obtain the value of B. For values of D,/T less
than 4, the value of factor A can be calculated using
the following equation:

11
- 2
(Dy/T)
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 P,; using the following equation:

2.167
(Dy/T)

— 0.0833|B

al

Step 3. Calculate avalue P,; using the following equa-
tion:
28
(Dy/T)

_
(Dy/T)

a2

Step 4. The smaller of the values of P, calculatedin
Step 2 or P,; calculated in Step 3 shall be used fof:the
maximum allowable external pressure P,. Compare P,
with P. If P, is smaller than P, select a larget:value for
T and repeat the design procedure until a value for P,
is obtained that is equal to or greater thah P.

NG-3133.4 Spherical Shells. The minimum required
thickness of a spherical shell under'external pressure,
either seamless or of built-up, construction with butt
joints, shall be determined\by“the procedure given in
Steps 1 through 6.

Step 1. Assume a value for T and calculate the value of
factor A using the following equation:

_ 0125
(R/T)

Step 2. USing the value of A calculated in Step 1, enter
the applicable material chartin SectionII, Part D, Subpart 3
for the material 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.

Step 4. Using the value of B obtained in Step 3, calculate
the value of the maximum allowable external pressure P,
using the following equation:

P = >
(R/T)

Step 5. Forvalues of A falling to the left of the applicable
material/temperature line for the Design Temiperature,
the value of P, can be calculated using.the’following
equation:

0.0625E

T R/

a

Step 6. Compare P, obtainedin Steps 4 or 5 with P.If P,
is smaller than P, select alarger value for T and repeat the
design procedure untilia value for P, is obtained that is
equal to or greater-than P.

NG-3133.5_Stiffening Rings for Cylindrical Shells.

(a) The required moment of inertia of the combined
ring-shell. section is given by the following equation:

D2L(T + A /LA
10.9

I. =

S

The available moment of inertia I for a stiffening ring
shall be determined by the procedure given in Steps 1
through 6.

Step 1. Assuming that the shell has been designed
and D,, L, and T, are known, select a member to be
used for the stiffening ring and determine its area A;
and the value of I defined in NG-3133.2. Then calculate
B by the following equation:

PD

(4

T, + A; /L

3

4

Step 2. Enter the right-hand side of the applicable
material chart in Section II, Part D, Subpart 3 for the mate-
rial under consideration at the value of B determined in
Step 1. If different materials are used for the shell and
stiffening ring, then use the material chart resulting in
the larger value for factor A in Step 4 or 5.

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. Forvalues of B falling below the left end of the
material/temperature line for the Design Temperature,
the value of 4 can be calculated using the following equa-
tion:
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A = 2B/E
Step 6. Ifthe required I is greater than the computed

moment of inertia I for the combined ring- shell section
selected in Step 1, a new section with a larger moment of
inertia must be selected and a new I, determined. If the
required I is smaller than the computed [ for the section
selected in Step 1, that section should be satisfactory.

(b) Stiffening rings may be attached to either the
outside or the inside of the component by continuous
welding.

NG-3133.6 Cylinders Under Axial Compression. The
maximum allowable compressive stress to be used in
the design of cylindrical shells and tubular products
subjected to loadings that produce longitudinal compres-
sive stresses in the shell or wall shall be the lesser of the
values given in (a) or (b).

(a) the S, value for the applicable material at Design
Temperature given in Section II, Part D, Subpart 1, Tables
2A and 2B

(b) the value of the factor B determined from the ap-
plicable chart contained in Section II, Part D, Subpart 3,
using the following definitions for the symbols on the
charts:

R = inside radius of the cylindrical shell or tubular
product, 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(in the
manner 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 = 0125/ (R/T)

Step 2. Using the value of A ¢alculated in Step 1, enter
the applicable material chart in'Section II, Part D, Subpart 3
for the material under consideration. Move vertically to an
intersection with the material/temperature line for the
Design Temperature. Interpolation may be made
between lines for(intermediate temperatures. In cases
where the valfieyat A falls to the right of the end of the
material/temperature line, assume an intersection with
the horizental 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 4 with the computed longitudinal compressive stress in
the cylindrical shell or tube, using the selected values of T
and R. If the value of B is smaller than the computed
compressive stress, a greater value of T must be selected
and the design procedure repeated until a value of B is
obtained which is greater than the compressive stress
computed for the loading on the cylindrical shell or tube.

NG-3200 DESIGN BY ANALYSIS

NG-3210 DESIGN CRITERIA
NG-3211 Requirements for Acceptability

The requirements for the acceptability of a design by
analysis are those set forth in/(a) through (d).

(a) The design shall be-sugeh that stress intensities will
not exceed the limits of NG-3200 using the design stress
intensity values S,, astabulated in Section II, Part D,
Subpart 1, Tables, 2A’and 2B.

(b) The design.details shall conform to the rules given
in NG-3100.and NG-3350.

(c) For“configurations where compressive stresses
occur, injaddition to the requirements in (a) and (b),
thesgritical buckling stress shall be taken into account.

(1) For the special case of external pressure differ-
ence, see NG-3133. Where dynamic pressure differences
are involved, the permissible external pressure difference
shall satisfy the requirements of NG-3133 or be limited to
25% of the dynamic instability pressure difference due to
Level A Service Loadings.

(2) For all other loadings, buckling shall be consid-
ered by performing an evaluation of service and test con-
ditions. Subsection NF provides acceptable methods for
plate- and shell-type supports in NF-3220 and linear-
type supports in NF-3320.

(d) Protection against nonductile fracture shall be
provided. An acceptable procedure for nonductile
failure prevention is given in Section III Appendices, Non-
mandatory Appendix G.

NG-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 unless otherwise permitted by this Subsection.
The maximum shear stress at a point is equal to one-
half the difference between the algebraically largest
and the algebraically smallest of the three principal
stresses at the point.

NG-3213 Terms Relating to Stress Analysis

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

(21)
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NG-3213.1 Stress Intensity. Stress intensity is defined
as twice the maximum shear stress, which is the difference
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.

NG-3213.2 Gross Structural Discontinuity. Gross
structural discontinuity is a geometric or material discon-
tinuity that affects the stress or strain distribution through
the entire wall thickness. Gross discontinuity-type
stresses are those portions of the actual stress distribu-
tions that produce netbending and membrane force resul-
tants when integrated through the wall thickness.
Examples of a gross structural discontinuity are head-
to-shell junctions, flange-to-shell junctions, nozzles, and
junctions between shells of different diameters or
thicknesses.

NG-3213.3 Local Structural Discontinuity. Local struc-
tural discontinuity is a geometric or material discontinuity
that affects the stress or strain distribution through a frac-
tional part of the wall thickness. The stress distribution
associated with alocal discontinuity causes only 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 penetia‘
tion welds.

NG-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
a part, so this stress is considered to have two components
— 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.

NG-3213.5 Shear Stress. Shear stress is the component
of stress tangent toythe plane of reference.

NG-3213.6 Membrane Stress. Membrane stress is the
componentofiiormal stress that is uniformly distributed
and equal te’'the average stress across the thickness of the
sectionunder consideration.

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

NG-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 primary membrane
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 pressuresot\to
distributed loads

(b) bending stress in the central portion of a.flat head
due to pressure

Refer to Table NG-3217-1 for examples of primary
stress.

NG-3213.9 Secondary Stress; Secondary stress is a
normal stress or a shear stress developed by the
constraint of adjacent matérial or by self-constraint of
the structure. The basie_eharacteristic of a secondary
stress is that it is selfrlimiting. Local yielding and
minor distortions cafUsatisfy the conditions that cause
the stress to occurfand failure from one application of
the stress is not)to be expected. Examples of secondary
stress are

(a) general thermal stress [NG-3213.12(a)]

(b)~bending stress at a gross structural discontinuity

Refer to Table NG-3217-1 for examples of secondary
Stress.

NG-3213.10 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 [NG-3213.12(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

NG-3213.11 Load-Controlled Stress. Load-controlled
stress is the stress resulting from application of a
loading, such as pressure difference, inertial loads, or
gravity, whose magnitude is not reduced as a result of
displacement.

NG-3213.12 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
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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 associated with 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 cycles may produce incremental
distortion. Therefore this type is classified as secondary
stress in Table NG-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 NG-3217-1. In evaluating local thermal stresses
the procedures of NG-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 matetial that has
a coefficient of expansion different from that'of the base
metal

NG-3213.13 Total Stress. Total stress is the sum of the
primary, secondary, and peak stréss'contributions. Recog-
nition of each of the individual egntributions is essential to
establishment of appropriaté stress limitations.

NG-3213.14 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 qccur are further defined in NG-3113.

NG-3213.15 Stress Cycle. Stress cycle is a condition in
which the alternating stress difference [NG-3222.4(e)]
goes from an initial value through an algebraic
maximum value and an algebraic minimum value, then
returns to the initial value. A single service cycle may
result in one or more stress cycles. Dynamic effects
shall also be considered as stress cycles.

NG-3213.16 Fatigue Strength Reduction Factor.
Fatigue strength reduction factor is a stress intensification
factor that accounts for the effect of a local structural
discontinuity (stress concentration) on the fatigue
strength. A theoretical stress concentration factor or
stress index may be used. A fatigue strength reduction
factor or stress index may be determined using the proce-
dures in Section III Appendices, Mandatory Appendix Lk

NG-3213.17 Shakedown. Shakedown of a structure
occurs if, after a few cycles of load application, ratcheting
ceases. The subsequent structural response is ‘elastic, or
elastic-plastic, and progressive incremental’inelastic
deformation is absent. Elastic shakedownZis the case in
which the subsequent response is elasti¢.

NG-3213.18 Free End Displacement. Free end displace-
ment consists of the relative motions that would occur
between an attachment and cefinected structure or equip-
ment if the two members.were separated. Examples of
such motions are those'that would occur because of rela-
tive thermal expansion-of piping, equipment, and equip-
ment supports or*because of rotations imposed upon the
equipment.

NG-3213.19 Limit Analysis. Limit analysis is a special
case of plastic analysis in which the material is assumed to
be ideally plastic (non-strain-hardening). In limit analysis,
the equilibrium and flow characteristics at the limit state
are used to calculate the collapse load. The two bounding
methods used in limit analysis are the lower bound
approach, which is associated with a statically admissible
stress field, and the upper bound approach, which is asso-
ciated with a kinematically admissible velocity field. For
beams and frames, the term “mechanism” is commonly
used in lieu of “kinematically admissible velocity field.”

NG-3213.20 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.

NG-3213.21 Lower Bound Limit Load. The lower bound
limit load, L;, is that load, determined from the limit
analysis (NG-3213.19), in which the material everywhere
satisfies equilibrium and nowhere exceeds the defined
material yield strength, using either the maximum
shear stress theory or a strain energy of distortion
theory to relate multiaxial yielding to the uniaxial case.

NG-3213.22 Stress Ratio Method. The methods of
plastic analysis which utilize the stress ratio combinations
are used to compute the maximum load a strain-hardened
material can carry (Section Il Appendices, Nonmandatory
Appendix A, Article A-9000). Stress ratio combinations are
combinations of stresses that consider the ratio of the

(21)

(21)

(21)

(21)

(21)
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(21)

calculated stress to the allowable plastic or elastic stress.
These combinations are useful since the actual shape
factor (function of cross section) and the type and magni-
tude of different stress fields may be considered in deter-
mining the load.

NG-3213.23 Ultimate Experimental Load. Ultimate
experimental load, L,, is the ultimate load or the
maximum load or load combination used in an experi-
mental test of a prototype or model (NG-3228.4).

NG-3214 Stress Analysis

A detailed stress analysis of all major structural compo-
nents shall be prepared in sufficient detail to show that
each of the stress limitations of NG-3220 and NG-3230 is
satisfied when the core support structure is subjected to
the loadings of NG-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.

NG-3215 Derivation of Stress Intensities

This paragraph describes the procedure for the calcula-
tion of the stress intensities which are subject to the speci-
fied limits. The steps in the procedure are stipulated in (a)
through (e).

Membrane stress is derived from the stress components
averaged across the thickness of the section. The aveyp-
aging shall be performed at the component level in (b)
or (c) below.

(a) Atthe point onthe component which is beinginves-
tigated, choose an orthogonal set of coordinates, such as
tangential, longitudinal, and radial, and designate them by
the subscripts ¢, [, and r. The stress comporents in these
directions are then designated o,,.0;{and o, for direct
stresses and 1y, T, and T, 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 tg one or a group of the following
categories [see Table NG;3217-1 and Figure NG-3222-1,
Note (4) and Note (5)]:

(1) general primary membrane stress P,
(NG-3213.6 and-NG-3213.8)

(2) primary bending stress P, (NG-3213.7 and
NG-3213.8)

(3) secondary stress Q (NG-3213.9)

(4) peak stress F (NG-3213.10)

(c) Foreach category, calculate the algebraic sum ofthe
values of o, 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 ¢, ], and r
directions into principal stresses o4, 0,, and o3. In many
pressure component calculations, the t, [, and r directions

may be so chosen that the shear stress components are
zero and o4, 0,, and o3 are identical to o, 05, and o,.

(e) Calculate the stressdifferences S5, S23,and S3; from
the relations

Sip =01 — 0y
S3 =0y — 03
S31 =03 — o

The stress intensity S is the largest absolute value of S5,
523: and 531.

NG-3216 Derivation of Stress Differences for
Evaluation ‘of Cyclic Operation

The evaluation of.the primary plus secondary plus peak
stresses requires the calculation of the cyclic stress ranges
due to the loadings for which Level A and Level B Service
Limits are specified. The determination of the stress
ranges.shall be made on the basis of the stresses at a
pointhon the structure using the process defined
below. If the specified operation of the structure does
not meet the conditions of NG-3222.4(d), the ability of
the structure to withstand the specified cyclic service
without fatigue failure shall be determined as provided
in NG-3222.4(e). Only the stress differences due to
cyclic Level A and Level B loadings as specified in the
Design Specifications need be considered.

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

(a) Principal Stresses. Consider the values of the three
principal stresses at the point 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 o4, 0y,
and o3 for later identification.

(b) Stress Differences. Determine the stress differences
S12 =01 — 03; S;3 =0, — 03; S31 = 03 — 01 versus time for the
complete cycle. In what follows, the symbol S;; is used to
represent any one of these three stress differences.

(c) Alternating Stress Intensity. Determine the extremes
of the range through which each stress difference Sj; fluc-
tuates and find the absolute magnitude of this range for
each §;;. Call this magnitude S,;; and let Sy ;; = 0.5S,;. The
stress intensity range, S,, for the stress cycle is the largest
S The alternating stress intensity S is the largest of the
Sait 4 values.

(21)

(21)
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(21)

NG-3216.2 Varying Principal Stress Direction. For any
case in which 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).

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

(c) Subtract each of the six stress components oy, 0y,
etc., from the corresponding stress components o,, g, etc.,
at each point in time during the cycle and call the resulting
components ¢’ ¢’ etc.

(d) Ateach pointin time during the cycle, calculate the
principal stresses o'}, 6”5, 6’5 derived from the six stress
components ¢’;, 6, 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 Sy, = 6’; — 0’5,
S'y3=0"5-0'3,8'31 = 0’3 - 0’1 versus time for the completé
cycle. The largest absolute magnitude of any stress differ-
ence at any time is the stress intensity range, S,. The-alter-
nating stress intensity S, is one-half of this magnitude.

NG-3217 Classification of Stress

Table NG-3217-1 provides examples inrthe determina-
tion of the classification to which, a*stress should be
assigned.

NG-3220 STRESS LIMITS FOR OTHER THAN
THREADED STRUCTURAL FASTENERS

NG-3221 Design.Loadings

The stress intensity limits which must be satisfied for
the Design Loadings (NG-3112) stated in the Design Speci-
fications_dre the three limits of this paragraph and the
special"stress limits of NG-3227. The provisions of
NG-8228 may provide relief from certain of these
stress limits. The design stress intensity values S, are
given by NG-3229. The limits are summarized by
Figure NG-3221-1.

NG-3221.1 General Primary Membrane Stress Inten-
sity. This stress intensity (derived from P,, in
Figure NG-3221-1) is derived from the average value
across the thickness of a section of the general

primary stresses (see NG-3213.8) produced by design
internal pressure difference and other specified Design
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 the stress intensity is S, at
the Design Temperature.

NG-3221.2 Primary Membrane Plus Primary Bendirig
Stress Intensity. This stress intensity (derived from
P,, + Py in Figure NG-3221-1) is derived from“the
highest value across the thickness of a section-of the
general primary membrane stresses plus“primary
bending stresses produced by Design Presstire Difference
and other specified Design Mechahnital Loads, but
excluding all secondary and peak stpésses. The allowable
value of this stress intensity is 4.55,,.

NG-3221.3 External Pressure Difference. The provi-
sions of NG-3133 apply.

NG-3222 Level A.Service Limits

The Level A Setvice Limits must be satisfied for the
Service Conditions [NCA-2142.4(b)(1)] for which these
limits are.désignated in the Design Specifications and
are thedimits of this paragraph and NG-3227. The provi-
sions-of NG-3228 may provide relief from certain of these
stress limits. The design stress intensity values S, are
given by NG-3229. The limits are summarized by
Figure NG-3222-1.

NG-3222.1 General Primary Membrane and Primary
Membrane Plus Primary Bending Stress Intensities.
Primary stress intensities must be computed and
satisfy the limits of NG-3221.

NG-3222.2 Primary Plus Secondary Stress Intensity (21)

Range.

(a) The primary plus secondary stress intensity range
is derived from P,, + P, + Q in Figure NG-3222-1. The
primary plus secondary stress at a point includes the
general primary membrane stress, plus the primary
bending stress, plus the secondary stress. These stresses
are produced by the specified service pressure differences
and other specified mechanical loads, and by general
thermal effects associated with the Service Loadings.
The primary plus secondary stress intensity range is
the absolute value of maximum stress difference range
over the life of the component due to the specified
Level A and Level B Service Loadings. The allowable
value of the primary plus secondary stress intensity
range is 3S,,, except for certain cyclic events which
may exceed the 3S,, limit during the design life of the
plant. For this exception, in lieu of meeting the 35,
limit, an elastic-plastic fatigue analysis in accordance
with NG-3228.3 may be performed to demonstrate that
the cumulative fatigue usage attributable to the
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Table NG-3217-1
Classification of Stress Intensity in Core Support Structures for Some Typical Cases

Core Support Discontinuity
Structure Location Origin of Stress [Note (1)] | Type of Stress [Note (2)] | Classification | Gross Local
Any shell or head Any section External load Membrane averaged across | Py, No No
across entire full section. Stress
shell component perpendicular
to cross section.
Bending across full section. | Py, No No
Stress component
perpendicular to cross
section.

Self-limiting external load, | Membrane and bending Q Yés No
thermal gradient, thermal including gradient through
expansion difference plate thickness

Peak F Yes Yes
Junction with Self-limiting external load, | Membrane and bending Q Yes No
head or flange thermal gradient, thermal | p, 1 ¥ Yes Yes
expansion difference
Near nozzle or | Self-limiting external load, | Membrane and bending Q Yes No
other opening thermal gradient, thermal | p. 1 F Yes Yes
expansion difference
Dished head or Crown External load Membrane P, No No
conical Bending Py No No

Self-limiting external load, | Membrane.and bending Q Yes No
thermal gradient, thermal Pealt F Yes Yes
expansion difference

Knuckle of Self-limiting external load,~|['‘Membrane and bending Q Yes No
junction to thermal gradient, thepmal Peak F Yes Yes
shell expansion difference

Flat head Center region External load Membrane P, No No
Bending Py No No

Self-limiting-external load, | Membrane and bending Q Yes No
thernial gradient, thermal Peak F Yes Yes
expahsion difference

Junction to shell | Extérnal load, self-limiting | Membrane and bending Q Yes No
exteljnal load, thermal Peak F Yes Yes
gradient, thermal
expansion difference

Perforated head, Typical ligament | External load Membrane (averaged through | P,, No No
plate, or shell in a tmiform cross section)
gern Bending (averaged through | P, No No
width of ligament, but
gradient through plate)

Self-limiting external load, | Membrane and bending Q Yes No
thermal gradient, thermal Peak F Yes Yes
expansion difference

Isolated or External load, self-limiting | Membrane Q Yes No
atypical external load, thermal Bending F Yes Yes
ligament gradient, thermal

expansion difference Peak F Yes Yes
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Table NG-3217-1
Classification of Stress Intensity in Core Support Structures for Some Typical Cases (Cont’d)

Core Support Discontinuity
Structure Location Origin of Stress [Note (1)] | Type of Stress [Note (2)] | Classification | Gross Local
Nozzle Cross section External load Membrane average across full | P,, No No
perpendicular section. Stress component
to nozzle axis perpendicular to section.
Bending across nozzle section | P,, No No
Self-limiting external load, | Membrane and bending Q Yes No
thermal gradients, Peak F Yes Yes
thermal expansion
difference
Nozzle wall External load Membrane P, NG No
Self-limiting external load, | Membrane and bending Q Yes No
thermal gradients, Peak F Yes Yes
thermal expansion
difference
Cladding Any Differential thermal Peak F Yes Yes
expansion
Any Any Radial thermal gradient Equivalent linear stress Q[Note (4)] Yes No
through plate thickness | gire55 due to nonlinear F Yes Yes
[Note (3)] portion
Any Any Any Stress concentration (notch | F Yes Yes
effect)
Beams and columns | Any External Load Membrane P, No No
Bending Py No No
Self-limiting external load, | Membtrane and bending Q Yes No
thermal gradients, Peilk F Yes Yes
thermal expansion
difference

NOTES:

(1) Examples of loadings that shall be considered, including external loadings, are identified in NG-3111.
(2) Where applicable, the possibility of buckling, wrinkling,(and excessive deformation in shells with large diameter-to-thickness ratio shall be
considered. The possibility of buckling of beams_dr/columns shall also be considered.

(3) The possibility of thermal stress ratchet shall also/be considered.

(4) Equivalent linear stress is defined as the linear§tress distribution that has the same net bending moment as the actual stress distribution.

Figure NG-3221-1
Stress Categories and Limits of Stress Intensities for Design Loadings

Primary Stress Intensity [Notes (1), (2), and (3)]
Stress Memb Bendi
Cateqor Memb P embrane + Bending
gory embrane, P, (P, +Py)
Limits for P P+ Py
design
loadings .
(NG-3221) Elastic Elastic
(NG-3221.1) (NG-3221.2)

NOTES:

(1) Thesymbols P,,and P, do notrepresent single quantities, but rather sets of six quantities representing the six stress components o;, 0;, 6, T,
Ty, and Ty -

(2) For configurations where compressive stresses occur, the stress limits shall be reviewed to take into account critical buckling stresses
[NG-3211(c)].

(3) In lieu of satisfying these stress limits, a limit analysis in accordance with NG-3228.2 may be performed..
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Figure NG-3222-1
Stress Categories and Limits of Stress Intensities for Service Levels A and B

Primary Stress Intensity [Notes (1), (2), and (7)] Primary Plus Secondary Peak Stress Intensity, F,
Membrane + Bendin Stress Intensity, Q and Fatigue
C:t:;?ry Membrane, Pr, (P + Pp) 9 [Notes (1) and (3)] [Notes (1), (4), and (5)]
Limits for
Service
Level A @ 3Sm e
(NG-s222 Elasti Elasti or Elastic
astic astic . ;
and (NG-3221.1) (NG-3221.2) (NG-3222.2) E'?,ff'Gc_;;‘tz'gj‘?
[Note (8)] '
Service
Level B
(NG-3223) 4@
[Note (6)]
Plastic
(NG-3228.1)
[Note (9)]
or
' Pn+Py+Q+F
Elastic—plastic
fatigue
(NG-3222.2,
NG-3228.3)

NOTES:

(1) Thesymbols P, P, Q, and F do not represent single quantities, but rathérsets of six quantities representing the six stress components o, 0,
On Tio Ty Tre

(2) For configurations where compressive stresses occur, the stress liits shall be reviewed to take into account critical buckling stresses
[NG-3211(c)].

(3) Thesecondary stresses, Q, are those parts of the total stressthat are produced by thermal gradients, structural discontinuities, etc.,and do not
include primary stresses that may also exist at the samepoint. It should be noted, however, that a detailed stress analysis frequently gives the
combination of primary and secondary stresses direetly'and, when appropriate, this calculated value represents the total of P,,, + P, + Q, and
not Q alone.

(4) Ifthe peak stress, 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 plate has,a nominal stress intensity, P,, = S, P, = 0, @ = 0, and a notch with a stress concentration K is
introduced, then F = P,,(K - 1) and the peak stress intensity equals P,, + P, (K - 1) = KP,,.

(5) Alternating stress intensity, S,y is gnezhalf of the alternating stress range, per NG-3222.4. Note that adjustments to S, may be required to
account for local discontinuities [NG=3222.4(e)], elastic modulus correction [NG-3222.4(e)], fatigue penalty factors (NG-3228.3), or local
thermal effects (NG-3227.6).

(6) Per NG-3223(a), the Level A’Service Limits in NG-3222 apply to Service Level B, except that the primary stress intensity limits shall be
increased by 10%.

(7) Inlieu of satisfying thesestress limits, a limit analysis in accordance with NG-3228.2 or experimental analysis in accordance with NG-3228.4
may be performed..

(8) The limit on primary plus secondary stress applies to the range of stresses, per NG-3222.2.

(9) S, denotes thestructural action of shakedown load as defined in NG-3213.17, calculated on a plastic basis as applied to a specific location on

the structure.
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combination of these low cycle events plus all other cyclic
events does not exceed a value of 1.0 when calculated in
accordance with NG-3222.4.

(b) The value of S, shall be determined as follows:

(1) When the secondary stress is due to a tempera-
ture transient or to restraint of free end displacement, the
value of S, shall be taken as the average of the tabulated S,,,
values for the highest and lowest temperatures of the
metal (at the point at which the stresses are being
analyzed) during the transient.

(2) When partorall of the secondary stressis duetoa
mechanical load, S,,, shall be based on the highest metal
temperature during the transient.

(c) The primary plus secondary stress intensity range
is determined using the methodology described in
NG-3216, where the algebraic signs of the stress differ-
ences are retained in the computation. This limitation
on range applies to the entire history of applicable tran-
sients and Service Loadings, not just to the stress range
resulting from an individual transient.

NG-3222.4 Analysis for Cyclic Operation.

(a) Suitability for Cyclic Condition. The suitability of a
structure for specified Service Loadings involving cyclic
application of loads and thermal conditions shall be deter-
mined by the methods described herein, except that the
suitability of high strength threaded structural fasteners
shall be determined by the methods of NG-3232.3(b) and
the possibility of thermal stress ratchet shall be investi-
gated in accordance with NG-3222.5. If the specified
Service Loadings of the structure meetall of the conditions
of (d) below, no analysis for cyclic service is required, and
itmay be assumed that the limits on peak stressdntensities
as governed by fatigue have been satisfied by compliance
with the applicable requirements for material, design,
fabrication, examination, and testing of’this Subsection.
If the Service Loadings do not meet'all the conditions
of (d) below, a fatigue analysis shalltye made in accordance
with (e) below or a fatigue test shall be made inaccordance
with Section III Appendices;*Mandatory Appendix II,
11-1500.

(b) Peak Stress IntenSity. This stress intensity is derived
from the highest value at any point across the thickness of
a section of all'primary, secondary, and peak stresses
produced by specified service pressure differences and
other meghanical loads, and by general and local
thermakheffects associated with the Service Loadings
and dncluding the effects of gross and local structural
discontinuities.

{c) Conditions and Procedures. The conditions and
procedures of NG-3222.4 are based on a comparison of
peak stresses with strain cycling fatigue data. The
strain cycling fatigue data are represented by design
fatigue strength curves of Section Il Appendices, Manda-
tory Appendix I. These curves show the allowable ampli-
tude S, of 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 design fatigue curves in Section III Appendices, Man-
datory Appendix I are derived from both strain-controlled
test data and load-controlled fatigue data. When strain=
controlled testdata is used, the fatigue curves are obtained
from uniaxial strain cycling data in which the imposed
strains have been multiplied by the elastic miodulus
and a design margin has been provided so_as,to make
the calculated stress intensity amplitude@ané’ the allow-
able 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 fluctuates about a mean
value which is different from zero. As a consequence
of this procedure, it is essential that the requirements
of NG-3222.2 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) below.

(d) \Components Not Requiring Analysis for Cyclic
Seryice. An analysis for cyclic service is not required,
andit may be assumed that the limits on peak stress inten-
sities as governed by fatigue have been satisfied for a
structure by compliance with the applicable requirements
for material, design, fabrication, examination, and testing
of this Subsection, provided the specified Service Loadings
ofthe structure or portion thereof meets all the conditions
stipulated in (1) through (4) below. As stated in NG-3223,
for structures operating within the temperature limits of
this Subsection, Service Loadings for which Level B Limits
are designated shall be considered as though Level A
Limits were designated in evaluating exemptions from
fatigue analysis.

(1) Temperature Difference — Startup and Shutdown.
The temperature difference in °F (°C) between any two
adjacent points of the structure due to the Service Load-
ings does not exceed S,/(2Ea), where S, is the value
obtained from the applicable design fatigue curves for
the specified number of startup-shutdown cycles, « is
the value of the instantaneous coefficient of thermal
expansion at the mean value of the temperatures at
the two points as given by Section II, Part D, Subpart
2, Table TE, and E is taken from Section II, Part D,
Subpart 2, Table TM at the mean value of the temperature
at the two points. Adjacent points are defined as points
that are spaced less than the distance 2./(Rt) from each
other, where R and t are the mean radius and thickness,
respectively, of the shell of revolution. In configurations
other than a shell of revolution, either the allowable
distance between adjacent points must be determined
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in appropriate configurations or a fatigue analysis shall be
made.

(2) Temperature Difference — Service Loadings. The
temperature difference in °F (°C) between any two adja-
cent points [(1)] does not change due to the Service Load-
ings (excluding startup and shutdown) by more than the
quantity S,/(2Ea), where S, is the value obtained from the
applicable design fatigue curve of Section III Appendices,
Mandatory Appendix I for the total specified number of
significant temperature difference fluctuations. A
temperature difference fluctuation (considering the alge-
braic range of the difference) shall be considered to be
significant if its total algebraic range exceeds the quantity
S/(2Ea), where S is defined as follows:

(-a) If the total specified number of service cycles
is 10° cycles or less, S is the value of S, obtained from the
applicable design fatigue curve for 10° cycles.

(-b) If the total specified number of service cycles
exceeds 10° cycles, S is the value of S, obtained from the
applicable design fatigue curve for the maximum number
of cycles defined on the curve.

(3) Temperature Difference — Dissimilar Materials.
For structures fabricated from materials of differing
moduli of elasticity and coefficients of thermal expansion
or both, the total algebraic range of temperature fluctua-
tion in °F (°C) experienced by the component due to the
Service Loadings does not exceed the magnitude
Sa/2(Eia1 - Eza3), where S, is the value obtained
fromthe applicable design fatigue curve for the total speti*
fied number of significant temperature fluctuations;£;
and E, are the moduli of elasticity, and a; and.as are
the values of the instantaneous coefficients of thermal
expansion at the mean temperature value involved for
the two materials of construction (Settien II, Part D,
Subpart 2, Tables TE and TM). A temperature fluctuation
shall be considered to be significant.if its total excursion
exceeds the quantity S/2(E a; - Ega,), where S is defined
as follows:

(-a) If the total specified number of service cycles
is 10° cycles or less, S isthe value of S, obtained from the
applicable design fatigu€ curve for 10° cycles.

(-b) If the total specified number of service cycles
exceeds 10° cycles; S is the value of S, obtained from the
applicable degsign 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
valueef'S, shall be used in applying the rules of this para-
graph.

(4) Mechanical Loads. The specified full range of
mechanical loads, including pipe reactions and pressure
differences, does not result in load stresses whose range
exceeds the S, value obtained from the applicable design
fatigue curve of Section IIl Appendices, Mandatory Appen-
dix I for the total specified number of significant load fluc-
tuations. If the total specified number of significant load
fluctuations exceeds 10°, the S, value at N = 10° may be

used. A load fluctuation shall be considered to be signifi-
cant if the total excursion of load stress exceeds the value
of S,, where S is defined as follows:

(-a) If the total specified number of service cycles
is 10° cycles or less, S is the value of S, obtained from the
applicable design fatigue curve for 10° cycles.

(-b) If the total specified number of service cycles
exceeds 10° cycles, S is the value of S, obtained fromsthe
applicable design fatigue curve for the maximummumber
of cycles defined on the curve.

(e) Procedure for Analysis for Cyclic Lodding. If the
specified Service Loadings for the stnticture do not
meet the conditions of (d) above, the@hility of the struc-
ture to withstand the specified eyclic service without
fatigue failure shall be determined as provided herein.
The determination shall be.mdade on the basis of the
stresses at a point and the allowable stress cycles shall
be adequate for the spegifiéd Service Loadings at every
point. Only the stresses\due to service cycles as specified
in the Design Specifieations need be considered. Compli-
ance with these requirements means only that the struc-
ture is suitable-from the standpoint of possible fatigue
failure; complete suitability for the specified Service Load-
ings isdlso dependent on meeting the general stress limits
of NG-3222 and any applicable special stress limits of
NG=3227.

(1) Stress Differences. Determine the stress differ-
ences and the alternating stress intensity S, due to
the Service Loadings, in accordance with NG-3216.

(2) Local Structural Discontinuities. These effects
shall be evaluated by the use of theoretical stress concen-
tration factors for all conditions, except that experimen-
tally determined fatigue strength reduction factors may be
used when stated herein or when determined in accor-
dance with the procedures of Section 11l Appendices, Man-
datory Appendix II, 1I-1600. Except for the case of
cracklike defects and specific piping geometries for
which specific values are given in NB-3680, 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 material 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 specified
minimum room temperature value.

(4) Effectof Elastic Modulus. Multiply S, (NG-3216.1
or NG-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 ap-
plicable 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
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the only one which produces significant fluctuating
stresses, this is the allowable number of cycles.

(5) Cumulative Damage. If there are two or more
types of stress cycle 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, etc., will be
repeated during the life of the component as ny, ny, ns,
..., N, respectively.
NOTE: In determining n;, ny, ns, ..., h, 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:

Type 1 cycle: n; = 1000,
Sa = (60,000 + 50,000)/2 = 55,000 psi
Type 2 cycle: ny, = 9000,
Sz = (50,000 + 0)/2 = 25,000 psi

Step 2. For each type of stress cycle, determine the alter-
nating stress intensity S, by the procedures of NG-3216.1 or
NG-3216.2 above. Call these quantities Sai¢1, Saitz) Saizs - Saltn-

Step 3. For each value Say1, Saiez) Saiezs - Salgn US€
the applicable design fatigue curve to determinge the
maximum number of repetitions which wouldbe allow-
able ifthis type of cycle were the only one acting! Call these
values Nlr NZ! N3, ey Nn-

Step 4. For each type of stress.eygle, calculate the
usage factors Uy, Uy, Us, ..., Uy, from Uy,='n1 /N1, Uz = ny /N>,
U3 = n3/N3, ey Un = nn/N,,.

Step 5. Calculate the cumulative usage factor U
from U=U; + Uy + U3 + . @ U,

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

NG-3222.5 Thermal Stress Ratchet. Under certain
combinations‘of steady-state and cyclic loadings there
is a possibility of large distortions developing as the
result of Fatchet action; that is, the deformation increases
by amnearly equal amount for each cycle. Examples of this
phenomenon are treated in this subparagraph and in
NG-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 difference in
order to prevent cyclic growth in diameter is as
follows. Let

maximum allowable range of thermal stress
computed on an elastic basis divided by the
yield strength S, or 1.5S,,, whichever is greater
maximum allowable range of thermal stress aver-
aged through the wall thickness and computed on
an elastic basis divided by the yield strength, S,
maximum general membrane stress due to pres-
sure difference divided by the yield strength.S,
or 1.5S,, whichever is greater

(1) Case 1 — linear variation of temperature through
the wall

y = lforO < x <05
x

y = 41 - x) for05 < x < 1.0

zZ = 2(lh— x)for0 < x < 1.0

(2) Case'2 — parabolic constantly increasing or
constantly 'decreasing variation of temperature through
the wall

y = 52(1 — «x)for0.615 < x < 1.0

and approximately for x < 0.615 as follows:

for x = 0.3, 0.4, 0.5, y' = 4.65, 3.55, 2.70

Z =2(1 — x)for0 < x < 1.0

(b) Use of yield strength S, 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 S,. If the yield strength
of the material is higher than two times the S, value
for the maximum number of cycles on the applicable
fatigue curve of Section IIl Appendices, Mandatory Appen-
dix I for the material, the latter value shall be used if there
is to be a large number of cycles because strain softening
may occur.

NG-3222.6 Deformation Limits. Any deformation
limits prescribed by the Design Specifications shall be
satisfied.

NG-3223 Level B Service Limits

For components operating within the temperature
limits of this Section the requirements of (a) and (b) apply.

(a) The Level A Service Limitsin NG-3222 shall apply to
Service Level B, except that the primary stress intensity
limits shall be increased by 10%.

(b) The Design Specifications shall be satisfied.
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Figure NG-3224-1

Stress Categories and Limits of Stress Intensities for Service Level C
Primary Stresses [Notes (1), (2), and (3)] Primary Plus Secondary | Peak Stress Intensity, F,
Stress Membrane + Bending Stress Intensity, Q and Fatigue
Memb: , P,
Category embrane, Fim (P + Pp) [Note (1)] [Note (1)]
P, P, + P
Limits for mJ i >
Service . .
Level C Elastic analysis ‘ Elastic analysis
(NG-3224) [NG-3224.1(a)(1) ING-3224.1(a)(2)
or or
Plastic analysis . . . .
ING-3224.1(c)(1)] ‘ Evaluation not required | Evaluatiop\not required
. . (NG-3224.4) (NG=3224.5)
Plastic analysis
or ING-3224.1(c)(2)]
or @
or
Stress ratio
analysis Stress ratio
[NG-3224.1(d)(1)] analysis
[NG-3224.1(d)(2)]
NOTES:

€y
Or Tiv Ty Tree
(2)
[NG-3211(c)].
(3

may be performed.

NG-3224 Level C Service Limits

Level C Service Limits must be satisfied for Service
Loadings for which they are designated\by the Design
Specifications and are those of one af)the five methods
permitted in NG-3224.1. These stress intensity limits
are summarized by Figure NG-3224-1. Dynamic instability
shall be considered in meeting the load, stress, and defor-
mation limits. The requirements of NG-3224.2 through
NG-3224.6 shall also be 1net.

NG-3224.1 Stress-Intensity Limits.

(a) Elastic Analysis Method

(1) The general primary membrane stress intensity
(NG-3213¢6,,NG-3213.8, and NG-3221.1) shall not exceed
1.5 times the allowable stress intensity S,, as given in
Section™I, Part D, Subpart 1, Tables 2A and 2B.

(2) The primary membrane plus primary bending
stress intensity (NG-3213.7, NG-3213.8, and
NG-3221.2) shall not exceed 2.25 times the allowable
stress intensity S,, as given in Section II, Part D,
Subpart 1, Tables 2A and 2B.

(b) Limit Analysis. In lieu of the elastic analysis of (a), a
limit analysis in accordance with NG-3228.2 may be
performed

The symbols P, Pp, Q, and F do not represent single quantities, but rather sets of six\quantities representing the six stress components o,, o/,
For configurations where compressive stresses occur, the stress limits shall\be reviewed to take into account critical buckling stresses

Inlieu of satisfying these stress limits, a limit analysis in accordance withi"'NG-3228.2 or experimental analysis in accordance with NG-3228.4

(c) Plastic Analysis. Instead of the elastic analysis of (a),
a plastic analysis may be performed as set forth in (1) and
(2) below. Primary stresses shall be calculated from the
elastic-plastic analysis. Strain hardening of the material
may be used for the actual monotonic stress-strain curve
at the temperature of loading; any approximation to the
stress-strain curve that everywhere has alower stress for
the same strain as the actual monotonic curve may also be
used. Either the maximum shear stress theory or the strain
energy distortion theory shall be used to relate multiaxial
yielding to the uniaxial case.

(1) For Service Loadings for which Level C Limits are
designated, general primary membrane stress intensity
values shall not exceed 1.5 times the allowable stress
intensity S,, at temperatures where S,, is given in
Section II, Part D, Subpart 1, Tables 2A and 2B.

(2) For Service Loadings for which Level C Limits are
designated, the general primary membrane plus primary
bending stress intensities shall not exceed the greater of
either one-half of the ultimate strength S, at temperature
(multiaxiality effect on S, shall be considered) or 2.25
times the allowable stress intensity values S,, at tempera-
ture as given in Section I, Part D, Subpart 1, Tables 2A and
2B.

(21)
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(d) Stress Ratio Analysis. Instead of the elastic analysis
of (a), a stress ratio analysis (NG-3213.22) may be
performed, in which event the limits of (1) and (2)
below shall be met.

(1) Service Loadings producing primary membrane
stresses shall not result in stress intensities exceeding Sg
where S; < 2.05,,.

(2) The stress intensity limits for other stress fields
shall be as specified in Section 1II Appendices, Nonman-
datory Appendix A, Article A-9000. For example, for

bending
2
Pm
Pg < Sgl1 — |2

for rectangular sections, where
2 or Pg < KSg(Sg — B,)

where Kis the Section Factor for n=1 as determined by the
method of Section III Appendices, Nonmandatory Appen-
dix A, Article A-9000.

(e) Experimental Analysis. In lieu of the elastic analysis
of (a), an experimental analysis in accordance with
NG-3228.4 may be performed.

n =

NG-3224.2 External Pressure. The permissible equiva-
lent static external pressure shall be taken as 150% of that
permitted by the rules of NG-3133. Where dynamic pres-
sures are involved, the permissible external pressure shall
satisfy the preceding requirements or be limited to ore=
half the dynamic instability pressure.

NG-3224.3 Special Stress Limits. The permissible
values for special stress limits shall be taken‘as 150%
of the values given in NG-3227 and NG-3228.1.

NG-3224.4 Secondary and Peak Stresses. The require-
ments of NG-3222.2, NG-32224, NG-3222.5, and
NG-3227.3 need not be satisfied.

NG-3224.5 Fatigue Requirements. Service Loadings
for which Level C Limits\are designated need not be
considered when_applying the procedures of
NG-3222.4(a) to determine whether or not a fatigue
analysis is requiréd.

NG-3224.6 ‘Deformation Limits. Any deformation
limits preseribed by the Design Specifications shall be
considéred.

NG-3225 Level D Service Limits

Ifthe Design Specifications specify any Service Loadings
for which Level D Limits are designated
[NCA-2142.4(b)(4)], the rules contained in Section III
Appendices, Mandatory Appendix XXVII shall be used
in evaluating these loadings, independently of all other
Design and Service Loadings. The following stipulations

apply when using Section III Appendices, Mandatory
Appendix XXVII:

(a) When the special stress limits of NG-3227 are ap-
plicable for Level D Limits, the calculated stresses shall not
exceed twice the stress limits given in NG-3227 as applied
for Level A and Level B Service Limits. The bearing and
shear limits in XXVII-3500 do not apply to core support
structures.

(b) For limit analysis, comply with NG-3228.2.

(c) For experimental analysis, comply with NG-322874.

(d) Component inelastic analysis may be cofbined
with elastic system analysis as defined in Section III
Appendices, Mandatory Appendix XXVII. For-this analysis,
the maximum stress limit shall be 0675, for primary
membrane stress intensity, and shall*be equal to the
greater of 0.67S,, and [S, + (7)8u: - S,)1, but not to
exceed 0.9S, for maximum primary stress intensity,
where S,; is defined as the‘value of ultimate stress
obtained from the truesstress-strain curve and S, is
defined as the value of ultithate stress from an engineering
stress-strain curve-n this case, the elastic system analysis
shall be checked,~accounting for component plastic
deformation.

NG-3227 ‘Special Stress Limits

The following deviations from the basic stress limits are
provided to cover special Service Loadings or configura-
tions. Some of these deviations are more restrictive and
Some are less restrictive than the basic stress limits. Rules
governing application of these special stress limits for
Level C and Level D Service Limit applications are
contained in NG-3224.3 and NG-3225, respectively. In
cases of conflict between these requirements and the
basic stress limits, the rules of NG-3227 take precedence
for the particular situations to which they apply. NG-3227
does not apply to threaded structural fasteners
(NG-3230).

NG-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 Service Loadings for
which Level A Limits are designated, shall be limited
to S, 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 1.5S, 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 (NG-3213.11), the average shear stress shall be
limited to 0.6S,,. In the case of load-controlled stress plus
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secondary stress (NG-3213.9), the average shear stress
shall not exceed the following:
(1) for material of Section I, 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, the
lower of 0.5S, at 100°F (38°C) and 0.675S, at temperature;
(2) for all other material, 0.5S, 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
similar members, the S, at temperature value is applicable,
except thata value of 1.55, may be used if no creditis given
to bearing area within one pin diameter from a plate edge.

NG-3227.2 Pure Shear.

(a) The average primary shear stress across a section
loaded in pure shear, experienced as a result of Design
Loadings or Service Loadings for which Level A Limits
are designated (e.g., keys, shear rings), shall be limited
to 0.6S,,.

(b) The maximum primary shear, experienced as,a
result of Design Loadings or Service Loadings fo%
which Level A Limits are designated exclusive ofgstress
concentration at the periphery of a solid €ircular
section in torsion, shall be limited to 0.8S,,.

(c¢) Primary plus secondary and peak¢hear stresses
shall be converted to stress intensitiés)(equal to two
times pure shear stress) and as such{shall not exceed
the basic stress limits of NG-3222:2vand NG-3222.4(b).

NG-3227.3 Progressive Distortion of Nonintegral
Connections. Screwed on caps, screwed in plugs, shear
ring closures, and breechlock closures are examples of
nonintegral connections“which are subject to failure by
bell mouthing or other'types of progressive deformation.
If any combination”of applied loads produces yielding,
such joints are subject to ratcheting because the
mating menibers may become loose at the end of each
complete operating cycle and start the next cycle in a
newerelationship with each other, with or without
manpal 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 (NG-3222.2)
which resultin slippage between the parts of a nonintegral
connection in which disengagement could occur asaresult
of progressive distortion shall be limited to the value S,
(Section II, Part D, Subpart 1, Table Y-1).

NG-3227.4 Triaxial Stresses. The algebraic sum of the
three primary principal stresses (o1 + 0, + 03) shall not
exceed four times the tabulated value of S,,,.

NG-3227.5 Nozzle Piping Transition. The P,, classifica-
tion of stresses in nozzle resulting from pressure differ-
ence, external loads, and moments is applicable for that
length of nozzle which lies within the limits or reinforee-
ment given by NG-3132, whether or not nozzle reinforce-
ment is provided. Beyond the limits of reinforcement, a P,
classification shall be applied to the general primary
membrane stress intensity averaged acrgss.the section
(not thickness) resulting from combinedpressure differ-
ence and external mechanical loads; P;, # P, classification
shall be applied to primary membrane plus primary
bending stress intensities thatresult from Design Pres-
sure Difference and externalymechanical loads; and a
P,, + P, + Q classificatialr shall be applied to primary
plus secondary stresslintensities resulting from all
loads including extefnal load or moment attributable
to restrained freefend displacement of the attached
pipe. Beyond the limits of reinforcement, the 35, limit
on the range of primary plus secondary stress intensity
may be exceéded as provided in NG-3228.3 except that in
the evalhiation of NG-3228.3(a), stresses from attached
pipe thermal expansion loads and moments may also
belexcluded. The range of membrane plus bending
stress intensity attributable solely to thermal expansion
of the attached piping shall be <35,,. The nozzle, outside
the reinforcement limit, shall not be thinner than the
larger of the pipe thickness or the quantity ¢,
(Smp/Smn) where t, is the nominal thickness of the
mating pipe, Sy, is the allowable stress intensity value
for the pipe material, and S,,,, is the allowable stress inten-
sity value for the nozzle material.

NG-3227.6 Applications of Elastic Analysis for
Stresses Beyond the Yield Strength. Certain of the allow-
able stresses permitted in the design criteria are such that
the maximum stress calculated on an elastic basis may
exceed the yield strength of the material. The limit on
primary plus secondary stress intensity of 35,
(NG-3222.2) 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

(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 [NG-3213.12(b)] shall be evaluated
on an elastic basis. In evaluating local thermal stresses, the
elastic equations shall be used except that the numerical
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value substituted for Poisson’s ratio shall be determined
from the expression

S
v =205 — O.Z—y but not less than 0.3
alt

where
Sat = alternating stress intensity determined in
NG-3222.4(e) prior to the elastic modulus adjust-
ment in NG-3222.4(e)(4)
S, = theyield strength of the material at the mean value
of the temperature of the cycle

NG-3228 Applications of Plastic Analysis

The following subparagraphs provide guidance in the
application of plastic analysis and some relaxation of the
basic stress limits which are allowed if plastic analysis is
used.

NG-3228.1 Shakedown Analysis. The limits on primary
plus secondary stress intensity range (NG-3222.2),
thermal stress ratchet (NG-3222.5), and progressive
distortion of nonintegral connections (NG-3227.3) need
not be satisfied 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
NG-3222.2, NG-3222.5, and NG-3227.3 at a specific loca-
tion, the structural action shall be calculated on a plastic
basis, and the design shall be considered to be acceptableif
shakedown occurs (as opposed to continuing deforma-
tion). However, this shakedown requirement neéd hot
be satisfied for materials having a minimuny specified
yield strength to specified minimum ultimate‘strength
ratio of less than 0.80, provided the maximum accumu-
lated local strain at any point, as aresult 6feyclic operation
to which plastic analysis is applied, doesnot exceed 5.0%.
In all cases, the deformations that-occur shall not exceed
specified limits.

(b) In evaluating stresses-for’ comparison with fatigue
allowables, the numerically’ maximum principal total
strain range calculated-on a plastic basis shall be multi-
plied by one-half of the'modulus of elasticity of the mate-
rial (Section II, PattyD, Subpart 2, Table TM) at the mean
value of the témperature of the cycle.

NG-3228:2 Limit Analysis.

(a)” For Design, Level A, and Level B Service Loadings,
the primary stress limits of NG-3221.1, NG-3221.2, and
NG=3222.1 need not be satisfied at a specific location if
the service loadings do not exceed the requirements of
(1) or (2) below for the lower bound limit load L,
(NG-3213.21). The lower bound limit load L; may be
determined by analysis or by test (test collapse load
per Section III Appendices, Mandatory Appendix II, II-
1430), using a material yield point equal to 1.5 times

the allowable stress intensity S, at temperature, where
Sm is given in Section II, Part D, Subpart 1, Tables 2A
and 2B.

(1) Except for the materials identified in (2) below,
the specified loadings shall not exceed %, of L.

(2) For materials of Section II, Part D, Subpart 1,
Table 2A to which Note G7 applies and Table 2B to
which Note G1 applies, the specified loadings shall not
exceed the product of L, and the applicable permanent
strain-limiting factor of Section II, Part D, Subpart™1,
Table Y-2.

(b) For Level C Service Loadings, the printary stress
limits of NG-3224.1(a) need not be satisfiedat a specific
location if the service loadings do not exceed 1.5 times the
limits of (a) above, with L; determined‘asdescribed in (a).

(c) For Level D Service Loadings/with materials iden-
tified in (a)(2) above, the specified loadings shall not
exceed 2 times the limits of\(a)(2), with L, determined
as described in (a). Forzall"other materials, the limit
analysis shall comply, with' Section III Appendices, Man-
datory Appendix XXVIL

NG-3228.3 Simplified Elastic-Plastic Analysis. The
35S, limit on ‘the range of primary plus secondary
stress intensity (NG-3222.2) may be exceeded, provided
that thé requirements of (a) through (f) below are met

(a)~The range of primary plus secondary membrane
plus.bending stress intensity, excluding thermal stresses,
shall be <35,,..

(b) The value of S, used for entering the design fatigue
curve is multiplied by the factor K,, where

K, = 1.0 for S, <3S,
1 — S
1.0 + M " — 1|for
n(m — 1)\ 3S,,
T3S, < S, < 3mS,
=1/nforS, > 3mS,,
where

S, = range of primary plus secondary stress intensity

The values of the material parameters m and n for the
various classes of permitted materials are as given in
Table NG-3228-1.

(c) The rest of the fatigue evaluation stays the same as
required in NG-3222.4, except that the procedure of
NG-3227.6 need not be used.

(d) The component meets the thermal ratcheting
requirement of NG-3222.5.

(e) The temperature does not exceed those listed in
Table NG-3228-1 for the various classes of materials.
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Table NG-3228-1
Values of m, n, and T ,,, for Various Classes of Permitted

Materials
Material m n Tiax °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)

GENERAL NOTE: Ty, is the maximum metal temperature.

(f) The material shall have a specified minimum yield
strength to specified minimum tensile strength ratio of
less than 0.80.

NG-3228.4 Experimental Analysis.

(a) For Level A and Level B Service Loadings, the
primary stress limits of NG-3222.1 need not be satisfied
inastructure if it can be shown from the test of a prototype
or model that the specified loadings (dynamic or static
equivalent) do not exceed 44% of L, (NG-3213.23),
and (d) below is satisfied.

(b) For Level C Service Loadings, the primary stress
limits of NG-3224.1(a) need not be satisfied if it can be
shown from the test of a prototype or model that the spéci-
fied loadings (dynamic or static equivalent) do not exceed
60% of L, (NG-3213.23), and (d) below is satisfied.

(c) For Level D Service Loadings, the specified.dynamic
or equivalent static loads shall not exceed 80% of the ulti-
mate collapse load as obtained from test®,.)P, is defined as
the load at which the horizontal tangent to the load defor-
mation curve occurs, or 80% of aload'combination used in
the test of a prototype or model, Paragraph (d) below shall
also be satisfied.

(d) In using this method, account shall be taken of the
size effect and dimensjonal tolerances that may exist
between the actual part and test part or parts, as well
as differences that’may exist in the ultimate strength
or other goverhing material properties of the actual
part and thetested parts to ensure that the loads obtained
from the test'are a conservative representation of the load-
carrying capability of the actual structure under the postu-
latedService Loadings.

NG-3229 Design Stress Values and Material
Properties

The design stress intensity values S, are given in
Section II, Part D, Subpart 1, Tables 2A and 2B for core
support structure material. Values for intermediate
temperatures may be found by interpolation. These
form the basis for the various stress limits. Values of
yield strength are given in Section II, Part D, Subpart

1, Table Y-1. Values of the coefficient of thermal expansion
are in Section II, Part D, Subpart 2, Table TE, and values of
the modulus of elasticity are in Section II, Part D, Subpart 2,
Table TM. The basis for establishing stress values is given
in Section III Appendices, Mandatory Appendix III. The
design fatigue curves used in conjunction with
NG-3222.4 are those of Section IIl Appendices, Mandatory.
Appendix 1.

NG-3230 STRESS LIMITS FOR THREADED
STRUCTURAL FASTENERS

NG-3231 Design Conditions

(a) The rules of this paragraph™apply to mechanical
connections joining parts in_core support structures
located within a pressure-retdining boundary. Devices
which are used to assemble structural elements of core
support structures are referred to as threaded structural
fasteners. The desigistress intensity values S, and yield
strength values S, for threaded structural fasteners shall
be the values givenin Section II, Part D, Subpart 1, Tables
2A and 2B and'in Section II, Part D, Subpart 1, Table Y-1,
respectively.

(b) The special stress limits of NG-3227 do not apply to
threaded structural fasteners. For connections joining
parts of pressure-retaining boundaries see Section III
Appendices, Mandatory Appendix XIII, Article XIII-4000.

NG-3232 Level A Service Limits

The number and cross-sectional area of threaded struc-
tural fasteners shall be such that the stress intensity limits
of this paragraph are satisfied for the Service Loadings for
which Level A Limits are designated in the Design Speci-
fications. The stress intensity limits are summarized in
Figure NG-3232-1. Any deformation limit prescribed in
the Design Specifications shall be considered. The total
axial load transferred through the fastener threads
shall not go to or through zero during the specified
Service Loadings.

NG-3232.1 Average Stress. Elastic analysis of specified
conditions shall show that the average stress, including
stress from preload for primary plus secondary stress,
meets the following requirements:

(a) The maximum value of the primary plus secondary
membrane stress intensity averaged across either the area
of the fastener shank or the tensile stress area of the
threads shall be no greater than the lesser of either
0.9S, or 2.5, where S, and S, are determined at
service temperature. Alternatively, a limit analysis
using the methods of NG-3228.2, or experimental analysis
using the methods of NG-3228.4, may be performed.

(b) The average primary plus secondary shear stress
across the threads when loaded in pure shear shall be
no greater than 0.6S,, where S, is determined at
service temperature.

(21)
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(21)

(21)

Figure NG-3232-1
Stress Intensity Limits for Design of Threaded Structural Fasteners

Stress

Categories Average Stress

Maximum Stress

[Notes (1) and (2)] Peak Stresses

—| Primary + Secondary

| Pn+ Qpn+ P,+ Qg |

|Pm+0m+Pb+OB+F |

@ Membrane

Lesser of these

in shank or threads
[NG-3232.1(a)]
[Note (3)]

or

For Level A
and Level B
Service Limits

Thread shear
[NG-3232.1(b)]

Bearing
under head
[NG-3232.1(c)]

Membrane
Shank or threads
[NG-3232.1(d)]

Thread shear
[NG-3232.1(f)]

)

Lesser of these
in shank or threads
[NG-3232.2(a)]
[Note (3)]

(NG-3232:3)

NOTES:

(1) Q,, are secondary membrane stresses.
(2) Qp are secondary bending stresses.
(3) For torquing during installation, see NG-3232.2(b).

(c) The average value of primary plus secondary
bearing stress under the fastener headishall be no
greater than 2.7S,, where S, is determined at service
temperature.

(d) The primary membrane stress'intensity P, due
only to Design Mechanical Loads@pplied to the fastener
shall be no greater than S,,, where S, is determined at
service temperature.

(e) The primary shear-stress across the threads when
loaded in pure shear dueonly to Design Mechanical Loads
applied to the fasfener shall be no greater than 0.6S,,
where §,, is detetmined at service temperature.

NG-3232.2 -Maximum Stress.

(a) The maximum primary membrane and bending
plus'secondary membrane and bending stress intensities,
including stress from preload but excluding effects of
stress concentrations, shall be no greater than 1.33
times the limits of NG-3232.1(a). Alternatively, a limit
analysis using the methods of NG-3228.2, or experimental
analysis using the methods of NG-3228.4, may be
performed.

(b) For torquing during installation of fasteners, the
maximum value of membrane stress intensity shall be
no greater than 1.2 times the limits of NG-3232.1(a),
and the maximum value of membrane plus bending
stress intensity shall be no greater than 1.2 times the
limits of (a) at installation temperature. Note that the
alternate analyses permitted in NG-3232.1(a) and
NG-3232.2(a) do not apply for torquing during installa-
tion.

NG-3232.3 Fatigue Analysis of Threaded Structural
Fasteners. Unless threaded structural fasteners meet
the conditions of NG-3222.4(d) and thus require no
fatigue analysis, the suitability of threaded structural
fasteners for cyclic service shall be determined in accor-
dance with the procedures of (a) through (e) below.

(a) Threaded Structural Fasteners Having Less Than 100
ksi (690 MPa) Tensile Strength. Fasteners made of material
which has specified minimum tensile strength of less than
100 ksi (690 MPa) shall be evaluated for cyclic service by
the methods of NG-3222.4(e), using the applicable design
fatigue curves of Section III Appendices, Mandatory
Appendix I and an appropriate fatigue strength reduction
factor [see (c)].
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(b) High-Strength Threaded Structural Fasteners. High-
strength fasteners may be evaluated for cyclic service by
the methods of NG-3222.4(e) using the applicable design
fatigue curve of Section IIl Appendices, Mandatory Appen-
dix I, provided

(1) the maximum value of primary and secondary
stresses, including preload, at the periphery of the
fastener cross section (resulting from direct tension
plus bending and neglecting stress concentrations)
shall not exceed 0.95,, where S, is determined at
service temperature

(2) threads shall have a minimum thread root radius
no smaller than 3 mils (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 0.06

(c) Fatigue Strength Reduction Factor (NG-3213.16).
Unless it can be shown by analysis or tests that a
lower value is appropriate, the fatigue strength reduction
factor used in the fatigue evaluation of threaded members
shall not be less than 4 for the threaded region. However,
when applying the rules of (b) for high-strength fasteners,
the value used shall not be less than 4 for the threaded
region.

(d) EffectofElastic Modulus. Multiply S, (NG-3216.1 or
NG-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 th€
corresponding number of cycles on the abscissa Ifithe
service cycle being considered is the only one,which
produces significant fluctuating stresses, this isithe allow-
able number of cycles.

(e) Cumulative Damage. The fasteners shall be accept-
able for the specified cyclic application of loads and
thermal stress provided the cumulative usage factor U
as determined in NG-3222.4(e)(5)-does not exceed 1.

NG-3233 Level B Service Limits
Level A Service Limits;(NG-3232) apply.

NG-3234 Level.C)Service Limits for Threaded
Structural Fasteners

The nuber and cross-sectional area of threaded struc-
tural fasteners shall be such that the requirements of
NG-8224 are satisfied for the Service Loadings for
which Level C Limits are designated in the Design Speci-
fications. For high-strength structural fasteners [specified
minimum tensile strength S, = 100 ksi (690 MPa)], the
limits of NG-3232.1 and NG-3232.2(a) also apply for
these Service Loadings. Any deformation limit prescribed
in the Design Specifications shall be considered.

NG-3235 Level D Service Limits for Threaded
Structural Fasteners

The number and cross-sectional area of threaded struc-
tural fasteners shall be such that the requirements of
Section Il Appendices, Mandatory Appendix XXVII are
satisfied for the Service Loadings for which Level D
Limits are designated [NCA-2142.4(b)(4)] in_-the
Design Specifications. Any deformation limit prescribed
in the Design Specifications shall be considered. The
following stipulations apply when using Section Il Appen-
dices, Mandatory Appendix XXVII:

(a) The stress limits for high strength/threaded struc-
tural fasteners with specified minimum ultimate tensile
strength greater than or equal t§100 ksi (690 MPa) at
operating temperatures for cofé support structure appli-
cations are as given in (1) thtough (3) below. The require-
ments of XXVII-2310(b)%ahd Article XXVII-3000 do not
apply.

(1) For compenent elastic analysis, combined with
either elastic or inelastic system analysis, P,, shall not
exceed 2S,, and/P,, + P, shall not exceed 3S§,,.

(2) Forcomponent plastic analysis, combined with
either elastic or inelastic system analysis, P, shall not
exceed 2S,,, and maximum primary stress intensity
shallnot exceed the larger of 0.67S,, and [S, + () (Sue
»5,)], but not to exceed 0.9S, where S, is defined as
the value of ultimate stress obtained from the true
stress-strain curve and S, is defined as the value of ulti-
mate stress from an engineering stress-strain curve.

(3) For component limit analysis, combined with
either elastic or inelastic system analysis, in lieu of satis-
fying the limits on P,, and P,, + P, the specified loadings
shall notexceed 1.33L; (NG-3213.21), with L, determined
in accordance with NG-3228.2.

(b) The stress limits for threaded structural fasteners
with specified minimum ultimate tensile strength less
than 100 ksi (690 MPa) at operating temperatures
shall be determined in accordance with Section III Appen-
dices, Mandatory Appendix XXVII, Article XXVII-3000. The
requirements of XXVII-2310(b) and XXVII-3600 do not

apply.

NG-3300 CORE SUPPORT STRUCTURE
DESIGN

NG-3310 GENERAL REQUIREMENTS
NG-3311 Acceptability

The requirements for acceptability of a core support
structure design are given in (a) through (c).

(a) The design shall be such that the requirements of
NG-3100 and NG-3200 are satisfied.

(b) The requirements of NG-3300 are satisfied. In case
of conflict between NG-3200 and NG-3300, the require-
ments of NG-3300 shall govern.

(21)

45


https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NG (ASME BPVC Section 3 Division 1 NG) 2021.pdf

ASME BPVC.IIL.1.NG-2021

(c) The requirements of this subarticle apply to
internal structures, NG-1122, only as specifically stipu-
lated by the Certificate Holder; however, the Certificate
Holder shall certify that the design used for the internal
structures shall not adversely affect the integrity of the
core support structure.

NG-3320 DESIGN CONSIDERATIONS
NG-3321 Design and Service Loadings
The provisions of NG-3110 apply.

NG-3322 Special Considerations
The provisions of NG-3120 apply.

NG-3323 General Design Rules

The provisions of NG-3130 apply, except when they
conflict with rules of this subarticle. In case of conflict,
this subarticle governs in the design of core support
structures.

NG-3350 DESIGN FOR WELDED CONSTRUCTION
NG-3351 Welded Joint Categories

(a) The term category as used herein defines the loca-
tion of a joint. The categories established by this para-
graph are for use elsewhere in this Subsection to
identify special restrictions regarding type of joint
permitted for the location. Figures NG-3351(a)-1 and
NG-3351(a)-2 illustrate locations of some typical
welded joints in each category. Joints whose design. func-
tions are neither to restrain nor support the core donot fall
into any category.

(b) The types of joints that may be used-at\the various
locations are defined in NG-3352.

NG-3351.1 Joints of Category A. Joirits of Category A
are longitudinal joints in cylindrica’members. Category
A joints may be of Type |, 1], or, with the following restric-
tion, Type IV. When a Type IV;joint is used in Category A,
the quality factor shall be one-half that permitted for Type
I or II by Table NG-3352-1 for the examination used.

NG-3351.2 Joints of Category B. Joints of Category B
are girth welds\in cylindrical members. Category B
joints may be of Type [, 1], or, with the following restriction,
Type IV oxVeWhen Type IV or Vjoints are used in Category
B, the quality factor shall be one-half that permitted for
TypeLor Il by Table NG-3352-1 for the examination used.

NG-3351.3 Joints of Category C. Joints of Category C
are primarily for joining flanges to cylinders. Category
C joints may be of Type [, I, III, or, with the following
restriction, Type IV or V. When Type IV or V joints are
used in Category C, the quality factor shall be one-half
that permitted for Type I or Il by Table NG-3352-1 for
the examination used.

NG-3351.4 Joints of Category D. Joints of Category D
are primarily for attaching nozzles to other members.
Category D joints may be of Type I, 1], II], IV, V, VI, or VIL

NG-3351.5 Joints of Category E. Joints of Category E
are for joints at the ends of webs of beams. Category E
joints may be of Type I, II, III, IV, V, VI, VII, or VIIIL

NG-3352 Permissible Types of Welded Joints

Subject to the limitations given in NG-3351,.core
support structures may use any of the types.afjoints
described in the following subparagraphs,providing
the quality factor, n, and fatigue factor f,‘@ised in the
analysis meet the requirements of Table NG-3352-1 for
the method of examination employed. The quality
factor is used by multiplying the‘allowable stress limit
for primary and secondary categoties times the quality
factor in evaluating the design./The use of weld quality
factor, n, is for static,net fatigue applications. In
performing a fatigue analysis, use the fatigue factor, f,
designated in Table'NG-3352-1, and the applicable
fatigue curve im\Section III Appendices, Mandatory
Appendix L.

NG-3352.1 Type | Joints. Full penetration welds
between plates or other elements that lie approximately
in the.same plane or have an offset angle not greater than
30, deg meet the intent of this subparagraph when made
either as double welded butt joints, or with consumable
inserts or gas backup, or with metal backing strips thatare
later removed, provided the backface of such joints meets
the requirements of NG-4424.

NG-3352.2 Type Il Joints. Full penetration welds
between plates or other elements meet the intent of
this subparagraph when made either according to
NG-3352.1 or with edges of the joint prepared with
opposing lips to form an integral backing strip, or with
metal backing strips which are not later removed,
except that the suitability for cyclic operation shall be
analyzed by the method of NG-3222.4 (when used,
backing strips shall be continuous and any splices shall
be full penetration welded).

NG-3352.3 Type Il Joints. Full penetration welds
between plates or other elements that may have an
offset angle up to 90 deg meet the intent of this subpar-
agraph when either made according to NG-3352.2 or are
corner welds. Attachment of connections using deposited
weld metal as reinforcement and oblique connections
meet the intent of this subparagraph.

NG-3352.4 TypelV Joints. Partial penetration welds of
double groove design (minimum depth of each groove
equals one-eighth times the thickness of the thinnest
element) meet the intent of this subparagraph when
the area of the connection is determined by the
product of the throat thickness times the length of welds.
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Figure NG-3351(a)-1
Typical Locations of Joints of Several Categories

e — 1
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Table NG-3352-1
Permissible Welded Joints and Design Factors

Quality Factor and Fatigue Factor [Note (1)]

RT or UT
Permissible [Note (2)] Progressive PT Root and Final Surface PT
for Category and PT or or MT PT or MT or MT Surface Visual
Shown MT Examination = Examination Examination Examination Examination
Type of Welded Joint Below NG-5220 NG-5231 NG-5232 NG-5233 NG-5260
L Full penetration AB,CDE n=10f=1 n=09f=1 n=075f=1 n=065f=1 n=05fs1
IL. Full penetration A B, CDE n=10f=2 n=09f=2 n=075f=2 n=065f=2 n=05f=2
11 Full penetration C,DE n=10f=1 n=09f=1 n=075f=1 n=065f=1 n=05f=1
[Note (3)] [Note (3)] [Note (3)] [Note (3)]
IV. Double groove (RT A, B,C n=05f=4 n=045f=4 n=04f=4 n=035f=4 n=025f=4
not applicable) D, E n=09f=4 n=08f=4 n=07f=4 n=06f54 n=04f=4
V. Double fillet (RT not B, C n=05f=4 n=045f=4 n=04f=4 n = 0,35£= 4 n=025f=4
applicable) D, E n=09f=4 n=08f=4 n=07f=4 nz06f=4 n=04f=4
VL Single groove (RTnot D, E n=06f=4 n=055f=4 n=045f=4 n=04f=4 n=035f=4
applicable)
VIL Single fillet (RT not D, E n=06f=4 n=055f=4 n=045f=14 n=04f=4 n=035f=4
applicable)
VIII.  Intermittent fillet or E Not applicable n=045f=4 n=04f=% n=035f=4 n=03f=4
plug
NOTES:
(1) See NG-3352 for definitions.
(2) Electroslag butt welds shall be examined by radiography. Electroslag welds-in ferritic material shall also be examined for their full length by
the ultrasonic method after a grain refining heat treatment, when performed, or after a postweld heat treatment.
(3) Aminimum fatigue strength reduction factor of 1.0 is permitted whenboth sides of weld are examined; otherwise a factor of 2.0 mustbe used

in analysis for cyclic operation.

NG-3352.5 Type V Joints. Double fillet welds me€t the
intent of this subparagraph when the area of the ¢onnec-
tion is determined by the product of the theprétical throat
thickness times the length of the wé€lds (Figure
NG-4427-1). Joints made having onesside a single fillet
and the other side a single groove neet the intent of
this subparagraph.

NG-3352.6 Type VlJoints.Partial penetration welds of
single groove design meet the“intent of this subparagraph
when the area of the eonnection is determined as the
product of the weld-throat thickness times the length
of weld.

NG-3352.7 Type VIl Joints. Single fillet welds meet the
intent of this\Subparagraph when the area of the connec-
tion is detefmined as the product of the theoretical throat

thickness of the fillet welds times the length of weld
(Figure NG-4427-1).

NG-3352.8 Type VIl Joints. Intermittent fillet or plug
welds meet the intent of this subparagraph when the area
of the intermittent fillet weld connection is determined as
the product of the theoretical throat thickness times the
sum of weld lengths and the area of plug weld connection
is determined as the product of the number of plug welds
times the area of the minimum cross section.

NG-3352.9 Limitations on Types of Joints. The type of
joint used for service shall be one of those permitted for
the Category of the joint (NG-3351). Reduced quality
factors must be used for certain types of joints when
used in Categories A, B, and C (Table NG-3352-1).

49


https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NG (ASME BPVC Section 3 Division 1 NG) 2021.pdf

ASME BPVC.IIL.1.NG-2021

ARTICLE NG-4000
FABRICATION AND INSTALLATION

NG-4100 GENERAL REQUIREMENTS
NG-4110 INTRODUCTION

(a) Core support structures (NG-1121) shall be manu-
factured and installed in accordance with the require-
ments of this Article and shall be manufactured from
materials which meet the requirements of Article
NG-2000.

(b) The rules of this Article apply to the internal struc-
tures (NG-1122) only as specifically implemented by the
Certificate Holder; however, the Certificate Holder shall
certify that each internal structure has been fabricated
so as to avoid creating an adverse effect on the integrity
of the core support structure.

NG-4120 CERTIFICATION OF MATERIAL AND
FABRICATION BY CERTIFICATE HOLDER

NG-4121 Means of Certification

The Certificate Holder for an item shall certify, by appli
cation of the appropriate Certification Mark and comple-
tion of the appropriate data report in accordance) with
NCA-8000, that the materials used comply with the re-
quirements of Article NG-2000 and that the.fabrication
and installation comply with the requirements of this
Article.

NG-4121.1 Certification of Treatments, Tests, and
Examinations. If the Certificate ‘Holder performs treat-
ments, tests, repairs, or gxaminations required by
other Articles, he shall certify that he has fulfilled such
requirements. Reports™of all required treatments and
of the results of allyequired tests, repairs, and examina-
tions performed:shall be available to the Inspector.

NG-4121.2 Repetition of Tensile or Impact Tests. If
during the fabrication or installation of the item the mate-
rial is(subjected to heat treatment that has not been
covéred by treatment of the test coupons (NG-2200),
afidythat may reduce either tensile or impact properties
below the required values, the tensile and impact tests
shall be repeated by the Certificate Holder on test speci-
mens taken from test coupons which have been taken and
treated in accordance with the requirements of Article
NG-2000.

NG-4122 Material Identification

Material for core support structures shall carty identi-
fication markings which will remain distinguishable until
the core support structure is fabricated.or installed. If the
original identification markings arecut'off or the material
is divided, the marks shall be accdrately transferred to the
parts or a coded marking shall’be used to assure identi-
fication of each piece of material during subsequent fabri-
cation or installation, thless otherwise provided by
NG-2150. Material supplied with a Certificate of Compli-
ance and welding dnd brazing material shall be identified
and controlled So*that they can be traced to the core
support structure, or else a control procedure shall be
employed\which ensures that the specified material is
used.

NG<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 NG-4000, may be performed by the persons who
perform or supervise the work. These visual examinations
are not required to be performed by personnel and proce-
dures qualified to NG-5500 and NG-5100, respectively,
unless so specified.

NG-4125 Testing of Welding Material

All welding material shall meet the requirements of
NG-2400.

NG-4130 REPAIR OF MATERIAL
NG-4131 Elimination and Repair of Defects

Material originally accepted on delivery in which
defects exceeding the limits of NG-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 NG-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 NG-5130
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