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FOREWORD"

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Vessel Committee was superseded by the following committees:

(a) Committee on Power Boilers (1)

(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)

(g9) 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 compo-
nents and transport tanks. For nuclear items other than pressuse-retaining components, the Committee also establishes
rules of safety related to structural integrity. The Committee’also interprets these rules when questions arise regarding
their intent. The technical consistency of the Sections of-the Code and coordination of standards development activities
of the Committees is supported and guided by the T€chnical Oversight Management Committee. This Code does not ad-
dress other safety issues relating to the construction of boilers, pressure vessels, transport tanks, or nuclear compo-
nents, or the inservice inspection of nuclear.components or transport tanks. Users of the Code should refer to the
pertinent codes, standards, laws, regulationsyor other relevant documents for safety issues other than those relating
to pressure integrity and, for nuclear items other than pressure-retaining components, structural integrity. Except for
Sections XI and XII, and with a few oth€r exceptions, the rules do not, of practical necessity, reflect the likelihood and
consequences of deterioration in service related to specific service fluids or external operating environments. In formu-
lating the rules, the Committee considers the needs of users, manufacturers, and inspectors of components addressed by
the Code. The objective of the rules is to afford reasonably certain protection of life and property, and to provide a mar-
gin for deterioration in service'to give a reasonably long, safe period of usefulness. Advancements in design and materi-
als and evidence of experience have been recognized.

This Code contains'mandatory requirements, specific prohibitions, and nonmandatory guidance for construction ac-
tivities and inservicednspection 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 judgments must
be congistent with Code philosophy, and such judgments must never be used to overrule mandatory requirements or
specifi¢ 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

" 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 con-
sensus 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,

certification, and Overpressure protection.
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neither requires nor prohibits the use of computers for the design or analysis of components constructed to the require-
ments of the Code. However, designers and engineers using computer programs for design or analysis are cautioned that
they are responsible for all technical assumptions inherent in the programs they use and the application of these pro-
grams to their design.

The rules established by the Committee are not to be interpreted as approving, recommending, or endorsing any pro-
prietary 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 pre-
sented to the Committee for appropriate action. The action of the Committee becomes effective only after confirmation
by ballot of the Committee and approval by ASME. Proposed revisions to the Code approved by the Committee are sub-
mitted to the American National Standards Institute (ANSI) and published at http://go.asme.org/BPVCPublicReview to
invite comments from all interested persons. After public review and final approval by ASME;révisions are published at
regular intervals in Editions of the Code.

The Committee does not rule on whether a component shall or shall not be constructéd to the provisions of the Code.
The scope of each Section has been established to identify the components and parameters considered by the Committee
in formulating the Code rules.

Questions or issues regarding compliance of a specific component with the Code rules are to be directed to the ASME
Certificate Holder (Manufacturer). Inquiries concerning the interpretation of the Code are to be directed to the Commit-
tee. ASME is to be notified should questions arise concerning improper use*of the ASME Single Certification Mark.

When required by context in this Section, the singular shall be interpreted as the plural, and vice versa, and the fem-
inine, masculine, or neuter gender shall be treated as such other gender as appropriate.

The words “shall,” “should,” and “may” are used in this Standard.as follows:

- Shall is used to denote a requirement.

- Should is used to denote a recommendation.

- May is used to denote permission, neither a requirément nor a recommendation.
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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 accérdance
with the requirements of the ASME Boiler and Pressure Vessel Code. It is the aim of the Society to provide recognition
of organizations so authorized. An organization holding authorization to perform various activities in accordance with
the requirements of the Code may state this capability in its advertising literature.

Organizations that are authorized to use the ASME Single Certification Mark for marking items er\constructions that
have been constructed and inspected in compliance with the ASME Boiler and Pressure Vessel-Cade are issued Certifi-
cates of Authorization. It is the aim of the Society to maintain the standing of the ASME Single Certification Mark for the
benefit of the users, the enforcement jurisdictions, and the holders of the ASME Single Cettification Mark who comply
with all requirements.

Based on these objectives, the following policy has been established on the usage‘in-advertising of facsimiles of the
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” any.iterm, construction, or activity and there
shall be no statements or implications that might so indicate. An organization-holding the ASME Single Certification Mark
and/or a Certificate of Authorization may state in advertising literature thatitems, 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.

” o«

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 inclides requirements for materials, design, fabrication, examination, inspection, and stamping. Items
constructed in accorddnce with all of the applicable rules of the Code are identified with the ASME Single Certification
Mark describedsin the governing Section of the Code.

Markings such*as “ASME,” “ASME Standard,” or any other marking including “ASME” or the ASME Single Certification
Mark shallnpt’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
thatall Code requirements have been met when, in fact, they have not been. Data Report Forms covering items not fully
complying with ASME requirements should not refer to ASME or they should clearly identify all exceptions to the ASME
requirements.
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CORRESPONDENCE WITH THE COMMITTEE

General

ASME codes and standards are developed and maintained by committees with the intent to represent the consensus of
concerned interests. Users of ASME codes and standards may correspond with the committees to propose revisions or
cases, report errata, or request interpretations. Correspondence for this Section of the ASME Boiler and Pressure
Vessel Code (BPVC) should be sent to the staff secretary noted on the Section’s committee web page,accessible at
https://go.asme.org/CSCommittees.

NOTE: See ASME BPVC Section II, Part D for guidelines on requesting approval of new materials. See Section Il,\Rart C for guidelines on re-
questing approval of new welding and brazing materials (“consumables”).

Revisions and Errata

The committee processes revisions to this Code on a continuous basis to incorporate:¢hanges that appear necessary or
desirable as demonstrated by the experience gained from the application of the €ode. Approved revisions will be pub-
lished in the next edition of the Code.

In addition, the committee may post errata and Special Notices at http://go.@sme.org/BPVCerrata. Errata and Special
Notices become effective on the date posted. Users can register on the committee web page to receive e-mail notifica-
tions of posted errata and Special Notices.

This Code is always open for comment, and the committee weleones proposals for revisions. Such proposals should
be as specific as possible, citing the paragraph number(s), the ptéposed wording, and a detailed description of the rea-
sons for the proposal, including any pertinent background jdformation and supporting documentation.

Cases

(a) The most common applications for cases are
(1) to permit early implementation of a revision based on an urgent need
(2) to provide alternative requirements
(3) to allow users to gain experience with alternative or potential additional requirements prior to incorporation
directly into the Code
(4) to permit use of a new materjal* or process
(b) Users are cautioned that not'all jurisdictions or owners automatically accept cases. Cases are not to be considered
as approving, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom of manufacturers,-.constructors, or owners to choose any method of design or any form of construction that
conforms to the Code.
(c) The committee will-consider proposed cases concerning the following topics only:
(1) equipment to:be marked with the ASME Single Certification Mark, or
(2) equipment to be constructed as a repair/replacement activity under the requirements of Section XI
(d) A proposed’case shall be written as a question and reply in the same format as existing cases. The proposal shall
also include the following information:
(1)(a statement of need and background information
(2)the urgency of the case (e.g., the case concerns a project that is underway or imminent)
{3) the Code Section and the paragraph, figure, or table number(s) to which the proposed case applies
(4) the edition(s) of the Code to which the proposed case applies
(e) A case is effective for use when the public review process has been completed and it is approved by the cognizant
supervisory board. Cases that have been approved will appear in the next edition or supplement of the Code Cases
books, “Boilers and Pressure Vessels” or “Nuclear Components.” Each Code Cases book is updated with seven Supple-
ments. Supplements will be sent or made available automatically to the purchasers of the Code Cases books until the
next edition of the Code. Annulments of Code Cases become effective six months after the first announcement of the
annulment in a Code Case Supplement or Edition of the appropriate Code Case book. The status of any case is available
at http://go.asme.org/BPVCCDatabase. An index of the complete list of Boiler and Pressure Vessel Code Cases and Nu-
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Clear Lode Lases Is avallable at http://go.asme.org/brvCL.
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Interpretations

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

(b) Upon request, the committee will render an interpretation of any requirement of the Code. An interpretation can
be rendered only in response to a request submitted through the online Interpretation Submittal Form at
http://go.asme.org/InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic e-mail con-
firming receipt.

(c) ASME does not act as a consultant for specific engineering problems or for the general application or understand-~
ing of the Code requirements. If, based on the information submitted, it is the opinion of the committee that the inquirer
should seek assistance, the request will be returned with the recommendation that such assistance be obtaified. In-
quirers may track the status of their requests at http://go.asme.org/Interpretations.

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

(e) Interpretations are published in the ASME Interpretations Database at http://go.asme.org/Interpretations as they
are issued.

Committee Meetings

The ASME BPVC committees regularly hold meetings that are open to the publie,-Persons wishing to attend any meet-
ing should contact the secretary of the applicable committee. Information on futuré committee meetings can be found at
http://go.asme.org/BCW.
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ORGANIZATION OF SECTION I

1 GENERAL

Section III consists of Division 1, Division 2, Division 3, Division 4, and Division 5. These Divisions are brokemdown
into Subsections and are designated by capital letters preceded by the letter “N” for Division 1, by the letter “C*for Divi-
sion 2, by the letter “W” for Division 3, by the letter "F" for Division 4, and by the letter “H” for Division 5¢Each Subsec-
tion is published separately, with the exception of those listed for Divisions 2, 3, 4, and 5.

Subsection NCA — General Requirements for Division 1 and Division 2

Appendices

Division 1

Subsection NB — Class 1 Components

Subsection NCD — Class 2 and Class 3 Components
Subsection NE — Class MC Components

Subsection NF — Supports

- Subsection NG — Core Support Structures

Division 2 — Code for Concrete Containments

- Subsection CC — Concrete Containments

(23)

Division 3 — Containment Systems for Transportation and Storage of Spent Nuclear Fuel and High-Level Radioactive

Material

Subsection WC — Class SC Storage Containments

- Subsection WD — Class ISS Internal Support Structlises

Division 4 — Fusion Energy Devices
- Subsection FA — Fusion Energy Device Facilities
- Subsection FB — Pressure Boundary Compgonents
Division 5 — High Temperature Reactors
- Subsection HA — General Requirements

Subpart A — Metallic Materials

Subpart B — Graphite Materials

Subpart C — Composite Materials

- Subsection HB — Class A Metallic Pressure Boundary Components

Subpart A — Low Temperature Service
Subpart B — Elevated Temperature Service

- Subsection HC — Class B Metallic Pressure Boundary Components

Subpart A —\Low Temperature Service
Subpart Bs>=Elevated Temperature Service

- SubsectionnHF — 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

2 SUBSECTIONS

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

subsubparagraphs.

Subsection WA — General Requirements for Division 3
Subsection WB — Class TC Transportation Containments
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3 ARITICLES

Articles are designated by the applicable letters indicated above for the Subsections followed by Arabic numbers, such
as NB-1000. Where possible, Articles dealing with the same topics are given the same number in each Subsection, except
NCA, in accordance with the following general scheme:

Article Number Title
1000 Introduction or Scope
2000 Material
3000 Design
4000 Fabrication and Installation
5000 Examination
6000 Testing
7000 Overpressure Protection
8000 Nameplates, Stamping With Certification MarKk)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, th€ rules have been pre-
pared 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 loweérease 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).

9 REFERENCES

References used within Section III generally fall into one of the following four categories:

(@) References to Other Portions of Section IIl. 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 11, 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 Section

II. These rererences begin with the letter J.

liv


https://asmenormdoc.com/api2/?name=ASME BPVC.III.5 (ASME BPVC Section 3 Division 5) 2023.pdf

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

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

(4) Section X1, Rules for Inservice Inspection of Nuclear Power Plant Components. When a reference is made to inser-
vice inspection, the rules of Section XI shall apply.

(c) Reference to Specifications and Standards Other Than Published in Code Sections

(1) Specifications for examination methods and acceptance standards to be used in connection with them are.pub-
lished 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 specificatioh so desig-
nated by and published by ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

(2) Dimensional standards covering products such as valves, flanges, and fittings are sponsored and published by
The American Society of Mechanical Engineers and approved by the American National Standardsnstitute.” 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 designatiofiin Table NCA-7100-1, for
example ASME B16.5-2003. Standards published by The American Society of Mechanical ‘Engineers are available from
ASME (https://www.asme.org/).

(3) Dimensional and other types of standards covering products such as valves, flanges, and fittings are also pub-
lished by the Manufacturers Standardization Society of the Valve and Fittings Industry and are known as Standard Prac-
tices. When a product is required by these rules to conform to a Standard Practice;for example MSS SP-100, the Standard
Practice referred to is published by the Manufacturers Standardization Sgeiety of the Valve and Fittings Industry, Inc.
(MSS), 127 Park Street, NE, Vienna, VA 22180. The applicable year of jssue’of such a Standard Practice is that suffixed
to its numerical designation in Table NCA-7100-1, for example MSS SR-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 II and are identified
by the AWS designation with the prefix “SF,” for example SEA;5.1.

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

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

(1) Section III Appendices are‘contained in a separate book titled “Appendices.” These appendices have the potential
for multiple subsection applicability. Mandatory Appendices are designated by a Roman numeral followed, when appro-
priate, by Arabic numerals tofindicate various articles, subarticles, and paragraphs of the appendix, such as II-1500 or
XI1I-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.

(2) SubsectionAppendices 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 111 Ap-
pendices, but with a subsection identifier (e.g.,, NF, NH, D2, etc.) preceding either the Roman numeral or the capital letter
for a unjque*designation. For example, NF-1I-1100 or NF-A-1200 would be part of a Subsection NF mandatory or non-
mandatory appendix, respectively. For Subsection CC, D2-1V-1120 or D2-D-1330 would be part of a Subsection CC man-
datery 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.

“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 Amer-
ican 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.

Iv
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SUMMARY OF CHANGES

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

Page Location Change

XXV List of Sections (1) Under Section III, Division 4 added
(2) Title of Section XI and subtitle of Section XI, Division 2\revised
(3) Information on interpretations and Code cases moved to

“Correspondence With the Committee”

XXix Personnel Updated
li Correspondence With the Added (replaces “Submittal of Technical InGuiries to the Boiler and
Committee Pressure Vessel Standards Committees”)
liii Organization of Section III In para. 1, Division 4 added
Ix Cross-Referencing in the Updated
ASME BPVC
4 HAA-3300 Added
5 Table HAA-7100-1 Revised
11 HAB-1110 Subparagraph (b)revised
38 Table HAB-7100-1 Edition year for' ISO/IEC 17025 revised
42 HAB-9200 (1) Definition of EDN deleted
(2) Définition of fluence revised
46 Article HBA-2000 Added
53 HBB-2600 Added
73 Table HBB-3225-2 Last entry and Note (2) revised
75 Table HBB-3225-4A Added
76 Table HBB-322534B Former Table HBB-3225-4 redesignated
103 Table HBB-1-14.1(a) (1) For “2Y,Cr-1Mo,” SA-234, entry under “Types, Grades, or
Classes” revised
(2) For 9Cr-1Mo-V, all entries under “Types, Grades, or Classes”
revised
(3) Notes (1) and (6)(c) revised
104 Table HBB-1-14.1(b) For 9Cr-1Mo-V, entries under “Class” revised
144 Table HBB-1-14.10E-1 Revised in its entirety
151 Figure HBB-11-3000-1 Editorially revised
152 Figure HBB-11-3000-2 Editorially revised
153 Figure HBB-I1-3000-3 Editorially revised
161 Figure HBB-11-3000-11 Editorially revised
163 Figure HBB-11-3000-13 Editorially revised
164

Figure HBB-11-3000-14

Editorially revised
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Page
177

180
188

205

205
226
228

236
263

277
278
279
280
281
282
283
284
285
286
287
288
289
299

363

367
372
389
391

401

Location

HBB-T-1410

HBB-T-1420
Figure HBB-T-1420-1E

Table HBB-T-1820-1

HBB-T-1831
HBB-T-1832
Table HBB-T-1832-3

Figure HBB-T-1832-6
HBB-T-1834

HBB-T-1835

Table HBB-T-1835-2
Figure HBB-T-1835-1
Figure HBB-T-1835-2
Figure HBB-T-1835-3
Figure HBB-T-1835-4
Figure HBB-T-1835-5
Figure HBB-T-1835¢6.
Figure HBB-T-1835-7
Figure HBB-T:1835-8
Figure HBB-T-1835-9
Figure”"HBB-T-1835-10
Figure HBB-T-1835-11

Nonmandatory
Appendix HBB-Z

HGB-2121

HGB-3213

Table HGB-3217-1
Article HGB-1-1000
HGB-1I-2121

HGB-11-3220

Change

(1) In HBB-T-1411, definition of (n); revised
(2) In HBB-T-1413, first paragraph and Step 2 revised
(3) In HBB-T-1414, Step 4 revised

In subpara. (a), paragraph added below equation

(1) In Note (2), third equation, variables to the left of the equal sign
corrected by errata to N,
(2) In Note (2) nomenclature, Ng, corrected by errata to N3

(1) In second column head, “Maximum” corrected. by 'errata to
“Minimum”
(2) Under “Maximum Time,” last entry revised

In subpara. (c), nomenclature corrected by errata
In subpara. (c), nomenclature corrected‘by errata

Under D, second entry “~4.499 x 107'7” corrected by errata to
“-4.499 x 107"

Revised

(1) In subpara. (c), equation for €3, p; corrected by errata to p,
(2) In subpara. (c), equation for a, operators corrected by errata

In subpara. (c), TT corrected by errata to T in definition of Q,
Under Y, nineth entry, “410” corrected by errata to “376”
Revised

Revised

Revised

Revised

Revised

Revised

Revised

Revised

Revised

Revised

Revised

Added

In subpara. (a), cross-reference to Section II, Part D tables corrected
by errata

Endnote 40 revised
Note (6) revised
Subparagraph (d) revised

In subpara. (a), cross-reference to Section II, Part D tables corrected
by errata

Revised

lvii
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Page Location Change

402 HGB-11-3222.4 (1) Endnote 46 revised
(2) Cross-references to Subsection NG replaced by cross-references
to Section III Appendices

404 HGB-11-3224 Revised
404 HGB-1I-3224.1 Subparagraphs (a)(1), (a)(2), (b)(1), (b)(2), (b)(3), and (d) revised
405 HGB-11-3228.3 Revised
405 HGB-11-3229 First paragraph revised
405 HGB-11-3231 Subparagraph (b) revised
431 HHA-2230 First paragraph revised
434 HHA-3130 Revised
435 HHA-3140 Revised
435 HHA-3141 (1) Revised
(2) Figure HHA-3141-1 moved to Article HHA-B-3000 and
redesignated
(3) Figure HHA-3141-2 deleted
436 HHA-3142 HHA-3142.1 and HHA-3142.2 revised
439 HHA-3215.2 Last line revised
439 HHA-3217 Subparagraphs (g)(2) and (g)(3) revised
444 HHA-3237 Revised
448 HHA-4110 Revised
449 HHA-4231 Revised
450 HHA-4241 Révised
450 HHA-4243 First line revised
450 HHA-4250 First paragraph revised
452 HHA-5110 Revised
452 HHA-5210 Subparagraph (f) revised
453 HHA-5400 Revised
453 HHA-5500 First paragraph revised
457 Article HHA-11-2000 (1) First paragraph revised
(2) Forms MDS-1 and MDS-2 and Table HHA-II-2000-1 revised
462 Article HHA-II-3000 Revised in its entirety
470 HHA-I11-3200 Revised
478 Article HHA-B-3000 Revised in its entirety
485 HHB-2111 In second paragraph, last line revised
486 HHB-2130 (1) Subparagraph (b) revised
(2) Subparagraphs (c) and (d) added
486 HHB-2131 Subparagraphs (b) and (c) revised
487 HHB-2220 Subparagraph (c) revised

491 HHB-3130 Definition of R deleted
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Page
491
494
494
494
495
496
496
499
500
502
504
506
508
512

527

542

545
545
546

548
561
576
579
587

594

Location
HHB-3142.1
HHB-3215.2
HHB-3220
HHB-3221
Figure HHB-3221-1
HHB-3226.1
HHB-3227
HHB-4310
HHB-4360
HHB-5310
HHB-6200
HHB-1-1111
Table HHB-1-1120-1
Form MDS-3

Form MDS-4

Table HHB-11-2000-1

HHB-II-3100
HHB-II-3200
HHB-II-3400

HHB-II-3600
HHB-B-1200
HHB-C-1100
HHB-C-1320

Nonmandatory
Appendix HBB-D

Nonmandatory
Appendix HHB-E

Change
Revised

Last line revised

Third paragraph revised

Revised

Revised

Revised

Title and first line revised

First paragraph revised

Revised

Revised

Revised

Subparagraph (d) revised

Items (13), (14), and (23) revised

On seventh page of form, entries below “Design Strength and
Material Reliability Gurve Values” revised

On seventh pagelof form, entries below “Design Strength and
Material Reliability Curve Values” revised

(1) Items (13), (14), and (23) revised
(2) Item:(27) deleted

Eirst sentence revised
Third paragraph revised

In eq. (4), “= -m-In(x) + m:In(S.)” corrected by errata to
“=m-n(x) - m-In(S.)”

In subpara. (a), first sentence revised

Definition of ceramic matrix composite (CMC) revised
Third sentence revised

Fifth paragraph revised

Added

Added
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(23 CROSS-REFERENCING IN THE ASME BPVC

Paragraphs within the ASME BPVC may include subparagraph breakdowns, i.e., nested lists. The following is a guide to
the designation and cross-referencing of subparagraph breakdowns:

(a) Hierarchy of Subparagraph Breakdowns

(1) First-level breakdowns are designated as (a), (b), (c), etc.

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

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

(1) If X.1(c)(1)(-a) is referenced in X.1(c)(1), it will be referenced as (-a).

(2) If X.1(c)(1)(-a) is referenced in X.1(c)(2), it will be referenced as (1)(-a).

(3) If X.1(c)(1)(-a) is referenced in X.1(e)(1), it will be referenced as (c)(1)(-a).
(4) If X.1(c)(1)(-a) is referenced in X.2(c)(2), it will be referenced as\X.1(c)(1)(-a).
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SUBSECTION HA
GENERAL REQUIREMENTS

SUBPART A
METALLIC MATERIALS

ARTICLE HAA-1000
INTRODUCTION

HAA-1100 GENERAL

HAA-1110 SCOPE

The rules of this Subsection HA, Subpart A constitute
the general requirements associated with metallic com-
ponents used in the construction of high temperature re-
actor systems and their supporting systems.

(a) The rules of Subsection HA, Subpart Adre‘contained
in Divisions 1 and 2, Subsection NCA, éxeept for those
paragraphs or subparagraphs (with ntunbered headers)
replaced by corresponding numberéd HAA paragraphs
or subparagraphs in this Subpart or new numbered
HAA paragraphs or subparagraphs added to this Subpart.

(b) Division 1 rules may-use different terminology than
Division 5 (e.g., Class‘and Class 2 versus Class A and
Class B, etc.) but thelapplication and use of these rules
is identical for Division 5 construction.

(c) Division 1,Class 1 requirements are applicable to
Division 5.construction but shall be referred to as Divi-
sion 5, Class A.

(d) Bivision 1, Class CS requirements are applicable to

Division 5 construction but shall be referred to as Divi-
sion 5, Class SM.

(e) Division 1, Class 2 requirements are applicable to
Division 5 construction but shall be referred to as Divi-
sion 5, Class B.

(f) Division 1, Class 3 and Class MC requirements are
not applicable to Division 5 construction.

(g) References to Appendices are to the Section III Ap-

HAA=1120 DEFINITIONS

Befinitions of key terms used in this Division for metal-
lie components are included in Article HAA-9000. The de-
finitions in Article HAA-9000 shall prevail should a
conflict exist with definitions found in Division 1 or in
other documents referenced in this Division. Unless de-
fined in Article HAA-9000, the definitions of Divisions 1
and 2, Article NCA-9000 shall apply.

HAA-1130 LIMITS OF THESE RULES

(a) The rules of this Division for metallic materials pro-
vide requirements for new construction and include con-
sideration of mechanical and thermal stresses due to
cyclic operation and high temperature creep. They do
not cover deterioration that may occur in service as a re-
sult of radiation effects, corrosion, erosion, thermal em-
brittlement, or instability of the material. These effects
shall be taken into account with a view to realizing the de-
sign or the specified life of the components and supports.
The changes in properties of materials subjected to neu-
tron radiation may be checked periodically by means of
material surveillance programs.

(b) The rules are not intended to be applicable to valve
operators, controllers, position indicators, pump impel-
lers, pump drivers, or other accessories and devices, un-
less they are pressure-retaining parts or act as core
support structures or supports. If such items are in a sup-
port load path, the provisions of HFA-1100 apply.

pendices, unless otherwise 1dentified.
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(c) The rules of this Division do not apply to instru-
ments, or permanently sealed fluid-filled tubing systems
furnished with instruments, but do apply to instrument,
control, and sampling piping when specified in Design
Specifications.

(d) Excluding Subsections HF and HH and this Subsec-
tion HA, the Subsections of Division 5 consist of two sub-
parts. Subpart A addresses the rules for low temperature

service and Subpart B addresses the rules for elevated
temperature service. Table HAA-1130-1 establishes the
maximum temperature limits for the material under con-
sideration at which the low temperature service rules
shall be used. Elevated temperature service rules shall
be used for temperatures above those listed in Table
HAA-1130-1 (but limited to temperatures established in
the applicable rules) for the material under consideration.

Table HAA-1130-1
Values of T,,.x for Various Classes of Permitted Materials

Materials

Tmayx, °F (°C)

Carbon steel

Low alloy steel
Martensitic stainless steel
Austenitic stainless steel
Nickel-chromium-iron
Nickel-copper

700 (370)
700 (370)
700 (370)
800 (425)
800 (425)
800 (425)
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ARTICLE HAA-2000
CLASSIFICATION OF COMPONENTS AND SUPPORTS

HAA-2100

HAA-2120 PURPOSE OF CLASSIFYING ITEMS OF
A NUCLEAR POWER PLANT

Construction rules are specified for items that are de-
signated Class A, Class B, and Class SM. These Code classes
are intended to be applied to the classification of items in
high temperature reactor systems and their supporting
systems.

Within these systems, this Division recognizes the dif-
ferent levels of importance associated with the function
of each item as related to the safe operation of the nuclear
power plant. The Code classes allow a choice of rules that
provide assurance of structural integrity and quality com-
mensurate with the relative importance assigned to the
individual items of the nuclear power plant.

HAA-2130 CLASSIFICATIONS AND RULES OF
DIVISION 5

HAA-2131 Code Classes and Rules of Division 5

(a) Division 5 provides rules for the construction of
items in the following Code Classes:
(1) Class A — items constructed in accordance with
the rules of Subsection HB.
(2) Class B — items constructed in accordance with
the rules of Subsection HC.
(3) Class SM — metallic core support structures con-
structed in accordance with the rules of Subsection HG.
(b) Division 5 also provides-tules for

(1) supports for Class A and Class B items) con-
structed in accordance with the rules of Subsection HF

(2) internal structures constructed iivaccordance
with the rules of Subsection HG.

HAA-2133 Multiple Code Class Components

(a) Compartments in compgnents consisting of multi-
ple compartments such asheat exchangers may be as-
signed different Code cldsses, provided any interactions
between compartmeritsiproduced by operating condi-
tions are taken into.account and these conditions are spe-
cified in the Design'Specifications.

(b) Supports‘for multiple Code class components shall
be constructed'in accordance with the rules of Subsection
HF for the more restrictive Code class.

HAA<2134 Optional Use of Code Classes

(a) As an alternative to the rules of Subsection HC, a
component designated as Class B may use the rules of
Subsection HB for construction, but all of the applicable
requirements of Subsection HB (i.e., all applicable
Articles) shall be used.

(b) When (a) above is used, requirements from Subsec-
tion HC shall not be used, with the exception that the com-
ponent remain designated and stamped as a Class B
component.

(c) When (a) and (b) above are used, the Design Spec-
ification and Data Report Form shall identify the use of
this paragraph.
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ARTICLE HAA-3000
RESPONSIBILITIES AND DUTIES

HAA-3100

HAA-3120 CERTIFICATION
HAA-3121 Types of Certificates

Table HAA-8110-1 lists the types of certificates issued
by the Society and indicates the responsibilities assumed
by each Certificate Holder. Further details of these re-
sponsibilities are contained in this Article.

HAA-3200

HAA-3250 PROVISION OF DESIGN
SPECIFICATIONS

HAA-3252 Contents of Design Specifications

(a) The Design Specifications shall contain sufficient
detail to provide a complete basis for Division 5 construc-
tion. Such requirements shall not result in construction
that fails to conform with the rules of this Division. All De-
sign Specifications shall include (1) through (8).

(1) the functions and boundaries of the items cov:
ered [NCA-3211.19(c)]

(2) the design requirements (HAA-2100%and
NCA-2140), including all required overpressureyprotec-
tion requirements (NCA-3211.21)

(3) the environmental conditions, includihg radiation
(see Section III Appendices, Nonmandatery Appendix W
for further insights and guidance)

(4) the Code classification ofithe items covered
(Article HAA-2000)

(5) material requirements; including impact test
requirements

(6) additional fracture-mechanics data for base me-
tal, weld metal, and-heat-affected zone required to use
Section III Appendices, Nonmandatory Appendix G,
Figure G-2210-1\in accordance with Section III Appen-
dices, Nonmandatory Appendix G, G-2110(b), when the
methods of Section Il Appendices, Nonmandatory Appen-
dix G drejused to provide protection against nonductile
fracture for materials that have specified minimum yield
strengths greater than 50.0 ksi (345 MPa) but not

exceeding 90.0 ksi (620 MPa) at room temperature;
where these materials of higher yield strengths.are to
be used in conditions where radiation may affeet\the ma-
terial properties, the effect of radiation on the-K;. curve
shall be determined for the material priofito its use in
construction
(7) when functionality of a compenent is a require-
ment, the Design Specification shall make reference to
other appropriate documentsthat specify those operating
requirements
(8) the effective Code Edition and Code Cases to be
used for construction
Section III Appendices, Nonmandatory Appendix KK
provides additienal guidance on what a Division 5 Design
Specification(should contain as well as additional insights.
(b) The-Design Specification shall identify those compo-
nents and/or parts that require a preservice examination
andsshall include the following:
(1) examination
(-a) Edition of Section XI to be used
(-b) category and method
(-¢) qualifications of personnel, procedures, and
equipment
(2) welds
(-a) surface conditioning requirements
(-b) identification/marking system to be used

HAA-3300

HAA-3310
HAA-3311

HAA-3311.3 Exclusions. Material falling within the
exclusions of HBA-2610 or HBB-2610 and NCD/NF/
NG-2610 or material that is allowed by this Section to
be furnished with a Certificate of Compliance is exempted
from the requirements of NCA-3300, except

(a) Certified Material Test Reports or Certificates of
Compliance shall meet the requirements of NCA-1225.1

(b) for Class A construction only, material identification
and marking shall meet the requirements of NCA-4256.3
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ARTICLE HAA-7000
REFERENCE STANDARDS

HAA-7100 GENERAL REQUIREMENTS

The standards and specifications referenced in the text
of this Division associated with metallic components are
listed in Table HAA-7100-1, unless they are already listed
in Divisions 1 and 2, Table NCA-7100-2. The standards

and specifications associated with nonmetallic compo-
nents are addressed in their respective Subparts of this
Subsection HA. Where reference is made within Division
5 to requirements that are part of the ASME Boiler and
Pressure Vessel Code, they are not included in this Table.

Table HAA-7100-1
Standards and Specifications Referenced in Division 5 Associated With Metallic Components

API 579-1/ASME FFS-1 Fitness-For-Service (FFS)

Standard ID Published Title Division 5 Referenced Edition
American Society for Testing and Materials (ASTM)
ASTM E112 Standard Test Methods for Determining Average Grain Size. 1996 (R2004)
ASTM E1049 Standard Practices for Cycle Counting in Fatigue Analysis 1985 (R2017)

American Petroleum Institute (API) and American Society of Mechanical Engineers (ASME)

2021
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ARTICLE HAA-8000
NAMEPLATES, STAMPING WITH THE CERTIFICATION MARK,
AND REPORTS

HAA-8100 AUTHORIZATION TO PERFORM
CODE ACTIVITIES

HAA-8110 GENERAL

The rules for certificates, nameplates, the Certification
Mark, and Data Reports for metallic components, metallic
supports, and metallic core support structures under Di-
vision 5 shall be the same as those established for Divi-
sion 1 metallic components, metallic supports, and
metallic core support structures. The only change shall
be the use of Division 5 terminology rather than Division
1 (e.g., Class A and Class B rather than Class 1 and Class 2)
terminology and the specification of the Division 5 Sub-
part used.

Authorization to use the official Certification Mark or to
certify work by other means provided in this Subsection
HA, Subpart A (see Table HAA-8110-1) will be granted
by the Society for a 3-yr period pursuant to the provisions
set forth in this Article. Authorization to certify Owner’s
Data Report Forms, N-3 (see Section III Appendices, Man=
datory Appendix V), will be granted pursuant to the/pro=
visions set forth in this Article.

HAA-8200 NAMEPLATES AND STAMPING
WITH CERTIFICATION MARK

HAA-8210 GENERAL REQUIREMENTS
HAA-8211 HAA-8211 Nameplates

Each item and installation to,which a Certification Mark
is applied shall have a nameplate except as otherwise per-
mitted by this subarticle. Marking shall include the
following:

(a) the applicable official Certification Mark as shown
in Table HAA-8310-1

(b) class-of.construction and Designator

(c) the statement “Certified by”

(d) Certificate Holder’s name

(e) Certificate Holder’s serial number and, if‘applicable,
National Board number and/or Canadidnyregistration
number

(f) for line valves, the ANSI pressiire class rating

HAA-8300 CERTIFICATION MARK
HAA-8310 GENERAL-REQUIREMENTS

(a) The Certification Mark shall be applied by the Certi-
ficate Holder onlywith authorization of the Inspector. In
any case, the(Certification Mark shall not be applied until
completiofnr-of the required examination and testing.

(b) Table HAA-8110-1 provides Certification Mark re-
quirements as related to type of certificates, scope of
work; and class of construction. The class of construction
shall be indicated by the applicable letters A, B, or SM
stamped below and outside the official Certification Mark.

(c) The completed Code Data Report Form indicates
that the Inspector has inspected the item and authorized
the application of the Certification Mark. The sequence for
stamping and the completion of the Code Data Report
shall be determined by agreement between the Author-
ized Nuclear Inspector and the Certificate Holder.

HAA-8400 DATA REPORTS
HAA-8410 GENERAL REQUIREMENTS

The appropriate Data Report,! as specified in Table
HAA-8110-1, shall be filled out by the Certificate Holder
or Owner and shall be signed by the Certificate Holder
or Owner and the Inspector for each item to be marked
with a Certification Mark (except as provided for else-
where in this Article).
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ARTICLE HAA-9000
GLOSSARY

HAA-9100 INTRODUCTION

This Article defines selected terms used in this Division
for metallic pressure boundary components and metallic
core support structures. The definitions in this Glossary
shall prevail should a conflict exist with definitions found
elsewhere in Division 1 or other documents referenced in
this Division. Unless defined below, the definitions of Di-
visions 1 and 2, Article NCA-9000 shall apply.

HAA-9200 DEFINITIONS

elevated temperature service: service where the compo-
nent(s) or core support structure(s), during normal, up-
set, emergency, or faulted operating conditions,
experience temperatures in excess of those established
in Table HAA-1130-1 for the material under
consideration.

functionality: the ability of a Division 5 component to per-
form its specified function, including mechanical motion if
appropriate, when subjected to its intended prescribed
service, considering all Design and Service Loadings:

low temperature service: service where the component(s),
support(s), or core support structure(s), during nérmal,
upset, emergency, or faulted operating conditions do
not experience temperatures that exceed these estab-
lished in Table HAA-1130-1 for the mdberial under
consideration.

negligible creep: an amount of créep resulting from ele-
vated temperature service of,such minimal value as to
be easily recognized as not réSulting in the loss of func-
tionality of the component over the design lifetime and
that the specific determination of the magnitude of creep
would not be necessary-since the limits established by Di-
vision 5 for creep.would not be exceeded.

zone of elevated temperature service: a portion of a com-
ponent, subassembly, or piping subassembly (e.g., a vessel
nozzle)+that experiences elevated temperature service. A
zone of‘élevated temperature service can also include an
entire’component, subassembly, or piping subassembly if
applicable.

10
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SUBPART B
GRAPHITE AND COMPOSITE MATERIALS

ARTICLE HAB-1000
INTRODUCTION

HAB-1100 GENERAL

HAB-1110 SCOPE

The rules of this Subpart and Subsection HH constitute
requirements for the design, construction, examination,
and testing of Core Components and Core Assemblies
used within the reactor pressure vessels of nuclear power
plants.

(a) This Subpart contains General Requirement Articles
HAB-1000 through HAB-9000.

(b) Subsection HH contains Technical Rules for Design
and Construction of Nonmetallic Core Components and
Core Assemblies. Subpart A, Graphite Materials, contain§
Articles HHA-1000 through HHA-5000, including Manda=
tory Appendix HHA-I, Mandatory Appendix HHA-II,-Man-
datory Appendix HHA-III, and Nonmandatory Appendix
HHA-A. Subpart B, Composite Materials, contains Articles
HHB-1000 through HHB-6000 and HHB-8000, including
Mandatory Appendices HHB-I, HHB-II,.and HHB-III and
Nonmandatory Appendices HHB-A,"HHB-B, HHB-C,
HBB-D, and HHB-E.

HAB-1120 DEFINITIONS

Definitions of key terms™used in this Subpart and Sub-
section HH are includedin Article HAB-9000. Unless de-
fined in Article HAB=9000, the definitions in Article
NCA-9000 shall-apply.

HAB-1130+. LIMITS OF THESE RULES

The rales of this Subpart and Subsection HH provide re-
quirements for new construction and include considera-
tion of mechanical and thermal stresses due to cyclic
operation. They include consideration of deterioration
that may occur in service as a result of environmental
considerations.

HAB-1140 USE OF CODE EDITIONS AND CASES

(a) See (1) and (2) below.
(1) Under the rules of this Division, the Owner or its
designee shall establish the Code Edition to be included in

plant may be constructed to@ssingle Code Edition, or each
item may be constructed to individually specified Code
Editions.

(2) In no case-shall the Code Edition dates estab-
lished in the Design Specifications be earlier than

(-a) 3wyr-prior to the date that the nuclear power
plant construction permit application is docketed; or

(:b)’ the latest Edition endorsed by the regulatory
authority having jurisdiction at the plant site at the time
the{donstruction permit application is docketed; or

(-c) the Edition endorsed for a design certified or
licensed by the regulatory authority.

(b) Except as permitted in (e) below for materials, Code
Editions later than those established by (a) above may be
used by mutual consent of the Owner or its designee, GC
Certificate Holder, and the Designer. Specific provisions
within an Edition later than those established in the De-
sign Specifications may be used, provided that all related
requirements are met.

(c) Code Cases are permissible and may be used begin-
ning with the date of approval by the ASME Council. Only
Code Cases that are specifically identified as being appli-
cable to this Subpart; Subsection HH, Subpart A; or Sub-
section HH, Subpart B may be used.

(d) Code Cases may be used by mutual consent of the
Owner or its designee, the GC Certificate Holder, and
the Designer on or after the date permitted by (c) above.

(e) Materials produced and certified in accordance with
Code Editions other than the one specified for construc-
tion of an item may be used, provided all of the following
requirements are satisfied:

(1) The material (HAB-1220) meets the applicable
requirements of a material specification permitted by
HHA-2111 or HHB-2111.

(2) The material meets all the requirements of Article
HHA-2000 or Article HHB-2000.

(3) The material was produced under the provisions
of a Quality System Program that had been accepted by

the Design Specirications. All 1tems oI a nuclear power

11
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(HAB-3820), in accordance with the requirements of the
latest Section III Edition issued at the time the material
was produced.

(f) Code Editions [including the use of specific provi-
sions of Editions permitted by (b) and (e) above] and
Cases used shall be reviewed by the Owner or its designee
for acceptability to the regulatory and enforcement
authorities having jurisdiction at the nuclear power plant
site.

(9) Except as otherwise permitted by this Code and sti-
pulated in the Scope of a certificate, the latest Code Edi-
tion shall become mandatory for Quality System
Program (HAB-3800 and HAB-4500) and Quality Assur-
ance (Article HAB-4000) requirements 6 months after
the date of issuance.

HAB-1150 UNITS OF MEASUREMENT

U.S. Customary units, SI, or any local customary units
may be used to demonstrate compliance with all require-
ments of this edition (e.g., materials, design, manufacture,
examination, inspection, testing, and certification).

In general, it is expected that a single system of units
shall be used for all aspects of design except where unfea-
sible or impractical. When Core Components are manu-
factured at different locations where local customary
units are different from those used for the general design,
the local units may be used for the design and documen-
tation of that Core Component. Similarly, for proprietary
Core Components or those uniquely associated with a sys-
tem of units different from that used for the general de:
sign, the alternate units may be used for the design and
documentation of that Core Component.

For any single equation, all variables shall be expressed
in a single system of units. When separate equations are
provided for U.S. Customary and SI units, those equations
must be executed using variables in the gnits associated
with the specific equation. Data expressed in other units
shall be converted to U.S. Customagy or SI units for use
in these equations. The result obtained from execution
of these equations may be converted to other units.

Production, measurement-and test equipment, draw-
ings, and other fabricatiph:documents may be in U.S. Cus-
tomary, SI, or local customary units in accordance with
the fabricator’s practice. When values shown in calcula-
tions and analysis, fabrication documents, or measure-
ment and tést'equipment are in different units, any
conversiohs necessary for verification of Code compliance
and to ensure that dimensional consistency is maintained
shall.be in accordance with the following:

(a) Conversion factors shall be accurate to at least four
significant figures.

(b) The results of conversions of units shall be ex-
pressed to a minimum of three significant figures.

Conversion of units, using the precision specified
above, shall be performed to ensure that dimensional
consistency is maintained. Conversion factors between
U.S. Customary and SI units may be found in Section III,
Appendices, Nonmandatory Appendix AA, Guidance for
the Use of U.S. Customary and SI Units in the ASME Boiler
and Pressure Vessel Code. Whenever local customary,
units are used, the manufacturer shall provide the source
of the conversion factors that shall be subject to yeérifica-
tion and acceptance by the Inspector.

Material that has been manufactured and’certified to
either the U.S. Customary or SI material-specification
may be used regardless of the unit system used in design.

All entries on a Data Report shall’ bein units consistent
with the fabrication drawings fef)the Core Component
using U.S. Customary, SI, or lo€dl.customary units. It is ac-
ceptable to show alternate‘units parenthetically. Users of
this Code are cautioned, that the receiving Jurisdiction
should be contacted to.ensure the units are acceptable.

HAB-1200( GENERAL REQUIREMENTS FOR
ITEMS AND INSTALLATION

HAB-1210 CORE ASSEMBLY

The Core Assembly shall require a Design Specification
(HAB-3250), Design Report (HAB-3350), and other de-
sign documents specified in Article HAB-3000. Data Re-
ports shall be as required in Article HAB-8000.

HAB-1220 MATERIALS

Materials shall be manufactured to the requirements of
Article HHA-2000 or Article HHB-2000.

HAB-1280 INSTALLATION
HAB-1281 Activities and Requirements

The requirements pertaining to installation governing
materials, machining, examination, testing, inspection,
and reporting shall be in accordance with the applicable
rules in Subsection HH, and certification shall be as re-
quired in Article HAB-8000.

HAB-1283 Services

Services such as handling, rigging, setting, temporary
bolting, and temporary aligning may be performed by or-
ganizations that are not GC Certificate Holders as pro-
vided for in HAB-3125.

12
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ARTICLE HAB-2000
CLASSIFICATION OF CORE COMPONENTS

HAB-2100 GENERAL REQUIREMENTS
HAB-2110 SCOPE

Rules for the design and construction of Core Compo-
nents and Core Assemblies are provided in Subsection
HH.

HAB-2130 CODE CLASSES AND RULES OF
DIVISION 5
HAB-2131 Code Classes and Design Rules for

Core Components

Division 5 provides rules for the construction of items
in the following Code Classes:

(a) Items constructed in accordance with the rules of
Subsection HH are assigned to Code Class SN in accor-
dance with the rules of Division 5.

(b) Core Components shall be assigned to Structural
Reliability Classes in the Design Specification
(HHA-3111 or HHB-3111).

HAB-2140 DESIGN BASIS

HAB-2141 Consideration of Plant and<System
Operating and Test Conditions®

(a) Core Components of a nuclear._power system
(HAB-1110) may be subjected to plant and system oper-
ating and test conditions that are«required to be consid-
ered in the design of the Coret€omponents in order to
satisfy applicable systems safety criteria. The significance
of plant and system operating and test conditions upon
design may vary from”itém to item within a system for
a specific operating-or test condition experienced by the
plant or system: The temperatures, pressures, and me-
chanical loads t6"which Core Components are subjected
in consequence of plant or system operating and test con-
ditions are referred to in this Subpart and Subsection HH
as Core Component Design or Service Loadings.

(b) The definition of plant and system operating and
test conditions and the determination of their significance
to the design and functionality of Core Components of a
nuclear power system are beyond the scope of this Sub-
part and Subsection HH. Appropriate guidance for the se-
lection of plant or system operating and test conditions,
which may be determined to be of significance in the se-
lection of Core Component Design and Service Loadings,
the combinations thereof, and the corresponding accept-

documents for specific types of nuclear power 'systems
and may be found in the requirements of regulatory and
enforcement authorities having jurisdiction at’the site.

HAB-2142 Establishment of Design, Service, and
Test Loadings and Limits

In the Design Specification,the Owner or its designee
shall identify the loadingS/and combinations of loadings
and establish the apprepriate Design, Service, and Test
Limits for each Core Component.

(a) Loadings., The'Design and Service Loadings shall be
identified considering all plant or system operating and
test conditiens anticipated or postulated to occur during
the intended service life of the Core Assembly. There
are no-Test Loading requirements established for Core
AsSemblies or Core Components.

(b) Limits. The selection of Design and Service Limits
for each Core Component shall be established in accor-
dance with HAB-2142.4. The rules of this Subpart and
Subsection HH do not ensure functionality of the Core As-
sembly. The selection of limits for Design and Service
Loadings to ensure functionality is beyond the scope of
this Subpart and Subsection HH, Subpart A and Subpart
B. When assurance of functionality is required, it is the re-
sponsibility of the Owner to define the appropriate limit-
ing parameters by referring to documents that specify the
requirements for functionality.

HAB-2142.1 Design Loadings. Design Loadings for
Core Components and Core Assemblies shall be as defined
in Subsection HH.

HAB-2142.2 Service Loadings. When the Design
Specification or Subsection HH, Subpart A or Subpart B
requires computations to demonstrate compliance with
specified Service Limits, the Design Specification shall
provide information from which Service Loadings can
be identified (pressure, temperature, mechanical loads,
cycles, or transients). The Design Specification shall des-
ignate the appropriate Service Limit (HAB-2142.4) to be
associated with each Service Loading or combination of
Service Loadings.

HAB-2142.4 Design and Service Limits.

(a) Design Limits. The limits for Design Loadings shall
meet the requirements of Subsection HH.

(b) Service Limits. The Design Specification may desig-

able IImits, may be derived Irom systems sarety cCriteria
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(1) Level A Service Limits. Level A Service Limits are
those sets of limits that must be satisfied for all Level A
Service Loadings identified in the Design Specifications
to which the Core Component may be subjected in the
performance of its specified service function.

(2) Level B Service Limits. Level B Service Limits are
those sets of limits that must be satisfied for all Level B
Service Loadings identified in the Design Specifications
for which these Service Limits are designated. The Core
Component must withstand these loadings without dam-
age requiring repair.

(3) Level C Service Limits. Level C Service Limits are
those sets of limits that must be satisfied for all Level C
Service Loadings identified in the Design Specifications
for which these Service Limits are designated. These sets
of limits permit large deformations in areas of structural
discontinuity that may necessitate the removal of the
Core Component from service for inspection or repair of
damage to the Core Component. Therefore, the selection
of this limit shall be reviewed by the Owner for compat-
ibility with established system safety criteria
(HAB-2141).

(4) Level D Service Limits. Level D Service Limits are
those sets of limits that must be satisfied for all Level D
Service Loadings identified in the Design Specifications
for which these Service Limits are designated. These sets

of limits permit gross general deformations with some
consequential loss of dimensional stability and damage
requiring repair, which may require removal of the Core
Component from service. Therefore, the selection of this
limit shall be reviewed by the Owner for compatibility
with established system safety criteria (HAB-2141).

(c) Alternative Service Limits. Core Components may be
alternatively designed using more restrictive Service Lim-
its than specified in the Design Specification. For example;
Level B Service Limits may be used where Level C Service
Limits have been specified.

HAB-2143 Acceptance Criteria

(a) Core Components shall comply with the design
rules established for the Designyand Service Loadings
identified in Subsection HH, Subpart A or Subpart B.

(b) It is the responsibility.ofithe Owner to define accep-
tance criteria for the Service Level Loading for which ac-
ceptance criteria are \ng@t contained in this Subpart and
Subsection HH, Subpart™A or Subpart B.

(c) Design documentation shall be completed in accor-
dance with the requirements of this Subpart and Subsec-
tion HH, Subpart A or Subpart B applicable to the Core
Component.

14
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ARTICLE HAB-3000
RESPONSIBILITIES AND DUTIES

HAB-3100 GENERAL

HAB-3110 RESPONSIBILITIES VERSUS LEGAL
LIABILITIES

The various parties involved in the design and con-
struction of Core Components and Core Assemblies have
specific responsibilities for complying with these require-
ments. The responsibilities set forth herein relate only to
Code compliance and are not to be construed as involving
contractual or legal liabilities.

HAB-3120 CERTIFICATION
HAB-3121 Types of Certificates

Table HAB-8100-1 lists the types of certificates issued
by the Society associated with Core Components and Core
Assemblies and indicates the responsibilities assumed by
each Certificate Holder. Further details of these responsic
bilities are contained in this Article.

HAB-3125 Subcontracted Services

(a) Services may be subcontracted that.are both within
and beyond the scope of this Subpart.and Subsection HH.
There are no requirements for thesubcontracting of ser-
vices beyond the scope of this Subpart and Subsection
HH. Services covered by thisSubpart and Subsection HH
may be either of a type for-which the Society issues certi-
ficates or of the type for(which the Society does not issue
certificates. Subcontracts for activities for which certifi-
cates are required-shall be made only to Certificate
Holders. A Certificate Holder may subcontract to another
organization the surveying and auditing of its subcontrac-
tors and-Material Organizations but must retain the re-
sponsibility for these activities and for the qualification
of these subcontractors and Material Organizations.

[b) 1t is the right of the Designer to subcontract stress
analysis or the complete design of all or a portion of a
Core Assembly or the material testing for the generation
of the Material Data Sheets. However, the Designer is re-
sponsible for the design of the Core Assembly and for the
Design Output Documents.

(c) The Quality Assurance Manual shall describe the
manner in which the Certificate Holder controls and ac-

HAB-3126 Subcontracted Calibration Services

As an alternative to survey and audit of sub¢ontracted
calibration services, a GC Certificate Holder; aMaterial Or-
ganization, or an approved supplier may‘accept accredita-
tion by accrediting bodies recognized by the International
Laboratory Accreditation Cooperation (ILAC) Mutual Re-
cognition Arrangement (MRA);.provided that the require-
ments of (a) through (d) aredmet.

(a) A documented reviéw of the supplier’s accredita-
tion shall be performed-and shall include verification that
the

(1) accreditatien is to ISO/IEC 17025, General Re-
quirements for the Competence of Testing and Calibration
Laboratories; from an accredited body recognized by the
ILAC MRA

(2) published scope of accreditation for the calibra-
tion)laboratory covers the needed measurement para-
fneters, ranges, and uncertainties

(b) The procurement documents shall specify

(1) that the service must be provided in accordance
with the accredited ISO/IEC 17025 program and scope
of accreditation

(2) that the calibration certificate/report shall in-
clude identification of the laboratory equipment/stan-
dards used

(3) that the calibration certificate/report shall in-
clude as-found calibration data when calibrated items
are found to be out-of-tolerance

(4) that the service supplier shall not subcontract the
service to any other supplier

(5) that the GC Certificate Holder, Material Organiza-
tion, or approved supplier must be notified of any condi-
tion that adversely impacts the laboratory’s ability to
maintain the scope of accreditation

(6) additional technical and quality requirements, as
necessary, based on a review of the procured scope of ser-
vices, including, but not limited to, tolerances, accuracies,
ranges, and industry standards

(c) At receipt inspection, the GC Certificate Holder, Ma-
terial Organization, or approved supplier shall be respon-
sible for validating that the supplier’s documentation
certifies

(1) that the subcontracted calibration was performed
in accordance with the supplier’s ISO/IEC 17025 program
and scope of accreditation

(2) conformance to the procurement document’s

cepts the responsibllity 1or the subcontracted activities.
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(d) This activity shall be documented in the Material
Organization’s Quality System Manual, GC Certificate
Holder’s Quality Assurance Program, or approved suppli-
er’s quality program.

HAB-3127 Subcontracted Testing Services

As an alternative to survey and audit of suppliers of
subcontracted services, a GC Certificate Holder, a Material
Organization, or an approved supplier may accept accred-
itation by accrediting bodies recognized by the ILAC MRA,
provided the requirements of (a) through (d) are met.

(a) A documented review of the supplier’s accredita-
tion shall be performed and shall include verification that
the

(1) accreditation is to ISO/IEC 17025, General Re-
quirements for the Competence of Testing and Calibration
Laboratories, from an accredited body recognized by the
ILAC MRA

(2) published scope of accreditation for the testing
laboratory covers the needed testing services, including
test methodology and tolerances/uncertainties

(b) The procurement documents shall specify

(1) that the service must be provided in accordance
with the accredited ISO/IEC 17025 program and scope
of accreditation

(2) that the service supplier shall not subcontract the
service to any other supplier

(3) that the GC Certificate Holder, Material Organiza-
tion, or approved supplier must be notified of any condi-
tion that adversely impacts the laboratory’s ability té
maintain the scope of accreditation

(4) additional technical and quality requirements, as
necessary, based on a review of the procured scope of ser-
vices, including, but not limited to, tolerancespaccuracies,
ranges, and industry standards

(c) At receipt inspection, the GC Certifieate Holder, Ma-
terial Organization, or approved supplier shall be respon-
sible for validating that the supplier’'s documentation
certifies

(1) that the subcontracted testing was performed in
accordance with the supplier’s ISO/IEC 17025 program
and scope of accreditation

(2) conformante)to the procurement document’s
requirements

(d) This activity shall be documented in the GC Certifi-
cate Holder’s-Quality Assurance Program, Material Orga-
nization’s Quality System Program Manual, or approved
supplier’s quality program.

HAB-3200 OWNER'S RESPONSIBILITIES

HAB-3220 CATEGORIES OF THE OWNER'S
RESPONSIBILITIES

The responsibilities of the Owner include the require-
ments of (a) through (r) below.

(b) documenting a Quality Assurance Program
(HAB-8140)

(c) obtaining a written agreement with an Authorized
Inspection Agency (HAB-3230 and HAB-8130)

(d) certifying and filing Owner’s Data Report
(HAB-3280)

(e) establishing the Code Editions and Code Cases to be
used in Design Specifications, and determining that they
are acceptable to the regulatory and enforcement autho-
rities having jurisdiction at the nuclear power plant site
(HAB-1140)

(f) verifying through a review of the requjred docu-
mentation that the Code Editions and Code>Cases used
for completed Core Components and materials satisfy
HAB-1140 and are acceptable to the regulatory and enfor-
cement authorities

(g) classifying Core Compénents (HHA-3111 or
HHB-3111)

(h) designating the Designer, Material Manufacturer,
Core Component manufacturer, and Installer for design
and construction and verifying through a review of the re-
quired documentation that the Designer has fulfilled its
responsibilities*for*design and construction

(i) providing ‘adequate structures, foundations, and
auxiliary systems for the items covered by HAB-3240

(j) providing and correlating Design Specifications, in-
cluding establishment of Core Component and Core As-
sembly boundaries (HAB-3252)

(k) certifying Design Specifications (HAB-3255)

(1) reviewing Design Reports (HAB-3260)

(m) reviewing and approving the Construction Specifi-
cation, Design Drawings, and Construction Report (Table
HAB-3255-1)

(n) making available to the Inspector the documents
specified by this Subpart and Subsection HH and those re-
quested by the Inspector to ensure compliance with Code
requirements (HAB-5242)

(o) providing for the design and arrangement of Core
Components to permit accessibility in accordance with
Section XI

(p) designating the preservice inspection requirements

(q) designating records to be maintained and providing
for their maintenance (HAB-3290)

(r) performing other duties as defined throughout this
Subpart and Subsection HH

The activities necessary to provide compliance with re-
sponsibilities assigned to the Owner by (e) through (r)
above may be performed on the Owner’s behalf by a des-
ignee; however, the responsibility for compliance remains
with the Owner.

HAB-3230 OWNER'S CERTIFICATE

The Owner, after receipt of notification from the regu-
latory authority that an application for a construction per-
mit or combined license for a specific plant has been
docketed, shall obtain an Owner’s certificate from the So-

{ajobtaining an Owner's Certificate (HAB-3230)
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to beginning field installation. The information to be sup-
plied by the Owner when making applications is given in
forms issued by the Society. A written agreement with an
Authorized Inspection Agency (HAB-8130) is required
prior to application.

HAB-3240 PROVISION OF ADEQUATE
SUPPORTING STRUCTURES

It is the responsibility of the Owner to ensure that in-
tervening elements, foundations, and building structures
adequate to support the items covered by this Subpart
and Subsection HH are provided and to ensure that juris-
dictional boundary interfaces for Code items are defined
and compatible. Loads imposed upon structures outside
the scope of this Subpart and Subsection HH by items cov-
ered by this Subpart and Subsection HH shall be defined
in the Design Specification.

HAB-3250 PROVISION OF DESIGN
SPECIFICATIONS

HAB-3251 Provision and Correlation

It is the responsibility of the Owner to provide, or cause
to be provided, Design Specifications for Core Compo-
nents and Core Assemblies. The Owner, either directly
or through its designee, shall be responsible for the prop-
er correlation of all Design Specifications. The applicable
data from Construction Specification and Design Draw-
ings shall be provided in sufficient documented detail to
form the basis for Core Component machining or finishing
and installation in accordance with this Subpart and-Sub-
section HH.

HAB-3252 Contents of Design Specifications®

(a) The Design Specifications shall¢contain sufficient
detail to provide a complete basis for design in accor-
dance with this Subpart and Subsection HH. Such require-
ments shall not result in a Core Assembly that fails to
conform to the rules of this.Subpart and Subsection HH.
All Design Specifications shall include (1) through (11)
below.

(1) the functionssand boundaries of the items cov-
ered (HAB-3254)

(2) the design requirements for the Core Compo-
nents and.Core Assembly

(3)(the'environmental conditions, including radiation

(4)the Design class of the Core Components covered
(HAB-2130)

(5) material requirements

(6) when functionality of a component is a require-
ment, the Design Specification shall make reference to
other appropriate documents that specify the functional
requirements

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

(8) design life

(10) construction surveillance required by the
Designer

(11)loads from internal structures

(b) The Design Specification shall identify those compo-
nents that require a preservice examination and shall in-
clude the following:

(1) Edition of Section XI to be used
(2) category and method

(3) qualifications of personnel, procedures, and
equipment

HAB-3254 Boundaries of Jurisdiction

In order to define the boundaries-of components with
respect to adjacent components, intervening elements,
and other structures, the ‘Design Specifications shall
include

(a) the locations of-each such boundary

(b) the forces, moments, strains, or displacements that
are imposed at’each such boundary

(c) the structural characteristics of the attached com-
ponents por structures, whether or not they are within this
Subpart!s-and Subsection HH, Subpart A’s and Subpart B's
jurisdiction when such components or structures provide
constraints to the movement of components.

HAB-3255 Certification of the Design
Specifications

The Design Specifications shall be certified to be cor-
rect and complete and to be in compliance with the re-
quirements of HAB-3250 by one or more Certifying
Engineers on behalf of the Owner or its designee. The Cer-
tifying Engineers shall be competent in the applicable
field of design and related nuclear power plant require-
ments and qualified by the Owner or its designee in accor-
dance with the requirements of Section III Appendices,
Mandatory Appendix XXIII. These Certifying Engineers
are not required to be independent of the organization
preparing the Design Specifications. Document distribu-
tion for design and construction is shown in Table
HAB-3255-1.

HAB-3256 Filing of Design Specifications

The Design Specifications in their entirety shall become
a principal document governing design and construction
of items. A copy of the Design Specification(s) shall be
made available to the Inspector at the manufacturing site
before construction begins, and a copy shall be filed at the
location of the installation and made available to the en-
forcement authorities having jurisdiction over the plant
installation before the Core Assembly is placed into ser-
vice. Document distribution for construction is shown in

(7] corrosion elrects
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HAB-3260 REVIEW OF DESIGN REPORT

(a) The Design Report that the Designer provides shall
be reviewed by the Owner or its designee to determine
that all the Design and Service Loadings as stated in the
Design Specification have been evaluated, and that the ac-
ceptance criteria explicitly provided for in this Subpart
and Subsection HH, or additional acceptance criteria per-
mitted by this Subpart and Subsection HH, when estab-
lished in the Design Specification, associated with the
specified Design and Service Loadings, have been consid-
ered. The responsibility for the method of analysis and
the accuracy of the Design Report remains with the
Designer.

(b) Documentation shall be provided by the Owner or
its designee to indicate that the review required by (a)
above has been conducted. Prior to the certification of
the component, a copy of this documentation shall be at-
tached to the copy of the Design Report that is made avail-
able to the Inspector. A copy of this documentation shall
be included with the Design Report, which is filed at the
location of the installation in accordance with
HAB-4134.17 and made available to the regulatory and
enforcement authorities having jurisdiction at the site of
the nuclear power plant installation. Document distribu-
tion for design and construction is shown in Table
HAB-3255-1.

HAB-3280 OWNER'S DATA REPORT AND FILING

The Owner or its designee shall prepare the Form N-3
(Section III Appendices, Mandatory Appendix V).

HAB-3290 OWNER'S RESPONSIBILITY FOR
RECORDS

The Owner shall be responsible for designating the re-
cords to be maintained (HAB-4134.17). The Owner shall
also be responsible for continued maintenance of the re-
cords required by this Subpart, Subsection HH, and Sec-
tion XI, Rules for Inservice Inspe¢tion of Nuclear Power
Plant Components, at the power plant site, the GC Certifi-
cate Holder’s facility, or otherlocations determined by the
Owner. The Owner shall@dvise the enforcement authority
in writing regarding the location of the records.

HAB-3300_ ) RESPONSIBILITIES OF A
DESIGNER

HAB-3320 CATEGORIES OF THE DESIGNER'S
RESPONSIBILITY

The Designer has the following categories of
responsibility:

(a) obtain a G Certificate (HAB-3330)

(b) prepare the structural design of the components
and assemblies in conformance with this Subpart and
Subsection HH, Subpart A or Subpart B and the Design

(c) prepare the Design Drawings and Construction
Specification (HAB-3340)

(d) prepare and submit the Design Report (HAB-3352)

(e) conduct surveillance of construction to the extent
designated by the Owner in the Design Specification
(HAB-3220)

(f) review construction documents (HAB-3450) as spe-
cified in the Construction Specification

(g) establish and maintain a Quality Assurance Pro*
gram (HAB-3460)

(h) modify Design Drawings and the Constructién Spec-
ification (HAB-3370)

(i) certify the Construction Report (HAB=3380)

(j) distribute documents as shown in Table
HAB-3255-1

(k) generate the Material Data-Sheets (HAB-3353)

HAB-3330 OBTAINING:A CERTIFICATE

A G Certificate (HAB-8100) shall be obtained for the de-
sign of any Core Compenents intended to be in compli-
ance with the.requirements of this Subpart and
Subsection HH, Subpart A or Subpart B.

HAB-3340 DESIGN DRAWINGS AND
CONSTRUCTION SPECIFICATION

HAB-3341 Design Drawings

The Design Drawings shall contain all details necessary
to construct the item in accordance with the require-
ments of the Design Specification, the Construction Spec-
ification, and this Subpart and Subsection HH, Subpart A
or Subpart B.

HAB-3342 Construction Specification

The Construction Specification shall contain the
following:

(a) material specifications

(b) material shipping, handling, and storage
requirements

(c) inspection requirements

(d) appropriate Code references

(e) requirements for personnel or equipment
qualification

(f) material or Core Component examination and test-
ing requirements

(g) acceptance testing requirements

(h) requirements for shop and field drawings

(i) identification of Core Components

(j) construction surveillance to be performed by the
Designer as required by the Design Specification

(k) construction documents that require review by the
Designer and those that require both review and approval
by the Designer will include the requirements of Table

Specification (HAB-3250])
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HAB-3350 REQUIREMENTS FOR DESIGN HAB-3356 Availability of Design Report

OUTPUT DOCUMENTS
HAB-3351 General

The drawings used for construction shall comply with
the Design Specifications and the rules of this Subpart
and Subsection HH, Subpart A or Subpart B and shall be
in agreement with the other Design Output Documents.

HAB-3352 Design Report*

(a) The Designer shall prepare a Design Report in suffi-
cient detail to show that the applicable stress or Probabil-
ity of Failure limits are satisfied when the component is
subject to the loading conditions specified in the Design
Specification, this Subpart, and Subsection HH, Subpart
A or Subpart B. The Design Report prepared by the De-
signer shall contain calculations and sketches substantiat-
ing that the design is in accordance with the Design
Specification, this Subpart, and Subsection HH, Subpart
A or Subpart B.

(b) The drawings used for construction shall be in
agreement with the Design Report before it is certified
and shall be identified and described in the Design Re-
port. It is the responsibility of the Designer to furnish a
Design Report for the Core Assembly. The Design Report
shall be certified by a Certifying Engineer.

HAB-3353 Material Data Sheet®

The Designer shall complete the required testing and
generate the Material Data Sheets as deseribed in
HHA-2200 or HHB-2200. The Designer shall certify the
Material Data Sheets.

HAB-3354 Modification of Documents and
Reconciliation’ With Design Report

Any modification ofiahy document used for construc-
tion, from the corresponding document used for design
analysis, shall be.reconciled with the Design Report by
the person or organization responsible for the design. A
revision ortaddenda to the Design Report shall be pre-
pared and, (if required by HAB-3352) certified to indicate
the basis-on which this has been accomplished. All such
reyised documentation shall be filed with the completed
Design Report.

HAB-3355 Submittal of Design Report for Owner
Review

The Designer shall submit to the Owner or its designee
a copy of the completed Design Report for all components
for review and documentation of review to the extent re-

The Designer shall provide the GC Certificate Holder
with a copy of the completed Design Report and the draw-
ings used for construction. These documents are to be
available to the Inspector.

HAB-3360 CERTIFICATION OF THE
CONSTRUCTION SPECIFICATION,
DESIGN DRAWINGS, AND DESIGN
REPORT

(a) The Construction Specification,.Désign Drawings,
and Design Report shall be reviewed and certified to be
correct and in accordance with the.Design Specification,
this Subpart, and SubsectiondJH, Subpart A or Subpart
B by one or more Certifying Engineers competent in the
field of design of Core Comiponents and Core Assemblies
and qualified in accordance with the requirements of Sec-
tion Il Appendices, Mandatory Appendix XXIII. These
Certifying Engineers are not required to be independent
of the organization designing the component. Distribution
of Construction Specification, Design Drawings, and the
Design Report is shown in Table HAB-3255-1.

(b} For the Designer to certify the Construction Specifi-
cation and Design Drawings, it is necessary that the De-
sign Specification has been certified. For the GC
Certificate Holder or Material Organization to do work
in accordance with Construction Specifications and De-
sign Drawings, it is necessary that these documents have
been certified.

HAB-3370 REVISION OF DESIGN DRAWINGS AND
CONSTRUCTION SPECIFICATION

Design Documents issued for use in construction shall
be revised to reflect any change in the design. Changes
to Design Output Documents shall be reviewed and certi-
fied in accordance with HAB-3350.

HAB-3380 CERTIFICATION OF CONSTRUCTION
REPORT

The Construction Report shall be evaluated by the De-
signer, who shall certify that the Construction Report con-
forms to the requirements of this Subpart and Subsection
HH, Subpart A or Subpart B and the Design Specification.
The Designer shall also provide any supplemental analy-
sis needed to substantiate this evaluation. Prior to certifi-
cation, the Designer shall review the file of as-built,
design, shop, and field drawings to establish that the list
in the Construction Report provided by the GC Certificate
Holder corresponds to the as-built, design, shop, and field
drawings that will be maintained as a file by the Owner.
Distribution of the Construction Report is shown in Table

quired by HAB-3Z60U.
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CERTIFICATE HOLDER

HAB-3420 CATEGORIES OF THE GC
CERTIFICATE HOLDER'S
RESPONSIBILITIES

The GC Certificate Holder is responsible for

(a) obtaining a GC Certificate (HAB-3430).

(b) constructing the components and assembling the
components in accordance with the Design Drawings
and Construction Specification(s) and in accordance with
this Subpart and Subsection HH, Subpart A or Subpart B.

(c) qualifying Material Organizations (HAB-3842).

(d) establishing and maintaining a Quality Assurance
Program (HAB-3460).

(e) documenting a Quality Assurance Program
(HAB-3462).

(f) filing the Quality Assurance Manual (HAB-3463).

(g) preparing construction procedures (HAB-3451).

(h) preparing shop and field drawings (HAB-3452).

(i) preparing the Construction Report (HAB-3454).

(j) obtaining agreement with an Authorized Inspection
Agency (HAB-8130).

(k) completing Data Reports (HAB-3455).

() distributing documents as shown in Table
HAB-3255-1.

(m) conducting mechanical testing of Core Compo-
nents (HHA-4200 or HHB-4200).

(n) making available to the Inspector the documents
specified by this Subpart and Subsection HH and those re*
quested by the Inspector to ensure compliance with Code
requirements.

(o) reviewing Certified Material Test Reports€er mate-
rials (HAB-1220) used by it.

(p) preparing, accumulating, controlling, dnd protecting
required records while in its custody (HAB-4134.17).

(q) documenting review and approval of material used
by it as permitted by HAB-1140(eJ:

(r) subcontracting (HAB-3125)for materials manufac-
ture, design, component machining, installation, examina-
tion, testing, and inspection. The GC Certificate Holder
shall retain overall responsibility, including certification.

HAB-3430 OBTAINING A CERTIFICATE

A GC Certificate (HAB-8100) shall be obtained for the
constructionyof any Core Components or Core Assemblies
intendéd,to be in compliance with the requirements of
this Subpart and Subsection HH.

HAB-3440 COMPLIANCE WITH THIS SUBPART
AND SUBSECTION HH

The GC Certificate Holder has the responsibility for the
construction of the Core Components or Core Assemblies,
in accordance with the Design Drawings and Construction
Specification and in accordance with this Subpart and

—HAB-3400 RESPONSIBILITIESOF AGC ___ HAB-3450 CONSTRUCTIONDOCUMENTS

HAB-3451 Construction Procedures

Construction procedures shall provide sufficient de-
tailed information about the methods of construction to
enable those reviewing the procedures to determine
whether the requirements of the Design Specification,
the Construction Specification, and the Design Drawings
will be satisfied. Construction procedures shall include
test procedures to be performed by the GC Certificate
Holder that are needed to establish conformancé with
the requirements of the documents listed in this\Article.
Distribution of procedures is shownn Table
HAB-3255-1.

HAB-3452 Shop and Field Drawings

The GC Certificate Holder shall*‘provide shop and field
drawings. Distribution of shop and field drawings is
shown in Table HAB-3255<{:

HAB-3453 Material Documentation

The GC Certificate Holder shall collect CMTRs to verify
that materials-comply with the requirements of this Sub-
part, Subsection HH, and the Construction Specification.

HAB<3454 Contents of the Construction Report

The GC Certificate Holder shall provide a Construction
Report. The report shall include the following:

(a) a summary of construction progress showing key
dates of major construction activities

(b) a complete and detailed record of all Core Compo-
nent and Core Assembly acceptance testing

(c) a summary of quality control records for Core
Components

(d) a list of as-built, design, field, and shop drawings
showing the latest revision used for construction and date

(e) a summary of deviations (nonconformances) giving
a brief description of the nature of the deviations (non-
conformances) and the corrective actions and the date
when the corrective actions were taken

(f) records of where each component is installed in the
Core Assembly

(g) distribution and approvals as shown in Table
HAB-3255-1

HAB-3455 Data Report

The GC Certificate Holder shall certify compliance with
this Subpart and Subsection HH by signing the appropri-
ate Data Report (Article HAB-8000) that all details of ma-
terials, construction, and workmanship of the component
or assembly conform to this Subpart, Subsection HH, and
the Construction Specification. Distribution of the Data

Subsection HH.
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ASSURANCE

HAB-3461 Scope of Responsibilities for Quality
Assurance

(a) The GC Certificate Holder shall be responsible for
surveying, qualifying, and auditing suppliers of subcon-
tracted services (HAB-3125), including nondestructive
examination contractors and Material Organizations. Ma-
terial Organizations holding a Quality Systems Certificate
(Materials) and GC Certificate Holders whose scope in-
cludes supply or manufacture and supply of material need
not be surveyed or audited for work or material covered
by the scope of their Certificate. Subcontractors holding
an appropriate Certificate need not be surveyed nor au-
dited for work within the scope of the subcontractor’s
certificate.

(b) A GC Certificate Holder may qualify vendors of sub-
contracted services (HAB-3125) other than those requir-
ing a Certificate of Authorization, such as a Material
Organization, for another GC Certificate Holder doing
work for that GC Certificate Holder. The qualification doc-
umentation shall be supplied to the other GC Certificate
Holder prior to their use of the subcontracted service or
Material Organization.

HAB-3462 Documentation of Quality Assurance
Program

The GC Certificate Holder shall be responsible for doc-
umenting its Quality Assurance Program (HAB-4134).

HAB-3463 Filing of Quality Assurance Manual

The GC Certificate Holder shall file with the Authorized
Inspection Agency (HAB-5121) copies of\the Quality As-
surance Manual. The GC Certificate Holder shall keep a
copy on file available to the Inspectot’(HAB-5123).

HAB-3800 MATERIAL:ORGANIZATIONS

The requirements ofH}AB-3800 provide for various en-
tities known as GC Certificate Holders, Material Organiza-
tions known as Material Manufacturers, Core Component
manufacturers, Installers (HAB-3820), and approved sup-
pliers (HAB=4555.3). These entities are involved in per-
formance of operations, processes, and services related
to the procurement, manufacture, and supply of material,
machining or finishing of components, and installation of
Core Components into Core Assemblies as defined in the
glossary (HAB-9200).

HAB-3820 CERTIFICATION OR QUALIFICATION
OF MATERIAL ORGANIZATIONS

(a) A Material Organization shall be certified by obtain-
ing a Quality Systems Certificate issued by the Society ver-
ifying the adequacy of the Material Organization’s Quality

HAB-3460 RESPONSIBILITY FOR QUALITY (b) Alternatively, the GC Certificate Holder (HAB-3461)

may qualify Material Organizations not certified by the
Society by evaluation of the organization’s Quality System
Program in accordance with the requirements of
HAB-3842.

(c) A GC Certificate Holder may furnish material, ma-
chine Core Components, or perform installation when sta-+
ted in the scope of its certificate. In this case, a Quality
Systems Certificate is not required, nor is the user of
the material, Core Components, or installation services
required to survey, qualify, or audit such a GG Certificate
Holder.

HAB-3830 RESPONSIBILITIES OF’MATERIAL
ORGANIZATIONS

The Material Organization_ shall be responsible for es-
tablishing, documenting, implementing, and maintaining
a Quality System Programiwaccordance with the require-
ments of HAB-4550;-and as applicable to its scope of
activities:

(a) material manufacture (Material Manufacturers)

(b) Core Component machining or finishing (Core Com-
ponent manufacturers)

(c) installation (Installers)

(d)establishing and maintaining measures for the
traceability of material and Core Components while under
its control (HAB-4556)

(e) controlling quality during construction, including
control of testing, examination, and treatment of material
and Core Components (HAB-4557, HAB-4558)

(f) approving and controlling operations performed by
suppliers of subcontracted services (HAB-4555)

(g) preparing Certified Material Test Reports
(HAB-3860)

(h) shipment of material and parts (HAB-4557.3)

HAB-3840 EVALUATION OF THE PROGRAM
HAB-3841 Evaluation by the Society

(a) The Society, when requested by the applicant on
forms issued by the Society, will arrange for a survey of
the Material Organization’s Quality System Program for
the scope of activities at the locations listed on the appli-
cation. The Program will be evaluated on the basis of its
compliance with the applicable material requirements
of this Subpart and Subsection HH, Subpart A or Subpart
B and the requirements of this subarticle. The Quality Sys-
tems Certificate, which is issued for a 3-yr period, will de-
scribe and specify the scope and limits of work and
locations for which the certified Material Organization is
qualified and will be subject to a planned audit program
by the Society. Not later than 6 months prior to the ex-
piration of the Certificate, the certified Material Organiza-
tion shall apply for a renewal evaluation and for issuance
of a new Certificate.

(b) The applicant shall supply all information required

System Program (HAB-45007:
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(c) The applicant’s Quality System Program shall be ac-
cepted by the Society prior to the issuance of a Certificate.

(d) A controlled copy of the certified Material Organiza-
tion’s Quality System Manual shall be filed with the So-
ciety. The Manual shall be the Society’s guide for
surveying and auditing the certified Material Organiza-
tion’s continued compliance with the accepted Quality
System Program.

(e) The certified Material Organization shall make
available for on-site review by the Society any proce-
dures, process sheets, or drawings as are necessary to un-
derstand the Program. Detailed technical procedures will
not be approved by the Society. The certified Material Or-
ganization shall keep a controlled copy of the Manual on
file and in a place and manner readily available to the So-
ciety’s audit team.

(f) The certified Material Organization shall obtain the
Society’s review and acceptance of proposed revisions to
the Quality System Manual prior to implementation.

(g9) When the applicant requests that the scope of the
Quality Systems Certificate include shipment of material
and Core Components from qualified Material Organiza-
tions to parties other than the applicant, the control of
this activity shall be included in the Manual and will be re-
viewed by the Society.

(h) When the applicant requests that the scope of the
Quality Systems Certificate include approval and control
of suppliers (HAB-4555.3), this activity shall be included
in the Manual and will be reviewed by the Society.

HAB-3842 Evaluation by Parties Other Than the
Society

HAB-3842.1
tions.

(a) The qualification of Material Organizations by par-
ties other than the Society shall be limited'to the manufac-
ture of material, or machining or finishing of Core
Components and the installationcef*Core Assemblies, or
subcontracted services to the GC*Certificate Holder per-
forming the evaluation, or their designee.

(b) When a Material Organization has been qualified by
a GC Certificate Holder;-it is not necessary for another
party to requalify that organization for materials or ser-
vices that are totbe furnished to the party that performed
the evaluations

HAB-3842.2 Evaluation of the Qualified Material
Organization's Program by GC Certificate Holders. Eva-
luation’ of a Material Organization’s Quality System Pro-
gram by a GC Certificate Holder, as provided by
HAB-3820(b), shall be performed in accordance with
the requirements of (a) through (g) below.

(a) The Quality System Program shall be surveyed, ac-
cepted, and audited by the party performing the evalua-
tion on the basis of its compliance with the applicable
requirements of this Subpart and Subsection HH, Subpart

Qualification of Material Organiza-

(b) The Quality System Manual (HAB-4553.1) shall be
the party’s guide for surveying and auditing the qualified
Material Organization’s continued compliance with the
accepted Quality System Program.

(c) The qualified Material Organization shall make
available for on-site review by the party performing the
evaluation any procedures, process sheets, or drawings
as are necessary to understand the Program. The quali-
fied Material Organization shall keep a controlled copy,
of the Manual on file and in a place and manner readily
available to the party performing the audit.

(d) The qualified Material Organization shall'notify the
qualifying GC Certificate Holder accepting its’>Program of
proposed revisions to its Quality System_Manual. The
party accepting the Program shall evaluate and accept
such revisions prior to the implementation of the revi-
sions on purchased materials or{services.

(e) When the qualified Matérial Organization’s scope of
activities includes approwaltand control of suppliers
(HAB-4555.3), this activity shall be included in the Quality
System Manual, and shall be reviewed by the party ac-
cepting the Program._During surveys or audits of qualified
Material Organizations, the party performing the evalua-
tion shall review*objective evidence that the qualified Ma-
terial Organization’s control of suppliers is adequate to
ensure~compliance with the applicable requirements of
this/Subpart and Subsection HH, Subpart A or Subpart B.

{f}¥When the qualified Material Organization’s scope of
activities includes shipment of material to parties other
than the party performing the qualification, control of this
activity shall be included in the Quality System Manual
and shall be reviewed by the party accepting the Program.
During surveys or audits of qualified Material Organiza-
tions, the party performing the evaluation shall review
objective evidence that the qualified Material Organiza-
tion’s control of shipments is adequate to ensure compli-
ance with the applicable material requirements of this
Subpart and Subsection HH, Subpart A or Subpart B.

(g) Audits by parties performing evaluations of quali-
fied Material Organizations shall meet the following
requirements:

(1) The party performing the evaluation shall include
audit frequency in their Manual.

(2) Audit frequencies shall be commensurate with
the schedule of production or procurement, but shall be
conducted at least once annually during the interval in
which materials are controlled or services are performed
by the Material Organization being evaluated.

(3) Audits shall meet the requirements of
HAB-4559.1(a) through HAB-4559.1(e).

A Oor Subpart b, and the requirements oI HAB-4550U.
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HAB-3860 CERTIFICATION REQUIREMENTS

HAB-3861 Certification Requirements for
Material Organizations

(a) The Material Organization whose scope of activities
includes material manufacture [HAB-3830(a)] shall pro-
vide a Certified Material Test Report (HAB-3862) for
the material.

(1) The certification affirms that the contents of the
report are correct and accurate and that all test results
and operations performed by the Material Organization
or its subcontractors are in compliance with the material
specification and the specific applicable material require-
ments of this Subpart and Subsection HH.

(2) Chemical analyses, tests, examinations, and heat
treatments required by the material specification that
were not performed shall be listed on the Certified Mate-
rial Test Report as applicable, or may be listed on an iden-
tified attachment.

(b) The Material Organization shall transmit all certifi-
cations required by HAB-3862.1(b), received from other
Material Organizations or approved suppliers in accor-
dance with (a) above, to the purchaser at the time of
shipment.

(c) The GC Certificate Holder shall complete all opera-
tions not completed by the Material Organization and
shall provide a Certified Material Test Report for all op-
erations performed by it or its approved suppliers. The
GC Certificate Holder shall certify that the contentsyef
the report are correct and accurate and that all test re-
sults and operations performed by the GC Certificate
Holder or its approved suppliers are in compliance with
the requirements of the material specification; this Sub-
part, and Subsection HH. Alternatively, the\GC Certificate
Holder shall provide a Certified Material“Test Report for
the operations it performed and at ledst one Certified Ma-
terial Test Report from each of its‘approved suppliers for
the operations they performed:

HAB-3862 Certification of Material

HAB-3862.1 -Material Certification.

(a) The Certified Material Test Report shall include the
results of all required chemical analyses, tests, and
examinations.

(b) When required chemical analyses, heat treatment,
tests, or examinations are subcontracted, the approved
supplier’s certification for the operations performed shall
be furnished as an identified attachment to the Certified
Material Test Report. When operations other than chem-
ical analysis, heat treatment, tests, or examination that re-
quire maintenance of traceability are subcontracted;
these operations and the approved suppliers performing
them shall be listed on the Certified Material Test Report,
or the approved suppliers certification for the operation
may be furnished as an attachment to the Certified Mate-
rial Test Report.

(c) When specific times or temperatures (or tempera-
ture ranges) of heat treatments are réquired by material
specifications, they shall be reported./When specific times
and temperatures (or temperature ranges) are not re-
quired by the material specification, a statement of the
type of heat-treated condition shall be reported.

(d) Reporting of actital\dimensions and visual examina-
tion results is neither' required nor prohibited by this
paragraph.

(e) Material ideéntification shall be described in the Cer-
tified Material Test Report.

(f) Notarization of the Certified Material Test Report is
not required.

HAB-3862.2 Quality System Program Statement.

(a) When the Material Organization holds a Quality Sys-
tems Certificate, the Material Organization’s Quality Sys-
tems Certificate number and expiration date shall be
shown on the Certified Material Test Report or on a certi-
fication included with the documentation that accompa-
nies the material.

(b) When the Material Organization has been qualified
by a party other than the Society, the revision and date
of the applicable written Quality System Program shall
be shown on the Certified Material Test Report or on a
certification included with the documentation that ac-
companies the material.

(c) The inclusion of the Quality Systems Certificate
number and expiration date or reference to revision
and date of the applicable written Quality System Pro-
gram shall be considered the Material Organization’s cer-
tification that all activities have been performed in
accordance with the applicable requirements of this
subarticle.
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Table HAB-3255-1
Document Distribution for Design and Construction of Core Components and Assemblies

Provided to Available on
Document Prepared by Reviewed by Certified by Approved by [Note (1)] Request

Design Specification (HAB-3250) (0] (0] 0 G GC L]
Construction Specification (HAB-3340) G 0 G 0 0, GC, MO L]
Design Drawings (HAB-3340) G 0 G 0 0, GC, MO L]
Design Report (HAB-3352) G 0 G 0 0, GC '8
Material Data Sheets (HAB-3353) G 0 G 0 J
Construction procedures (HAB-3451) GC, MO G G G O L]
Certified Material Test Reports MO, GC G MO, GC GC, 0 L]
Shop and field drawings (HAB-3452) GC, MO G G GC I
Construction Report (HAB-3454) GC G,0 G 0 G, 0 L]
Data Report Form G-1 (HAB-8410) GC, G I GC, 1 0«1 ]
Data Report Forms G-2 and G-4 GC, MO I GC, MO, 1 GC, 1 ]

(HAB-8410)
Data Report Form N-3 (HAB-8420) 0 1 0,1 ]
Legend:

G = G Certificate Holder (Designer) MO = Material Organizations (Material Manufacturer, Core Compo-
GC = GC Certificate Holder nent manufacturer; or Installer)

I = Inspector 0 = Owner or jts designee

] = Enforcement authority

NOTE:

(1) Information is provided to the indicated participants when required to satisfy their designated responsibilities under this Subpart and
Subsection HH. Other information is provided only by specific arrangeméntwith the Owner. Participants are required to furnish only such
information as is necessary to permit the recipient to perform its duties'in conformance with this Subpart and Subsection HH. Other in-
formation may be furnished at the discretion of the responsible parties.
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ARTICLE HAB-4000
QUALITY ASSURANCE REQUIREMENTS

HAB-4100 REQUIREMENTS
HAB-4110 SCOPE AND APPLICABILITY

(a) This Article sets forth the requirements for plan-
ning, managing, and conducting Quality Assurance Pro-
grams for controlling the quality of activities performed
under this Subpart and Subsection HH, and the rules gov-
erning the evaluation of such Programs prior to the issu-
ance of certificates for the design and construction of the
Core Assembly. The Quality Assurance requirements for
Material Organizations for material manufacture, Core
Component manufacture, and installation are provided
in HAB-3800. GC Certificate Holders are advised to con-
sult other regulations for Quality Assurance requirements
governing activities beyond the scope of this Division.

(b) As identified, modified, and supplemented in
HAB-4120 and HAB-4134, GC Certificate Holders shall
comply with the requirements of ASME NQA-1, Quality
Assurance Requirements for Nuclear Facility Applica-
tions, Part I and when specifically stated, Part I1.°

HAB-4120 DEFINITIONS

(a) The definitions in Article HAB-9000 shall apply.

(b) The definitions in Article NCA-9000Q-shall apply, un-
less defined in Article HAB-9000.

(c) The terms and definitions of ASME NQA-1 shall ap-
ply, unless defined in ArticlexHAB-9000 or Article
NCA-9000.

(d) For the following terms;which are defined in both
ASME NQA-1 and Arcticle HAB-9000 or Article
NCA-9000, the definitions in Article NCA-9000 or Article
HAB-9000 shall apply, as determined by (b):

(1) item

(2) Owner

(3) guiality assurance
(#) repair

(5) rework

(6) service

(7) use-as-is

(8) nonconformance

HAB-4130 ESTABLISHMENT AND
IMPLEMENTATION

HAB-4131 Material Organizations

HAB-4133 Owner's Quality Assurance Program

HAB-4133.1 The Owner shall maintain a-Quality As-
surance Program. For this purpose, the Qwner may use
a Quality Assurance Program accepted by the regulatory
authority.

HAB-4133.2 The Owner shall.maintain either a Qual-
ity Manual or a procedure ageepted by the Inspector that
describes how the Ownep'will'meet their Code responsi-
bilities (see HAB-3200),\including control of their desig-
nee(s).

HAB-4133.3, '‘Qwners performing activities that re-
quire a GC Certificate shall include the requirements of
HAB-3800r HAB-4100, as applicable, in their Quality
Assurafice’ Program and obtain the appropriate
Certificate(s).

HAB-4133.4 The Owner shall assure that organiza-
tions performing activities requiring a GC Certificate have
a Quality Assurance Program meeting the requirements
of HAB-3800 or HAB-4100, as applicable.

HAB-4134 GC Certificate Holders

HAB-4134.1 Organization. The provisions of ASME
NQA-1, Requirement 1 shall apply.

HAB-4134.2 Quality Assurance Program.

(a) The provisions of ASME NQA-1, Requirement 2 shall
apply and the system used to meet these requirements
shall be described in the Quality Assurance Manual. The
Quality Assurance Manual shall also include a statement
of policy and authority indicating management support.
The specific responsibilities of the quality assurance orga-
nization of the GC Certificate Holder shall also include the
review of written procedures and monitoring of the activ-
ities concerned with the Quality Assurance Program as
covered in this Article.

(b) In lieu of Requirement 2, para. 301, the qualification
of nondestructive examination personnel shall be as re-
quired by HHA-5220 or HHB-5220.

(c) The controls used in the Quality Assurance Program
shall be documented in the Quality Assurance Manual.
The Quality Assurance Manual may be hard copy or elec-
tronic, provided the controls are described to assure ap-
proved revisions are made available for use by the GC
Certificate Holder personnel. The Program need not be
in the same format or sequential arrangement as the re-
quirements in this Article, as long as all applicable re-

The requirements of HAB-3800 and HAB-4500 apply.
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including all changes that are made, shall be made avail-
able to the Inspector. The GC Certificate Holder shall
make available to the Inspector such drawings and pro-
cess sheets as are necessary to make the Quality Assur-
ance Program understandable.

(d) The GC Certificate Holder shall be responsible for
advising its Authorized Inspection Agency of any changes
that are proposed to be made to the Quality Assurance
Manual, and shall have acceptance of the Authorized In-
spection Agency’s Inspector Supervisor before putting
such changes into effect. The GC Certificate Holder shall
be responsible for promptly notifying the Inspector of
such accepted changes, including evidence of acceptance
by the Authorized Inspection Agency, and for simulta-
neously reconciling copies of the Quality Assurance
Manual.

HAB-4134.3 Design Control.

(a) The provisions of ASME NQA-1, Requirement 3 shall
apply.

(b) Measures shall be established to ensure that appli-
cable requirements of the Design Specifications and of
this Subpart and Subsection HH for items are correctly
translated into specifications, drawings, procedures, and
instructions.

(c) Design documents shall be verified for adequacy
and compliance with the Design Specification, this Sub-
part, and Subsection HH.

(d) Computer programs used for design analysis shall
meet the requirements of ASME NQA-1, Part II, Subpart
2.7.

(e) Paragraph 601, “Configuration Management of Op=
erating Facilities,” is not applicable.

HAB-4134.4 Procurement Document Control. The
provisions of ASME NQA-1, Requirement 4 shallapply, ex-
cept that

(a) procurement documents shall réquire suppliers to
provide a Quality Assurance Program consistent with
the applicable requirements of this Subpart and Subsec-
tion HH

(b) this requirement doesnot apply to Authorized In-
spection Agency services

HAB-4134.5 Instructions, Procedures, and Draw-
ings. The provisions of ASME NQA-1, Requirement 5 shall
apply.

HAB-4134.6 Document Control. The requirements
of HAB=31:25 shall be used for subcontracted services.
The provisions of ASME NQA-1, Requirement 6 shall ap-
ply. If electronic controls are used, the Certificate Holder
shall describe the review, approval, and control process
to assure correct documents are being used at the loca-
tion where the activity is performed.

HAB-4134.7 Control of Purchased Items and Ser-
vices. The requirements of HAB-3125 shall be used for
subcontracted services. The provisions of ASME NQA-1,

(a) the requirement does not apply to Authorized In-
spection Agency services.

(b) in para. 300, “Bid Evaluation,” the decision to per-
form bid evaluation for materials to confirm conformance
to procurement documents shall remain the responsibil-
ity of the GC Certificate Holder.

(c) in para. 503, “Certificate of Conformance," changes,
waivers, or deviations are not acceptable unless they
meet the requirements of this Subpart and Subsection
HH.

(d) in para. 503(c), “Certificate of Conformance,-the re-
solution of nonconformances shall be in conformance
with the requirements of this Subpart and Subséction HH.

(e) other than as provided in HAB-4134:3, the use of
ASME NQA-1, Requirement 7, para)\ 700, Commercial
Grade Items and Services, is not pérmitted.

(f) documentary evidence that\items conform to the re-
quirements of this Section shall'be available at the con-
struction or installation,site' before use or installation.
Requirements for documentary evidence are satisfied
for material when the\applicable rules of HAB-3860 for
material certification‘are met. For stamped items, the re-
quirements are‘satisfied by a Data Report.

(g) the requirements of HAB-3126 and HAB-3127 may
be used.

HAB<4134.8 ldentification and Control of Items.

(@) The provisions of ASME NQA-1, Requirement 8 shall
apply.

(b) All characteristics required to be reported by the
material specifications, this Subpart, and Subsection HH
shall appear on checklists, and each such characteristic
shall be examined by accepted procedures as required
and the results recorded. Characteristics included on Cer-
tified Material Test Reports need not be duplicated in the
checklists. Checklists shall provide for a record that the
Certified Material Test Reports have been received, re-
viewed, and found acceptable. When the results of the ex-
amination or test procedure conducted by the GC
Certificate Holder are necessary to show compliance with
material specification or other requirements, the check-
lists shall show the required range of values. The check-
lists shall include spaces for inclusion of document
number and revision to which examination or tests were
made; a signature, initials, or stamp; the date of the exam-
ination performed by the GC Certificate Holder’s repre-
sentative; the signature, initials, or stamp of an
Inspector; and the date on which those activities were
witnessed.

HAB-4134.9 Control of Processes.

(a) The provisions of ASME NQA-1, Requirement 9 shall
apply, except that requirements for welding and brazing
are not applicable to Core Components or Core
Assemblies.

(b) The GC Certificate Holder shall prepare instruc-
tions, procedures, drawings, checklists, travelers, or other

Requirement 7 shall apply, except that

26

appropriate documents, Including the document numbers


https://asmenormdoc.com/api2/?name=ASME BPVC.III.5 (ASME BPVC Section 3 Division 5) 2023.pdf

ASME BPVC.IIL.5-2023

and revisions to which the process conforms, with space
provided for reporting results of completion of specific
operations at checkpoints of manufacture or installation.
The documents shall include space for a signature, initials,
or stamp; the date that the activity was performed by the
GC Certificate Holder’s representative; the signature, initi-
als, or stamp of an Inspector; and the date on which those
activities were witnessed.

HAB-4134.10 Inspection.

(a) The provisions of ASME NQA-1, Requirement 10
shall apply, except for para. 700, “Inspections During
Operations.”

(b) The GC Certificate Holder shall prepare process
sheets, travelers, or checklists, including the document
numbers and revision to which the examination or test
is to be performed, with space provided for recording re-
sults of examinations and tests. The documents shall in-
clude space for a signature, initials, or stamp; the date
that the activity was performed by the GC Certificate
Holder’s representative; the signature, initials, or stamp
of an Inspector; and the date on which those activities
were witnessed. The examination checklist for construc-
tion of items shall be filled in and completed by the GC
Certificate Holder.

(c) Mandatory hold points at which witnessing is re-
quired by the GC Certificate Holder’s representative or
the Inspector shall be indicated in the controlling docu-
ments (HAB-4134.9). Work shall not proceed beyond
mandatory hold points without the consent of the GC Cer=
tificate Holder’s representative or the Inspector, as
appropriate.

HAB-4134.11 Test Control. The provisions)of ASME
NQA-1, Requirement 11 shall apply.

HAB-4134.12 Control of Measuring and Test Equip-
ment.

(a) The provisions of ASME NQA-1, Requirement 12
shall apply.

(b) The GC Certificate Holder may perform periodic
checks on equipment to determine that calibration is
maintained. When periodic checking is used, discrepan-
cies need only be resolved to the prior check, provided
the discrepancy-is.discovered by the periodic check. The
methods and frequency of periodic checking, when used,
shall be included in the GC Certificate Holder’s Quality As-
surance(Program.

HAB-4134.13 Handling, Storage, and Shipping. The
provisions of ASME NQA-1, Requirement 13 shall apply.

HAB-4134.14 Inspection and Test Status. The provi-
sions of ASME NQA-1, Requirement 14 shall apply for in-
spections and tests, but not for operating status.

HAB-4134.15 Control of Nonconforming Items. The
provisions of ASME NQA-1, Requirement 15 shall apply,
except that the definition of “repair” given in Article
NCA-9000 shall apply in lieu of the definitions of “repait
and “rework” given in ASME NQA-1.

HAB-4134.16 Corrective Action.

(a) The provisions of ASME NQA-1, Requirement 16
shall apply.

(b) The requirements shall also extend.to the perfor-
mance of the subcontractor’s correctitzeyaction measures.

HAB-4134.17 Quality Assurance Records.

(a) General. The provisions/0f ASME NQA-1, Require-
ment 17 shall apply except thatithe requirements for para.
400, “Classification”; paraz 500, “Receipt Control of Re-
cords”; and para. 600,%“Storage,” are not applicable. Such
records shall be classified and maintained as required
by this Subpart and' Subsection HH.

(b) Records Iidex. The records shall be indexed. The re-
cords and theindices thereto shall be accessible to the
Owner, Owner’s designee, and Inspector.

(c)-Lifetime Records. The records listed in Table
HAB4134.17-1 shall be classified as lifetime records.
The’GC Certificate Holder shall be responsible for the re-
téntion and maintenance of these records while they are
under its control. The Owner shall be responsible for re-
tention and maintenance of those records that are trans-
ferred to it.

(d) Nonpermanent Records. The records listed in Table
HAB-4134.17-2 shall be classified as nonpermanent re-
cords. The GC Certificate Holder shall be responsible for
their retention for the period specified in Table
HAB-4134.17-2. In no case need nonpermanent records
be retained for longer than 10 yr after completion of
the applicable Code Data Report.

HAB-4134.18 Audits.

(a) The provisions of ASME NQA-1, Requirement 18
shall apply.

(b) Results of audits shall be made available to the In-
spector for Core Components.

(c) The audit frequency shall be specified in the GC Cer-
tificate Holder’s Quality Assurance Manual. The GC Certi-
ficate Holder’s audit frequency shall be commensurate
with its schedule of activities and shall be such that each
ongoing Code activity is audited at least once annually.
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Table HAB-4134.17-1
Lifetime Quality Assurance Records

List Number Record

1 Index to lifetime records (HAB-4134.17)

Code Data Reports (HAB-8400)

Design Specification (HAB-3250)

Design Output Documents (HAB-3350)

Construction Specification (HAB-3340)

As-built drawings (HAB-3454)

Heat treatment records [Note (1)]

Final Nondestructive Examination Records (as required)

Certified Material Test Reports (CMTR) and documentation providing traceability to location used,if required
10 Construction Report (HAB-3454)

O© 0NN Ul A WN

GENERAL NOTE: Nonconformance reports that affect those records listed shall be incorporated into the¥ecord or be retained
with the record.

NOTE:
(1) Heat treatment records may be a summary supplied as part of the CMTR.

Table HAB-4134.17-2
Nonpermanent Quality Assurance Records

List Number Record Retention Period
1 QA Program Manual 3 yr after superseded or invalidated
2 Design procurement and QA procedures (HAB-4134.5) 3 yr after superseded or invalidated
3 Installation and NDE procedures 10 yr after superseded or invalidated
4 Personnel qualification records 3 yr after superseded or invalidated
5 Purchase orders 10 yr after superseded or invalidated
6 Audit and survey reports (HAB-4134118) 3 yr after completion of report
7 Calibration records (HAB-4134,12) Until recalibrated
8 Process sheets, travelers, or checklists (HAB-4134.10) 10 yr after completion
9 Certifying Engineer qualification records (Section III Appendices, 3 yr after superseded or invalidated

Mandatory Appendix XXIII)

GENERAL NOTE: Nonconformance reports, which affect those records listed and are not incorporated into the record, shall be
retained for the retention period.-dpplicable to the record the nonconformance report affects.
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HAB-4500 GRAPHITE AND COMPOSITE
MATERIAL ORGANIZATION
QUALITY SYSTEM PROGRAM
REQUIREMENTS

HAB-4550 QUALITY SYSTEM PROGRAM
REQUIREMENTS

HAB-4551 Responsibility and Organization

HAB-4551.1 General.

(a) The Material Organization shall establish a Quality
System Program for the control of quality during manu-
facture or during other work it proposes to perform,
and for the traceability of material under its control.
The Program shall be planned, documented, implemen-
ted, and maintained in accordance with the requirements
of HAB-4500.

(b) The establishment of the Program shall include con-
sideration of the technical aspects and provide for plan-
ning and accomplishment of activities affecting quality.
The Program shall provide for any special controls, pro-
cesses, test equipment, tools, and skills to attain the re-
quired quality and for verification of quality.

HAB-4551.2 Scope and Applicability.

(a) The Quality System Manual shall define the specific
activities included in the scope of the work the Material
Organization proposes to perform, including any combi-
nation of

(1) material manufacture

(2) Core Component machining

(3) installation

(4) testing, examination, repair, or treatments re-
quired by the material specification or the specific appli-
cable material requirements of this Subpart and
Subsection HH, and certification of the\réesults of such
tests, examinations, or treatments

(5) receipt, identification, verification, handling, stor-
age, and shipment of material

(6) approval and control’of subcontracted services
(HAB-4555.3)

(b) The Program shall include measures to comply with
all requirements of this subarticle, to the extent necessary
to ensure compliance with the requirements of this Sub-
part and Subsection HH.

HAB-4551:3 Organization.

(a) The pbrganizational structure for executing the Pro-
gram ‘may take various forms, provided the persons and
organizations assigned the quality system functions have
the required authority and organizational freedom.

(b) Persons or organizations responsible for defining
and measuring the overall effectiveness of the Program
shall

(1) be designated

(2) be sufficiently independent from the pressures of
production

(3) have direct access to responsible management at

(4)report regularly on the effectiveness of the
Program

(c) The organizational structure, functional responsi-
bilities, levels of authority, and lines of communication
for activities affecting quality shall be documented. Per-
sons or organizations responsible for ensuring that an ap-
propriate Quality System Program has been established
and verifying that activities affecting quality have been
correctly performed shall have sufficient authority, aceess
to work areas, and organizational freedom to

(1) identify quality problems

(2) initiate, recommend, or provide salutions to qual-
ity problems through designated chanhels

(3) verify implementation of solutions

(4) ensure that further processing, delivery, or use is
controlled until proper dispgsition of a nonconformance,
deficiency, or unsatisfactety condition has occurred

(d) Individuals or groups assigned the responsibility of
checking, auditing, orotherwise verifying that production
and quality control activities have been correctly per-
formed shall beindependent of the individual or group di-
rectly responsible for performing the specific activity.
Such persons shall not report directly to the supervisor
with,immediate responsibility for the work being verified.

()" Management shall regularly review the status and
adequacy of the Quality System Program.

HAB-4552 Personnel

HAB-4552.1 Indoctrination, Training, and Qualifi-
cation of Personnel.

(a) Measures shall be established to ensure that all per-
sonnel performing or managing activities affecting quality
are indoctrinated and trained. The assignment of person-
nel shall be at the discretion of the organization’s man-
agement. Indoctrination and training measures shall
reflect the following requirements:

(1) Personnel to be indoctrinated or trained shall be
identified.

(2) The extent of indoctrination and training shall be
commensurate with the scope, complexity, and nature of
the activity as well as the education, experience, and pro-
ficiency of the person.

(3) Personnel shall be indoctrinated in the general
criteria, applicable codes, standards, company proce-
dures, Quality System Program requirements, job respon-
sibilities, and authority as they relate to a particular
function.

(4) Training shall be provided, as needed, to achieve
initial proficiency, maintain proficiency, and adapt to
changes in technology, methods, and job responsibilities.

(b) All nondestructive examination personnel shall be
qualified on the basis of education, experience, training,
and examination in accordance with the requirements

a Ievel where appropriate action can be initiated
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(c) Personnel who lead audits shall be qualified on the
basis of education, experience, training, audit participa-
tion, and examination in accordance with the organiza-
tion’s Quality System Program.

HAB-4552.2 Personnel Records.

(a) Records shall be maintained of the implementation
of indoctrination and training of personnel. Records of in-
doctrination and training may take the form of attendance
sheets, training logs, or personnel training records.

(b) Qualification records of all nondestructive examina-
tion personnel shall be documented and maintained.

(c) Qualification records of personnel who lead audits
shall be documented and maintained and shall include
education, experience, audit training and examination,
and audit participation used as the basis of qualification.

HAB-4553 Program Documentation

HAB-4553.1 Quality System Manual.

(a) The Quality System Program shall be described and
summarized in a Quality System Manual that shall be a
major basis for demonstration of compliance with the
rules of this Division.

(b) The Program documented in the Manual shall be
implemented by written procedures that are maintained
either separately or in the Quality System Manual.

(c) Detailed technical procedures and processes, such
as those for nondestructive examination, are not consid-
ered part of the Manual; however, the controls of such
procedures and processes shall be covered by the Manual.

(d) The Quality System Manual may be hard copy or
electronic, provided the controls are described to ensure
approved revisions are made available for use by-the Ma-
terial Organization personnel.

HAB-4553.2 Procedures, Instructions;-and Draw-
ings.

(a) Activities affecting quality shalkbe prescribed by
and performed in accordance with-documented instruc-
tions, procedures, or drawings\of-a type appropriate to
the circumstances.

(b) These documents shall“include or reference appro-
priate acceptance critefia for determining that the pre-
scribed activities hdveybeen satisfactorily completed.

HAB-4553.3 \.Document Control. The preparation, is-
sue, and change of documents, including electronic docu-
ments, thatspecify quality requirements or prescribe
activities, affecting quality, such as Quality System Pro-
graml Manuals, purchase specifications, instructions, pro-
cédures, and drawings shall be controlled to ensure that
the correct documents are being used at the location
where the activity is performed. Such documents, includ-
ing changes thereto, shall be reviewed for adequacy and
approved for release by authorized personnel.

HAB-4553.4 Quality Assurance Records. Records
that furnish documentary evidence of quality shall be spe-

shall be legible, identifiable, and retrievable. Records shall
be protected against damage, deterioration, or loss. Re-
quirements and responsibilities for record transmittal,
distribution, retention, maintenance, and disposition shall
be established and documented.

HAB-4553.5 Records of Examinations and Tests. All
characteristics required to be reported by the material
specification, this Subpart, and Subsection HH shall be
verified and the results recorded. Records shall be trace*
able to the document and revision to which an inspection,
examination, or test was performed.

HAB-4555 Control of Purchased Mateérials and
Services

HAB-4555.1 General.

(a) Measures shall be establishedto ensure that all pur-
chased material and subcontypacted services conform to
the requirements of this Subpart and Subsection HH.

(b) These measures shall\be designed to prevent the
use of incorrect or defective material or materials that
have not received the required examinations or tests.

HAB-4555.2 - Sources of Material and Services.

(a) Materidl shall be furnished by a Material Organiza-
tion [HAB=3820(a) or HAB-3820(b)] or by a GC Certificate
Holder{HAB-3820(c)].

(b),Cote Component machining or finishing shall be
performed by a Material Organization [HAB-3820(a)
orr HAB-3820(b)] or by a GC Certificate Holder
[HAB-3820(c)].

(c) Installation shall be performed by a Material Orga-
nization [HAB-3820(a) or HAB-3820(b)] or by a GC Certi-
ficate Holder [HAB-3820(c)].

(d) Services including performance and certification of
operations, processes, the results of tests, examinations,
or treatments required by the material specification or
by this Subpart and Subsection HH shall be furnished by
a Material Organization, by an approved supplier, or by
a GC Certificate Holder.

HAB-4555.3 Approval and Control of Suppliers of
Subcontracted Services.

(a) The Material Organization or GC Certificate Holder
shall be responsible for the approval and control of activ-
ities performed by suppliers of subcontracted services.
Such control shall provide for source evaluation and se-
lection, evaluation of objective evidence of quality, audit,
and examination of items and services upon delivery, in
accordance with requirements documented in the Materi-
al Organization’s or GC Certificate Holder’s Program.

(b) The Material Organization or GC Certificate Holder
shall be responsible for establishing and verifying that
the supplier’s controls applicable to the activities per-
formed are adequate by either

(1) performing a survey of the supplier’s quality sys-
tem and performing triennial audits covering applicable
elements of the approved supplier’s established quality

Clfied, prepared, controlled, and maintained. Kecords
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subarticle, supplemented by annual evaluations of the ap-
proved supplier’s quality system, including a review of
the history of conditions adverse to quality, nonconfor-
mances, and corrective actions, or

(2) having the supplier perform the activities in ac-
cordance with controls established by the Material Orga-
nization’s or GC Certificate Holder’s Program

(c) As an alternative to the survey and audit of subcon-
tracted calibration services, a Material Organization, ap-
proved supplier, or GC Certificate Holder may accept
accreditation by accrediting bodies recognized by the In-
ternational Laboratory Accreditation Cooperation (ILAC)
Mutual Recognition Arrangement (MRA), provided that
the following requirements are met:

(1) A documented review of the calibration suppli-
er’s accreditation shall be performed and shall include
verification that

(-a) the accreditation is to ISO/IEC 17025, General
Requirements for the Competence of Testing and Calibra-
tion Laboratories, from an accredited body recognized by
the ILAC MRA

(-b) the published scope of accreditation for the
calibration laboratory covers the needed measurement
parameters, ranges, and uncertainties

(2) The procurement documents shall specify

(-a) that the service must be provided in accor-
dance with the accredited ISO/IEC 17025 program and
scope of accreditation

(-b) that the calibration certificate/report shall in-
clude identification of the laboratory equipment/stan-
dards used

(-c) that the calibration certificate/reportshall in-
clude as-found calibration data when calibrateditems are
found to be out-of-tolerance

(-d) that the service supplier shall not subcontract
the service to any other supplier

(-e) that the Material Organization, approved sup-
plier, or GC Certificate Holder must be notified of any con-
dition that adversely impagts‘the laboratory’s ability to
maintain the scope of accreditation

(-f) additional technical and quality requirements,
as necessary, based pn a review of the procured scope
of services, includinhg, but not limited to, tolerances, ac-
curacies, ranges, and industry standards

(3) At.réceipt inspection, the Material Organization,
approvéd supplier, or GC Certificate Holder shall be re-
sponsible for validating that the supplier’s documentation
certifies

(-a) that the subcontracted calibration was per-
formed in accordance with the supplier’s ISO/IEC 17025
program and scope of accreditation

(-b) conformance to the procurement document’s
requirements

(4) This activity shall be documented in the Material
Organization’s Quality System Program Manual, approved
supplier’s quality program, or GC Certificate Holder’s

(d) As an alternative to survey and audit of subcon-
tracted testing services, a Material Organization, ap-
proved supplier, or GC Certificate Holder may accept
accreditation by accrediting bodies recognized by the
ILAC MRA, provided the following requirements are met:

(1) A documented review of the supplier’s accredita-
tion shall be performed and shall include verification that
the

(-a) accreditation is to ISO/IEC 17025, General Re-
quirements for the Competence of Testing and Galibration
Laboratories, from an accredited body recoghized by the
ILAC MRA

(-b) published scope of accreditation for the test-
ing laboratory covers the needed tésting services, includ-
ing test methodology and tolerances/uncertainties

(2) The procurement déc¢uments shall specify

(-a) that the serviee-must be provided in accor-
dance with the accredited ISO/IEC 17025 program and
scope of accreditation

(-b) that the-service supplier shall not subcontract
the service to.any other supplier

(-¢) .that the Material Organization, approved sup-
plier, or\G€ Certificate Holder must be notified of any con-
ditién that adversely impacts the laboratory’s ability to
maintain the scope of accreditation

(-d) additional technical and quality requirements,
as necessary, based on a review of the procured scope of
services, including, but not limited to, tolerances, accura-
cies, ranges, and industry standards

(3) At receipt inspection, the Material Organization,
approved supplier, or GC Certificate Holder shall be re-
sponsible for validating that the testing supplier’s docu-
mentation certifies

(-a) that the subcontracted testing was performed
in accordance with the supplier’s ISO/IEC 17025 program
and scope of accreditation

(-b) conformance to the procurement document’s
requirements

(4) This activity shall be documented in the Material
Organization’s Quality System Program Manual, approved
supplier’s quality program, or GC Certificate Holder’s
Quality Assurance Program Manual.

(e) The Material Organization or GC Certificate Holder
shall be responsible for ensuring that all material and ac-
tivities conform to all applicable requirements of this Sub-
part and Subsection HH.

HAB-4555.4 Procurement Document Control.

(a) Procurement documents shall include requirements
necessary to ensure compliance with the requirements of
this Subpart and Subsection HH.

(b) Procurement documents shall require material or
subcontracted services to be furnished in accordance

Quality Assurance Frogram Manual.
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(c) Procurement documents shall require approved
suppliers to reference the accepted quality system or con-
trols established by the Material Organization or GC Cer-
tificate Holder on documentation that accompanies the
services furnished.

(d) Procurement documents that specify quality re-
quirements or prescribe activities affecting quality shall
be reviewed for adequacy and approved for release by
authorized personnel.

HAB-4556 Identification, Marking, and Material
Control
HAB-4556.1 General.

(a) Control shall be established to ensure that only cor-
rect and accepted material is used. Identification shall be
maintained on these materials or on documents traceable
to these materials, or in a manner that ensures the iden-
tification is established and maintained.

(b) Measures shall be established for controlling and
identifying material, including that which is partially pro-
cessed, throughout the manufacturing process; during the
performance of tests, examinations, and treatments; and
during receipt, storage, handling, and shipment.

(c) Identification marking shall be transferred to all
pieces when material is divided.

HAB-4556.2 Marking Method. Materials shall be
marked by any method acceptable to the purchaser that
will not result in harmful contamination or sharp discon-
tinuities and will identify these materials in accordance
with the material specification.

HAB-4556.3 Identification of Completed Material.

(a) The identification of completed material by the Ma-
terial Manufacturer shall consist of marking'each billet
with an identification number, traceable to\the forming
lot number, the charge number, the grade’of the material,
and any additional marking required by.this Subpart and
Subsection HH to facilitate traceability of the material to
reports of the results of all tests and examinations
performed.

(b) The identification of machined Core Components by
the Core Component Manufacturer shall consist of mark-
ing each Core Component with an identification number,
traceable to the matérial identification number, and any
additional marking required by this Subpart and Subsec-
tion HH to facilitate traceability of the material to reports
of the results of all tests and examinations performed.

(c)-Amarking symbol or code may be used that identi-
fies.the material, provided such code or symbol is ex-
plained in the Certified Material Test Report
(HAB-3862.1).

(d) All requirements of the material specification shall
be met except where specifically exempted or superseded
by a provision of this Subpart and Subsection HH. When
special requirements or provisions of this Subpart and
Subsection HH conflict with the requirements of the ma-

number shall be followed with an asterisk (*) to indicate
that the material specification has been revised as shown
on the material certification.

(e) Except as required by the specification, keys and
dowels, or other products where the largest space avail-
able for marking is less than 1 in. (25 mm) in any one di-
rection need not be individually marked, provided they
are packed in packages or containers that shall be clearly
identified by legible marking to ensure positive identificas
tion of the material. The markings on the containers shall
identify the material with the Certified Material Tést Re-
port (HAB-3862.1), as applicable.

HAB-4557 Process Control

HAB-4557.1 General. Processes affecting quality of
materials or services shall be cofitrolled. Special pro-
cesses that control or verify quality shall be performed
by qualified personnel using‘qualified procedures in ac-
cordance with specific reqliirements as applicable.

HAB-4557.2 Manufacturing Process Control. Opera-
tions shall be performed under a controlled system, such
as process sheetsyshop procedures, checklists, travelers,
or equivalent-procedures. Measures shall be established
to ensure_that'processes are controlled in accordance
with the{material specification and the rules of this Sub-
part ahd)Subsection HH.

HAB-4557.3 Handling, Storage, Shipping, and Pre-
servation. Instructions shall be established for handling,
Storage, shipping, and preservation of material to prevent
damage or deterioration.

HAB-4558 Control of Examinations, Tests, and
Nonconforming Material

HAB-4558.1
Control.

(a) Inspections, examinations, and tests shall be estab-
lished to ensure conformance with the requirements of
the material specification, this Subpart, and Subsection
HH.

(b) Inspections or examinations required to verify con-
formance of material or an activity to specified require-
ments shall be planned. Characteristics to be inspected
or examined, and inspection or examination methods to
be employed, shall be specified. Inspection or examina-
tion results shall be documented.

(c) Tests required to verify conformance to specified
requirements shall be planned. Characteristics to be
tested and test methods to be employed shall be specified.
Test results shall be documented, and their conformance
with acceptance criteria shall be evaluated.

HAB-4558.2 Control of Measuring and Test Equip-
ment.

(a) Procedures shall be in effect to ensure that tools,
gages, instruments, and other measuring and testing de-
vices used to verify compliance with the material specifi-

Inspection, Examination, and Test

terial specilication, the material specification and grade
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and properly adjusted at specific periods or use intervals
to maintain accuracy within necessary limits. Periodic
checks on equipment may be performed to determine
that calibration is maintained.

(b) Calibration shall be against certified equipment
having known valid relationships and documented trace-
ability to nationally recognized standards, where such
standards exist. If no known nationally recognized stan-
dards exist, the basis for calibration shall be documented.

(c) Control measures shall include provisions for mea-
suring and test equipment identification and for deter-
mining calibration status by equipment marking or on
records traceable to the equipment.

HAB-4558.3 Discrepancies in Measuring or Testing
Equipment.

(a) When discrepancies in excess of tolerances for mea-
suring or testing equipment are found at calibration, ap-
propriate corrective action shall be taken, and material
measured or tested since the previous calibration shall
be reviewed to determine that all applicable require-
ments have been met.

(b) When periodic checks on equipment are performed
to determine that calibration is maintained, potential ma-
terial discrepancies need only be resolved to the previous
check, provided

(1) the methods used and frequency of periodic
checking are described in calibration procedures

(2) the calibration discrepancy was found by peri-
odic check

HAB-4558.4 Inspection and Test Status. Measures
shall be established so that the status and results of any
required inspections, examinations, or tests cdn'\be deter-
mined at any time. Status shall be maintained through in-
dicators such as physical location and tags; marking, shop
travelers, stamps, inspection records, ot other suitable
means. The authority for application.ahd removal of such
indicators shall be specified.

HAB-4558.5 Control of Nonconforming Material.

(a) Adequate control méasures shall be established to
prevent the use of material that does not conform to the
requirements of the'material specification, this Subpart,
and Subsection HH;

(b) Material with nonconformances shall be identified,
segregated When practical, and reviewed for acceptance
or rejection in accordance with documented procedures.
The responsibility and authority for the disposition of
nohconformances in these materials shall be defined.

(c) Measures that control further processing of noncon-
forming or defective material pending a decision on its
disposition shall be established and maintained. These
control measures shall extend to notification of other af-
fected organizations, as appropriate.

HAB-4559 Audits and Corrective Action

HAB-4559.1 Audits.

(a) Audits shall be performed in accordance’with writ-
ten procedures or checklists by personnelnot having di-
rect responsibility in the areas being‘atudited.

(b) Audit results shall be documented by auditing per-
sonnel for review by managenient having responsibility
in the area being audited.

(c) Procedures shall include provisions for documenta-
tion of corrective actiontaken in response to deficiencies.
Follow-up action, in¢luding re-audit of deficient areas,
where indicated, shall be taken to verify implementation
of such corréctive actions.

(d) In addition to audits of Material Organizations and
supplieks,”a comprehensive system of planned internal
audits shall be performed at least annually to ensure com-
pliance with all aspects of the Quality System Program
and to determine the effectiveness of the Program.

(e) Internal audits shall be performed in accordance
with the requirements of (a) through (d) above.

HAB-4559.2 Corrective Action.

(a) Measures shall be established to ensure that condi-
tions adverse to quality, such as failures, malfunctions,
deviations, defective material and equipment, nonconfor-
mances, and quality system deficiencies, are promptly
identified and reported to appropriate levels of manage-
ment. The measures shall also ensure that the cause of
conditions adverse to established quality levels are deter-
mined and corrected.

(b) The identification of significant or recurring condi-
tions adverse to quality, the cause of the condition, and
the corrective action taken shall be documented and re-
ported to appropriate levels of management.

(c) These requirements shall also extend to the perfor-

mance of the approved supplier’s corrective action
measures.
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ARTICLE HAB-5000
AUTHORIZED INSPECTION

HAB-5100 INTRODUCTION
HAB-5110 APPLICABILITY

(a) This Article provides the requirements for the in-
spection of items constructed in accordance with this
Subpart and Subsection HH by the Authorized Inspection
Agency.

(b) When preservice examinations are required by this
Subpart and Subsection HH, inspection of the preservice
examinations by the Authorized Inspection Agency shall
be in accordance with applicable paragraphs of Section XI.

HAB-5120 PERFORMANCE OF INSPECTION
HAB-5121 Authorized Inspection Agency

(a) An Authorized Inspection Agency is one designated
by, or is one acceptable to, the appropriate Enforcement
Authority. The Authorized Inspection Agency shall be ac-
credited by the Society in accordance with the provisions
set forth in ASME QAI-1, Qualification for Authorized
Inspection.

(b) The Authorized Inspection Agency shall notify the
Society when it enters into an agreement with an Oyner
or a GC Certificate Holder, or whenever an existing agree-
ment is terminated. The Authorized Inspection{Agency
shall also notify the Enforcement Authority\whenever
an agreement with an Owner is written oran Owner’s
agreement is terminated.

HAB-5122 Authorized Nuclear Inspector
Supervisor

The Authorized Inspection.Agency shall employ Inspec-
tor Supervisors qualified-iiiaccordance with ASME QAI-1,
Qualification for Authorized Inspection, to supervise In-
spectors performing ihspections required by this Subpart
and Subsection HH.

HAB-5123 ) Authorized Nuclear Inspector

The-Authorized Inspection Agency shall also employ an
Ingpector qualified in accordance with ASME QAI-1, Qual-
ification for Authorized Inspection, to perform inspec-
tions required by this Subpart and Subsection HH. The

inspections required by this Subpart and Subsection HH
shall be performed by an Inspector. The Inspectof, shall
not be in the employ of a GC Certificate Holderx

HAB-5125 Duties of Inspector Supervisors

The responsibilities of the Inspector\Supervisor include
the requirements of (a) through (K).

(a) Supervisors, in conjunction/with Inspectors em-
ployed by the same Autherized Inspection Agency
(HAB-5121), shall participate in the Society’s review of
the applicant’s QualitytAsstrance Program (HAB-8160).
In those cases where the Supervisor performs the func-
tions of the Inspector, the Supervisor may represent both
during the review*of the Program.

(b) A Supervisor designated by the Authorized Inspec-
tion Agerigy shall review and accept any proposed modi-
fications)to Quality Assurance Manuals before they are
putiinto effect.

{c) The Supervisor shall audit the Inspector’s perfor-
mance at least twice per year at locations where the Cer-
tificate Holder is actively engaged in work according to
this Subpart and Subsection HH.

(d) The Supervisor shall be available as needed for con-
sultation and support of the local inspection staff.

(e) The Supervisor shall maintain supervisory control
over one or more Inspectors and shall perform all the
functions and maintain the records required of the Super-
visor in ASME QAI-1.

(f) The portion of a GC Certificate Holder’s Quality As-
surance Program that involves supply or manufacture
and supply of materials [HAB-3820(c)] shall be audited
by the Supervisor at least once each year.

(g) The Owner’s Quality Assurance Program shall be
audited annually by the Supervisor. The Supervisor shall
report the results to the Society for review and determi-
nation as to whether the Owner’s Certificate shall be
renewed.

(h) At least once each year, the Supervisor shall audit
the GC Certificate Holder’s or Owner’s (or the Owner's
designee’s) Certifying Engineer qualification activities to
verify that the procedures are being followed and that re-
cords exist to support the qualification activities.
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PERSONNEL’

HAB-5131 Access to the GC Certificate Holder's
Facilities

(a) The GC Certificate Holder shall arrange for the
Authorized Inspection Agency personnel to have free ac-
cess at all times to those locations where Code activities,
including those concerned with supply or manufacture of
materials, are being performed on an item, when so re-
quested. The GC Certificate Holder shall keep the Inspec-
tor informed of the progress of the work and shall notify
the Inspector reasonably in advance when the item will
be ready for any required tests or inspections.

(b) The GC Certificate Holder shall provide personnel to
accompany the Inspector Supervisor during the Supervi-
sor's required audits.

HAB-5132 Access to the Owner's Facilities

The Owner shall arrange for the Authorized Inspection
Agency personnel to have free access to the Owner’s facil-
ities as required to perform duties under the Owner’s
agreement with the Authorized Inspection Agency
(HAB-5121).

HAB-5200 DUTIES OF INSPECTORS

HAB-5210 GENERAL INSPECTION DUTIES

(a) The Inspector who performs the detailed inspec-
tions in compliance with this Subpart and Subsection
HH shall witness or otherwise veérify all examinations
and make all inspections required by this Subpart and
Subsection HH. The Inspecto¥’shall also make any other
inspections and witness orverify (including making mea-
surements) any other éxaminations and additional inves-
tigations that, in the Inspector's judgment, are necessary
to ascertain whether the item being inspected has been
constructed in cempliance with the rules of this Subpart
and Subsection HH. This shall include verification that
the itemS being inspected have been constructed in accor-
dance with the approved Design Drawings and Construc-
tioh Specifications.

(b) The duties of the Inspector shall not be interpreted
by virtue of these rules to extend to any construction re-
quirements beyond those of this Subpart and Subsection
HH that may be set forth in the Design Specification
(HAB-3250) or on Design Drawings and Construction
Specifications (HAB-3340). However, such requirements
shall not result in construction that fails to conform with
the requirements of this Subpart and Subsection HH

—— HAB-5I30 ACCESS FORINSPECTION AGENCY — HAB-5220 CATEGORIES OF DUTIESFOR

INSPECTORS

The duties of the Inspector shall include, but not neces-
sarily be limited to, those given in (a) through (k) as
follows:

(a) verifying the scope of work to be performed
[HAB-5230(a)]

(b) monitoring the GC Certificate Holder’s Quality/As-
surance Program including subcontracted activities
(HAB-5240)

(c) reviewing the GC Certificate Holder’s 'qualification
records (HAB-5250)

(d) verifying materials (HAB-5260)

(e) witnessing or verifying if:process construction ac-
tivities, examinations, and tésts'(HAB-5270)

(f) reviewing and signing Data Reports and Construc-
tion Reports (HAB-5290)

(g) reviewing drawings and inspecting in accordance
with them

(h) monitoring the Code activities of the Owner

(i) assupihg that Design Reports that are required by
HAB-3352 are available

() performing all other duties specifically required in
ASME QAI-1, Qualification for Authorized Inspection, as
applicable

(k) verifying all preservice examinations have been
completed to the Section XI edition specified
[HAB-3252(b)]

HAB-5230 SCOPE OF WORK, DESIGN
SPECIFICATIONS, AND DESIGN
REPORTS

(a) The Inspector shall verify that the scope stated in
the Certificate includes the work to be performed.

(b) The Inspector shall verify that the Design Specifica-
tion, Design Drawings, Construction Specifications, Con-
struction Reports, and Design Reports, when required,
are on file and that they have been properly certified in
accordance with HAB-3255, HAB-3360, and HAB-3380.

(c) The Inspector shall not be held responsible for the
scope or adequacy of the Design Specifications, for the
completeness or accuracy of the Design Report or calcula-
tions, for the information reported in the Construction
Report, but shall verify that the certified document has
been certified by a Certifying Engineer. The Owner or
its designee, Designer, or Certificate Holder, on whose be-
half the document has been certified, shall provide objec-
tive evidence that the Certifying Engineer has been
qualified by the Owner or its designee, Designer, or Certi-
ficate Holder, in accordance with the requirements of this

(HABb-53452 and HAB-345U].
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HAB-5240 QUALITY ASSURANCE PROGRAMS

HAB-5241 Stipulation of Inspections Prior to
Issuance of Process Sheets or
Controls

Prior to the issuance of process sheets or controls re-
quired by HAB-4134.9, the GC Certificate Holder shall re-
view them and the applicable drawings with the
Inspector, who shall then stipulate the inspections in-
tended to be performed in order to fulfill the require-
ments of HAB-5210.

HAB-5242 Monitoring of Quality Assurance
Programs

(a) The Inspector shall monitor the performance of the
GC Certificate Holder for conformity to the requirements
of their Quality Assurance Program accepted by the So-
ciety. The Inspector shall verify that all changes to the
Quality Assurance Manual have been accepted by the
Authorized Inspection Agency before they are put into
effect.

(b) The Inspector shall monitor the Owner’s progress in
compiling supporting data needed to complete the ASME
Data Report Form N-3 (see Section III Appendices, Man-
datory Appendix V).

HAB-5243 Process Control Checklist

The Inspector shall indicate concurrence on the GC Cer-
tificate Holder’s process sheets or checklist that compli-
ance has been attained at each stipulated point
(HAB-5241).

HAB-5250 QUALIFICATION RECORDS
HAB-5251 Review of Qualification Records

The Inspector shall review the qualification records of
the GC Certificate Holder.

HAB-5255 Examination Procedures

Inspectors shall assure.themselves that the examina-
tion and testing procedures required by this Subpart
and Subsection HH ‘have been qualified. When there is a
specific reason to question whether the examination or
testing procedure requirements are being met, the In-
spector may require requalification of the procedure.

HAB-5256 Nondestructive Examination
Personnel

The Inspector has the duty to verify the qualification
and certification of nondestructive examination (NDE)
personnel employed by the Certificate Holder and has
the duty to monitor the NDE activities and require requal-
ification of any personnel when there is reason to ques-
tion the performance of that person. In addition, the

Assurance Program as it relates to the NDE activities of
Material Organizations and NDE subcontractors that the
Certificate Holder qualified.

HAB-5260 MATERIALS AND CORE
COMPONENTS

Inspection of Materials for
Compliance

HAB-5261

Inspectors shall assure themselves that all materials
used comply with all applicable requirements of\this Sub-
part and Subsection HH. The GC Certificate Holder shall
make available to the Inspector certified-reports of the re-
sults of all tests performed in accordance-with (a) and (b)
as follows:

(a) the material specifications

(b) the requirements in _Article HHA-2000 or Article
HHB-2000, including cettified reports of the results of
all required tests andexaminations performed.

HAB-5262 Dimensional Check

Inspectors shall assure themselves that the item is
being eonstructed within the tolerances required by the
Design Specification, Design Drawings, Construction Spe-
Cifications, this Subpart, and Subsection HH.

HAB-5270 EXAMINATIONS AND TESTS

The Inspector shall witness examinations and tests,
when feasible. Alternatively, the Inspector shall check
the examination and test records to determine the accept-
ability of the items involved.

HAB-5290 DATA REPORTS AND CONSTRUCTION
REPORTS

(a) The appropriate Data Reports prepared by the GC
Certificate Holder shall be reviewed and signed by the In-
spector only after they have been certified by a responsi-
ble representative of the GC Certificate Holder and after
the Inspector is satisfied that all requirements of this Sub-
part and Subsection HH have been met and that each Data
Report certified is a correct record. Certification by the
Designer of the G-1 Data Report is also required prior
to verification by the Inspector.

(b) The Inspector shall review and separately verify
that the information contained in the Construction Report
is valid and corresponds to the requirements of this Sub-
part and Subsection HH and that the Designer’s review
and certification of the Construction Report have taken
account of all requirements of this Subpart and Subsec-

Inspector shall monitor the Certiricate nolder s Quality
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HAB-5300 RESPONSIBILITIES OF THE
AUTHORIZED INSPECTION
AGENCY

The responsibilities of the Authorized Inspection
Agency shall include, but not necessarily be limited to,
those given in (a) through (h) as follows:

(a) Maintain a staff of Inspectors (HAB-5123) and In-
spector Supervisors (HAB-5122).

(b) Make agreements with GC Certificate Holders
and Owners for inspection service (HAB-5121 and
HAB-8130). Notify the Society whenever such agreements
are terminated (HAB-5121).

(c) Provide for participation in the Society’s review of
the applicant’s Quality Assurance Program (HAB-5125).

(d) Provide for the review and acceptance of any pro-
posed modifications to Quality Assurance Manuals before
they are put into effect (HAB-5125).

(e) Review and accept the GC Certificate Holder’s meth-
od of marking material and Core Components.

(f) Review and accept the GC Certificate Holder’s provi-
sions of positive identification and traceability of items.

(g) Determine by agreement with the GC Certificate
Holder the sequence for completion of the Data Reports.

(h) Perform all other duties specifically required in
ASME QAI-1, Qualifications for Authorized Inspéction, as
applicable.
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ARTICLE HAB-7000
REFERENCE STANDARDS

HAB-7100 GENERAL REQUIREMENTS

The standards and specifications referenced in the text of this Subpart and Subsection HH are listed:in)Table
HAB-7100-1. When editions other than the referenced editions are used, the differences shall be reviewed to €énsure that
all technical requirements of the Code are satisfied. References to requirements of the ASME Boiler and Pressure Vessel

Code are not included in this table.

Table HAB-7100-1

Standards and Specifications Referenced in This Subpart and Subsection HH

Standard ID

Published Title

Referenced Edition

The American Society of Mechanical Engineers (ASME)

laboratories

ASME NQA-1 Quality Assurance Requirements for Nuclear Facility Applications 2015
ASME QAI-1 Qualifications for Authorized Inspection Latest
American Society for Testing and Materials (ASTM International)

ASTM €625 Standard Practice for Reporting Irradiation Results on Graphite 2005

ASTM C781 Standard Practice for Testing Graphite andBoronated Graphite Materials 2008
for High-Temperature Gas-Cooled Nuclear Reactor Components

ASTM C1783 Standard Guide for Development of Spetifications for Fiber Reinforced 2015
Carbon-Carbon Composite Structures for Nuclear Applications

ASTM C1793 Standard Guide for Developmerit of\Specifications for Fiber Reinforced 2015
Silicon Carbide-Silicon Carbide Composite Structures for Nuclear
Applications

ASTM C1835 Standard Classification, for/Fiber Reinforced Silicon Carbide-Silicon 2016
Carbide (SiC-SiC) Cémposite Structures

ASTM C1836 Standard Classification for Fiber Reinforced Carbon-Carbon Composite 2016
Structures

ASTM D7219 Standard, Specification for Isotropic and Near-isotropic Nuclear Graphites 2008

ASTM D7301 Standard\Specification for Nuclear Graphite Suitable for Components 2008
Subjected to Low Neutron Irradiation Dose

International Organization for Standardization (ISO)
ISO/IEC 17025 General requirements for the competence of testing and calibration 2017
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ARTICLE HAB-8000
CERTIFICATES AND DATA REPORTS

HAB-8100 AUTHORIZATION TO PERFORM
CODE ACTIVITIES

HAB-8110 GENERAL

Authorization to certify work provided in this Subpart
and Subsection HH (see Table HAB-8100-1) will be
granted by the Society for a 3-yr period pursuant to the
provisions set forth in this Article.

HAB-8120 SCOPE OF CERTIFICATES

(a) The certificate (HAB-3120) will identify the shop or
field facility covered and state the scope of activities for
which authorization is granted. The Society may, at its
discretion, limit or extend the scope of an authorization
to any types or classes of items or to a specific location.

(b) A Certificate of Authorization will be issued by the
Society to an organization for certifying a data report
form.

(c) The Society may, at any time, make regulations con-
cerning the issuance and use of Certificates as it deems
appropriate, and all regulations shall become binding
upon the holders of a valid certificate.

HAB-8130 INSPECTION AGREEMENT REQUIRED

GC Certificate Holders and Owners*“shall possess an
agreement with an Authorized Inspection Agency® to pro-
vide inspection and audit services: The agreement with
the Authorized Inspection, Agency shall be made prior
to application for a survey.or, in the case of the Owner,
an interview. GC Certificate Holders and Owners shall no-
tify the Society whénever their agreements with an
Authorized Inspection Agency are canceled or changed
to another Authorized Inspection Agency.

HAB-8140° QUALITY ASSURANCE PROGRAM
REQUIREMENTS

Its a requirement that the Owner and Certificate
Holder have a Quality Assurance Program (Article
HAB-4000) that has been evaluated and accepted by the
Society.

HAB-8150 APPLICATION FOR CERTIFICATION

An Organization desiring a Certificate shall apply to the
Society upon forms issued by the Society describing the

HAB-8153 Code Activities Prior to Obtaining a GC
Certificate

Code activities performed prior to issuance'of a GC Cer-
tificate shall be subject to the acceptaneéof the Inspector.

HAB-8160 EVALUATION
HAB-8161 Evaluation for.a Certificate

(a) Applicants for a new,or'renewed certificate for de-
sign or construction of.Core Components or Core Assem-
blies require a surveyof their shop or field facilities. The
purpose of the survey is to evaluate the applicant’s Qual-
ity Assurance‘Manual and the implementation of the
Quality Assurarice Program.

(b) The extent of the survey will be determined by the
Society\based on a review of the applicant’s intended
scopé of Code activities described in the application.
The’acceptance by the Society of the Quality Assurance
Pfogram shall not be interpreted to mean endorsement
of technical capability to perform design work such as
system design or stress analysis, where the scope of the
certificate includes such activities. Such capability is im-
plied for the specific component involved by the certifica-
tion of Design Reports (HAB-3360) by a Certifying
Engineer on behalf of the Certificate Holder.

HAB-8162 Evaluation for an Owner's Certificate

(a) The Owner, after receipt of notification from the
regulatory authority that an application for a construction
permit or combined license for a specific plant has been
docketed, shall obtain an Owner’s Certificate
(HAB-3230) from the Society for unit(s) docketed concur-
rently for each nuclear power plant site prior to field in-
stallation. In lieu of a survey, the Owner will be
interviewed by the Society to verify the Owner’s under-
standing of Code responsibilities (HAB-3220) and to ob-
tain the Owner’s agreement to meet the requirements.

(b) The Owner’s Certificate (HAB-3230) shall be appli-
cable to nuclear power plant unit(s) docketed concur-
rently for each site.

HAB-8170 ISSUANCE

Each GC Certificate Holder or G Certificate Holder shall
have agreed that each Certificate is at all times the prop-
erty of the Society, that it will be used according to the
rules and regulations of this Subpart and Subsection
HH, and that the Certificate will be promptly returned

scope of Lode activities 10 be perrormed.
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Code activities covered by its Certificate. The holder shall
not permit any other party to use its Certificate. The So-
ciety reserves the absolute right to cancel or refuse to re-
new such authorization, returning fees paid for the
prorated unexpired term.

HAB-8180 RENEWAL

HAB-8181 Certificates of Authorization,
Certificates of Authorization
(Corporate), and Quality Assurance
Program Certificate Holders

(a) Not later than 6 months prior to the date of expira-
tion of any Certificate, the GC Certificate Holder or G Cer-
tificate Holder shall apply for a renewal of such
authorization and the issuance of a new Certificate.

(b) A Certificate issued for a specific field site, or a Cer-
tificate that has been extended to a specific field site activ-
ity, is valid for the duration of the contract at the specified
site or 3 yr, whichever occurs first.

HAB-8182 Owner's Certificate

(a) Annually, the Authorized Nuclear Inspector Super-
visor shall audit the Owner’s Quality Assurance Program
and report the results to the Society for review and deter-
mination as to whether the certificate shall remain valid.

(b) Triennially, the Authorized Nuclear Inspector
Supervisor shall audit the Owner’s Quality Assurance Pro-
gram and report the results to the Society for review and
determination as to whether the Owner’s Certificate shall
be renewed.

(c) The Owner’s Certificate expires when all N¢3\Data
Reports for the units listed on the Certificate Have been
completed. Triennially, the Society shall review the status
of construction and determine whether the'Owner’s Cer-
tificate shall be renewed.

HAB-8200 NAMEPLATES

The Core Assembly shall @ot be issued with a name-
plate. The G-1 Data Report shall take the place of the
nameplate. The G-1 Data Report shall be traceable to
the serial number of.the vessel in which the Core Assem-
bly is installed.

Holder or G Certificate Holder discontinues the scope of HAB-8400 DATA REPORTS

HAB-8410 GENERAL REQUIREMENTS

The appropriate Data Report,® as specified in Table
HAB-8100-1, shall be filled out by the G Certificate Holder,
GC Certificate Holder, Material Organization, or Owner
and shall be signed by the G Certificate Holder, GC Certi-
ficate Holder, Material Organization, or Owner and the In-
spector for each item.

HAB-8411 Compiling Data Report Records

Data Reports (G-1, G-2, and G-4), which are thebasis for
approval of the final G-1 Data Report, may,bécompiled in
any one of the following methods:

(a) by attaching each Data Report for-items that make
up that Core Assembly to its respective Data Report Form
G-1, or

(b) by assigning each DataReport for items that make
up the Core Assembly a unigue identifying number and
listing the numbers ontBata Report Form G-1, or

(c) by attaching a.drawing that uniquely identifies each
item that makes up the Core Assembly to its respective
Data Report FormG-1.

HAB-8412- Availability of Data Reports

Al] Data Reports and referenced supporting material
shall be available to the Inspector and enforcement
authority having jurisdiction at the location of the nuclear
power plant site.

HAB-8420 OWNER'S DATA REPORT

The Owner who has obtained an Owner’s Certificate
shall be responsible for completing one or more of Form
N-3 (see Section Il Appendices, Mandatory Appendix V).
The Owner shall certify, by signing the form, that each GC
Certificate Holder, G Certificate Holder, or Material Orga-
nization was the holder of the appropriate Certificate and
that components and installation comply with the appli-
cable requirements of this Section. Review of the com-
pleted Owner’s Data Report Form N-3 (see Section III
Appendices, Mandatory Appendix V), including attached
Data Reports for all components and installation as re-
quired to verify Code Compliance, shall be the authority
of the Inspector to sign the Owner's Data Report.
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Table HAB-8100-1

Certificates Issued by the Society for Construction of Nuclear Core Components and Core

Assemblies
Type Scope Data Report Form Notes
G Certificate Holder Design G-1 (1)
GC Certificate Holder Construction G-1 (1)
Material manufacture None (2)
Core Component machining G-2 (3)
Installation G-4 @
Quality Systems Certificate | Material manufacture None (2)
Holder Core Component machining G-2 (3)
Installation G-4 (4)
Owner Owner N-3
NOTES:

(1) The G-1 Data Report shall be traceable to the serial number for the vessel in.which it is installed.

(2) Material (HAB-1220) shall be documented by a Certified Material Test Repart in accordance with Article

HHA-2000 or Article HHB-2000.

(3) Data Report Form G-2 for Core Components shall be forwarded in duplicate to the GC Certificate Holder of the

finished Core Assembly.

(4) Data Report Form G-4 for installation shall be forwarded in duplicate to the GC Certificate Holder of the fin-

ished Core Assembly.
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(23)

ARTICLE HAB-9000
GLOSSARY

HAB-9100 INTRODUCTION

This Article defines selected terms used in this Subpart
and Subsection HH. The definitions in this Glossary shall
prevail should a conflict exist with definitions found else-
where in this Subpart and Subsection HH or other docu-
ments referenced in this Subpart and Subsection HH.
Unless defined below, the definitions of Article
NCA-9000 shall apply.

HAB-9200 DEFINITIONS

advanced ceramic: a highly engineered, high-
performance, predominately nonmetallic, inorganic, cera-
mic material having specific functional attributes.

approved supplier: a supplier that has been evaluated and
approved by a Material Organization or GC Certificate
Holder in accordance with the requirements of
HAB-4550.

billet: an extruded, molded, or isomolded graphitearte-
fact with dimensions sufficient to meet the Designeris re-
quirements for Core Components.

carbon-carbon (C-C): a specific type of ceramic¢ composite
comprising carbon-based fibers in a carbon matrix.

ceramic: refractory, inorganic, and nonmetallic material
made from compounds of a metal and a nonmetal display-
ing ionic and covalent primary\atomic bonding and ar-
ranged in either crystalline or partly crystalline
microstructure.

Ceramic Composite(Material: as used in this Subpart, a
ceramic matrix composite material, either a carbon-
carbon or a silicon-carbide/silicon-carbide material
system.

ceramic matrix composite (CMC): a material consisting of
two or'niore materials (insoluble in one another) in which
thle major continuous component (matrix component) is a
ceramic, while the secondary component(s) (reinforcing
component) may be ceramic, glass-ceramic, metal, or or-
ganic in nature. These components are combined on a
macroscale to form a useful engineering material posses-
sing certain properties or behaviors not possessed by the
individual constituents.

Certificate: a Certificate of Authorization, Quality Systems
Certificate (Materials), or Owner’s Certificate issued by
the Society.

Composite Core Component: a single finislied Ceramic
Composite Material item complying with the require-
ments of this Subpart and Subsection HH, Subpart B.

construction: all operations required to build the Core As-
sembly (manufacture materials, machine Core Compo-
nents, and install) in accofdahce with Design Drawings
and the Construction Spegification.

construction procedure: a written description of installa-
tion methods the’Installer uses to ensure conformance
with the requirements of the Construction Specification,
Design Drawinigs, this Subpart, and Subsection HH, Sub-
part A erSubpart B.

construction report: a report prepared by the GC Certifi-
cate'Holder that summarizes activities performed to con-
struct the component in accordance with the
Construction Specification, Design Drawings, and the re-
quirements of this Subpart and Subsection HH, Subpart
A or Subpart B.

continuous-fiber-reinforced ceramic matrix composite
(CFCC): a ceramic matrix composite in which the reinfor-
cing phase(s) consist of continuous filaments, fibers, yarn,
braid, or knitted or woven fabrics.

Core Assembly: the assembly of Core Components that
comprise the reactor core, excluding fuel elements.

Core Component: a single machined graphite or ceramic
composite item complying with the requirements of this
Subpart and Subsection HH, Subpart A or Subpart B.

Core Component manufacturer: the party that machines
the Core Components from the graphite or ceramic com-
posite material.

damage dose: measure of the interaction of a specific flu-
ence with the material based on the flux, flux spectrum,
and the time that the material was subjected to
irradiation.

Designer: the organization responsible for preparation of
Design Output Documents.

dpa: displacements per atom, damage dose unit.
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fluence: fast neutron fluence, at designer defined energy
for fast neutron based on reactor energy spectrum.

fuel block: in a prismatic reactor, the graphite block into
which the fuel compacts (fuel elements) are inserted.

fuel elements: fuel compacts in a prismatic reactor or fuel
spheres in a pebble bed reactor.

G Certificate Holder: the organization assuming responsi-
bility for Code compliance with respect to design of Core
Components or Core Assemblies.

GC Certificate Holder: the organization assuming responsi-
bility for Code compliance with respect to material, man-
ufacture, installation, examination, testing, inspection,
and certification of Core Components or Core Assemblies
in accordance with the Design Drawings and Construction
Specification.

generated data: material data generated in accordance
with the requirements of the material and purchase
specification.

graphite: as used in this Subpart and Subsection HH, Sub-
part A, the carbonaceous material (e.g., petroleum coke
and coal tar pitch) that is formed and heated to 4,550°F
(2 500°C) or greater and has a predominantly hexagonal
crystalline structure.

Graphite Core Component: a single machined graphite
item complying with the requirements of this Subpaft
and Subsection HH, Subpart A.

graphite grade: the designation given to a grdphite mate-
rial by a manufacturer such that it is always. reproduced
from the same raw materials, to the same-specifications,
using the same process.

graphitizing charge: the billets of the same graphite grade
in the same graphitizing furnace run.

Inspector: an employee,of an Authorized Inspection
Agency who has qualifications for and has been properly
qualified for Core Components and Core Assemblies in ac-
cordance with HAB-5123.

Inspector Stupervisor: an employee of an Authorized In-
spection Agency who has been assigned by that agency
to ovérsee and direct the work of one or more Inspectors
and who has qualifications for and has been properly
qualified for Core Components and Core Assemblies in ac-
cordance with HAB-5122.

installation: those actions required to construct the Core
Assembly from the Core Components.

Installer: the party installing the Core Components.

irradiated: subjected to irradiation to a sufficiently large

irradiation temperature: the temperature at which a Core
Component or Core Assembly operates while under
irradiation.

item: a product manufactured or installed under a Certifi-
cate of Authorization (HAB-3120), or material
(HAB-1220).

Material Manufacturer: the party that manufactures'the
graphite or ceramic composite material.

Material Organization: an organization certified\by hold-
ing a Quality Systems Certificate issued bj:the Society,
or qualified by a Certified Material Orgdnization or GC
Certificate Holder, in accordance with-the requirements
of HAB-3800.

monitor: observe or check compliance with this Subpart
and Subsection HH, and the Owner’s, G Certificate
Holder’s, or GC Certificate-Holder’s Quality Assurance
Program. This activityis*not necessarily documented or
required to be continuous.

nonirradiated: frot subjected to irradiation or subjected to
irradiation at a sufficiently low damage dose as to not al-
ter the properties of the material.

oxidized: subject to gasification and weight loss with a de-
leterious effect on material properties.

Quality Systems Certificate: a Certificate issued by the So-
ciety that permits an organization to perform specified
Material Organization activities in accordance with Code
requirements.

service: an activity performed by a subcontractor such as
designing, machining, installation, repair, and nondes-
tructive examination.

shop and field drawings: drawings provided by the Core
Component manufacturer or Installer that describe con-
struction details, physical dimensions, arrangements,
and any significant engineering features needed to estab-
lish conformance to the Design Drawings, Construction
Specification, this Subpart, and Subsection HH, Subpart
A or Subpart B.

silicon-carbide/silicon-carbide (SiC-SiC): a specific type of
ceramic composite comprising silicon-carbide-based fi-
bers in a silicon-carbide matrix.

slow crack growth (SCG): subcritical crack growth (exten-
sion) that may result from, but is not restricted to, such
mechanisms as environmentally assisted stress corrosion
or diffusive crack growth.

stress-temperature-time states: a material’s structural
changes arising from combinations of stress, tempera-
ture, and time.

structural reliability class: the class allocated to a Core
Component by the Designer that defines the component’s

damage dose 1o alter the properties ol the material.
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witness coupons: composite bars, panels, or tubes of the the composite component. Witness coupons are prepared
same composition and architecture, coprocessed in the and used when test coupons/sections cannot be effec-
same lot/batch and with the same nominal thickness as tively or economically cut from a composite component.

44


https://asmenormdoc.com/api2/?name=ASME BPVC.III.5 (ASME BPVC Section 3 Division 5) 2023.pdf

ASME BPVC.IIL.5-2023

SUBSECTION HB
CLASS A METALLIC PRESSURE BOUNDARY
COMPONENTS

SUBPART A
LOW TEMPERATURE SERVICE

ARTICLE HBA-1000
INTRODUCTION

HBA-1100 GENERAL

HBA-1110 SCOPE

The rules of this Subsection HB, Subpart A censtitute
the requirements associated with Class A metallic.compo-
nents used in the construction of high temperature reac-
tor systems and their supporting systemswhen subjected
to low temperature service.

(a) Subsection HB, Subpart A provides rules for the ma-
terial, design, fabrication, examination, installation, test-
ing, overpressure relief, marking, stamping, and
preparation of reports by the Certificate Holder of metal-
lic pressure boundary*cemponents that are intended to
conform to the requirements for Class A construction
for service when-Service Loading temperatures do not ex-
ceed the appropriate temperature limits established in
Table HAA-1130-1 for the material under consideration.

(b) The rules of Subsection HB, Subpart A are contained
in Division 1, Subsection NB, except for those paragraphs
orsubparagraphs (with numbered headers) replaced by

Corresponding numbered HBA paragraphs or subpara-
graphs in this subpart or new numbered HBA paragraphs
or subparagraphs added to this Subpart.

(c) Division 1 rules may use different terminology than
Division 5 (e.g, Class 1 versus Class A, etc.), but the appli-
cation of these rules is identical for Division 5 use.

(d) The rules of this Subpart cover the requirements for
strength and pressure integrity of items, the failure of
which would violate the pressure-retaining boundary.
The rules cover initial construction requirements, but
do not cover deterioration that may occur in service as
a result of corrosion, radiation effects, or instability of
materials.

(e) This Subpart does not contain rules to cover all de-
tails of construction of Class A vessels and components.
Where complete details are not provided in this Subpart,
it is intended that the N Certificate Holder, subject to the
approval of the Owner or its designee and acceptance by
the Inspector, shall provide details of construction that
will be consistent with those provided by the rules of this
Subpart.
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(23)

ARTICLE HBA-2000
MATERIALS

HBA-2600 METALLIC MATERIAL
ORGANIZATIONS' QUALITY
SYSTEM PROGRAMS

HBA-2610 DOCUMENTATION AND
MAINTENANCE OF QUALITY SYSTEM
PROGRAMS

(a) Except as provided in (b), Material Organizations
shall have a Quality System Program that meets the re-
quirements of Division 1, NCA-3300.

(b) The requirements of Division 1, NCA-1225 and Divi-
sion 1, NCA-4256 shall be met as required by Division 1,
NB-2130 and Division 1, NB-2150, respectively. The other
requirements of Division 1, NCA-3300 and Division 1,
NCA-4200 need not be used by Material Organizations
for small products, as defined in (c) below; for material
used in items commensurate with their contribution to
safety or risk, as defined in (d) below; for brazing materi-
al; and for material that is allowed by this Subsection to
be furnished with a Certificate of Compliance. For these
products, the Certificate Holder’s Quality Assurance Pro:
gram (see Division 1, NCA-4100) shall include measures
to provide assurance that the material is furnished i ac-
cordance with the material specification and with,the ap-
plicable requirements of this Subsection.

(c) For the purpose of this paragraph, small products
are defined as given in (1) through (5) below.

(1) pipe, tube (except heat exchanger tube), pipe fit-
tings, and flanges NPS 2 (DN 50) and less

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

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

(4) material for pumps andalves with inlet pipe
connections of NPS 2 (DN 50)and less

(5) material exemptedsby*Division 1, NB-2121(c)

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

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

(2) The Owner or the Owner’s designee has per-
mitted the exemption in the Design Specification and shall
specify to which items this exemption applies.
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ARTICLE HBA-7000
OVERPRESSURE PROTECTION

HBA-7800 MARKING, STAMPING WITH
CERTIFICATION MARK, AND
DATA REPORTS

HBA-7810 PRESSURE RELIEF VALVES

HBA-7811 Marking and Stamping With
Certification Mark

Each pressure relief valve shall be plainly marked by
the Certificate Holder with the required data herein in
such a way that the marking will not be obliterated in ser-
vice. The data shall be in characters not less than %, in.
(2.5 mm) high. The marking shall be placed on the valve
or on a nameplate securely fastened to the valve. The Cer-
tification Mark shall be stamped on the valve or name-
plate, but the other required data may be stamped,
etched, impressed, or cast. The marking shall include
the following:

(a) the name, or an acceptable abbreviation, of the Cer-
tificate Holder

(b) Certificate Holder’s design or type number
NPS (DN) of the valve inlet
— psi(kPa)
(e) certified capacity and overpresgsute in percent or

psi (kPa):

(1) Ib/hr (kg/h) of saturated\steam for valves certi-
fied on steam

(2) scfm (standard ¢ubiC feet per minute) at 60°F
(15°C) and 14.7 psia (401'kPa) of air for valves certified
on air or gas, or

(3) gal/min of Water at 70°F (20°C) for valves certi-
fied on water

(c) size
(d) set pressure

(f) applicable official Certification Mark, as shown in
Table HAA#8110-1

In/addition to the above, each pressure relief valve shall
have a separate nameplate attached to the component
that includes the marking requirements of NCA-8220
and NB-3593.2.
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ARTICLE HBA-8000
NAMEPLATES, STAMPING WITH THE CERTIFICATION MARK,
AND REPORTS

HBA-8100 REQUIREMENTS

The applicable requirements given in Article HAA-8000 shall apply to Class A metallic pressure;boundary
components.
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SUBPART B
ELEVATED TEMPERATURE SERVICE

ARTICLE HBB-1000
INTRODUCTION

HBB-1100 GENERAL
HBB-1110 SCOPE

The rules of this Subsection HB, Subpart B constitute
the requirements associated with Class A metallic compo-
nents used in the construction of high temperature reac-
tor systems and their supporting systems when subjected
to elevated temperature service.

(a) Subsection HB, Subpart B provides rules for the ma-
terial, design, fabrication, examination, installation, test-
ing, overpressure relief, marking, stamping, and
preparation of reports by the Certificate Holder of metal-
lic pressure boundary components or portions of those
components, including parts and appurtenances, that
are intended to conform to the requirements for Class A
construction for service when Service Loadingtémpera-
tures exceed the appropriate temperaturedimits estab-
lished in Table HAA-1130-1 for the material under
consideration. These zones of elevated temperature ser-
vice shall have their finalized geometry ‘descriptions and
temperature profile details finalized in the Design Report
prior to any fabrication and examination efforts.

(b) References to Appendic¢es are to the Section III Ap-
pendices, unless otherwise identified as a Subsection HB,
Subpart B Appendixj.or other subsection-specific
Appendix.

(c) The rulessofthis Subpart are applicable to Class A
components indépendent of the type of contained fluid
— water,steam, sodium, helium, or any other process
fluid.

(d)The stress limits and design rules of Division 1, Sub-
section NB are applicable only to service conditions
where creep and relaxation effects are negligible. Conse-
quently, the rules of Division 1, Subsection NB only guard
against the time-independent failure modes — ductile
rupture, gross distortion (buckling and incremental col-
lapse), and fatigue. Therefore, those portions of the com-
ponent, part, or appurtenance that are at all times
experiencing temperatures within the range covered by
Section II, Part D, Subpart 1, Tables 24, 2B, and 4 may

HBB-3000, or alternatively,dmcompliance with the rules
of Division 1, Article NB£3000. In addition, the rules of
Subsection HB, Subpart.B'extend specific rules of Division
1, Article NB-3000_to“elevated temperature service, pro-
vided the designek can demonstrate that the combined ef-
fects of temperature, stress level, and duration of loading
do not intreduce significant creep effects.

(e) At(temperatures and loading conditions where
creep:effects are significant, the design analysis shall also
consider the time-dependent material properties and
structural behavior by guarding against the four modes
of failure shown below:

(1) ductile rupture from short-term loadings

(2) creep rupture from long-term loadings

(3) creep-fatigue failure

(4) gross distortion due to incremental collapse and
ratcheting

(f) Brief guidelines are also provided in Subsection HB,
Subpart B for the three modes of failure shown below:

(1) loss of function due to excessive deformation
(2) buckling due to short-term loadings
(3) creep buckling due to long-term loadings

(g) Design procedures and materials data not con-
tained in Subsection HB, Subpart B may be required to en-
sure the integrity or the continued functioning of the
structural part during the specified service life. For exam-
ple, the rules do not provide methods to evaluate dete-
rioration that may occur in service as a result of
corrosion, mass transfer phenomena, radiation effects,
or other material instabilities. Nor do the rules ensure
continued functional performance of deformation-
sensitive structures such as valves and pumps.

(h) Mandatory Appendix HBB-II of this Subpart ad-
dresses limited elevated temperature service for compo-
nents fabricated from SA-533 Type B, Class 1 plates;
SA-508 Grade 3, Class 1 forgings; and their weldments.

be designed 1n compliance with the rules oI Article
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LIMITS SUBPART B
The rules of Subsection HB, Subpart B shall not be used In general, the numbering of rules in Subsection HB,
for structural parts that will be subjected either to metal Subpart B follows the numbering system used in Division
temperatures or to times greater than those values asso- 1, Subsection NB. References to Appendices are to the
ciated with the S,,, data for the specified material (see Section III Appendices unless otherwise identified as Sub-
Mandatory Appendix HBB-1-14). section HBB Appendices.
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ARTICLE HBB-2000
MATERIAL

HBB-2100

HBB-2120 PRESSURE-RETAINING MATERIALS
HBB-2121 Permitted Material Specifications

(a) All materials shall comply with the rules of Division
1, Article NB-2000, except for those paragraphs replaced
by correspondingly numbered paragraphs of Subsection
HB, Subpart B.

(b) In complying with (a) above, the base and weld ma-
terial specifications of Tables HBB-I-14.1(a) and
HBB-1-14.1(b), Tables HBB-1-14.10A-1 through
HBB-1-14.10E-1, and Table HBB-I-14.11 and the allowable
stress intensities in Tables HBB-I-14.3A through
HBB-1-14.3E, and Figures HBB-1-14.13A through
HBB-I-14.3C shall be considered extensions of Section II,
Part D, Subpart 1, Tables 24, 2B, and 4.

(c) Pressure-retaining material and material welded
thereto, except for temporary or nonstructural attach-
ments as per Division 1, NB-4435 and in (h) below, and
except for hard surfacing metals and cladding which is
10% or less of the thickness of the base material,~shall
conform to the requirements of one of the specifications
for material given in Section II, Part D, Subpart)I, Tables
24, 2B, and 4, including all applicable foothotes in the
table, and to all of the special requirements-of this Article
which apply to the product form in whieh the material is
used.

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

(e) Material made to specifications other than those
specified in Section II, Part D, Subpart 1, Tables 24, 2B,
and 4 may be used for safety valve disks and nozzles,
when the nozzles are internally contained by the external
body structure, and for valve disks in line valves whose
inlet connections are NPS 2 (DN 50) and less.

(f) Material for instrument line fittings, NPS 1 (DN 25)
and less, may be of material made to specifications other
than those listed in Section II, Part D, provided that the fit-
tings are in conformance with the requirements of Divi-
sion 1, NB-3671.4 and the material is determined to be
adequate for the service conditions by the piping system

(g) Welding material used in the manufacture‘ofjitems
shall comply with Table HBB-I-14.1(b) and the{SFA speci-
fications in Section II, Part C, and shall alse*¢comply with
the applicable requirements of this Article/ The require-
ments of this Article do not apply te”material used as
backing rings or backing strips in welded joints.

(h) Attachments welded tosa pressure boundary (in-
cluding the weld metal used{te,make the attachment) ex-
pecting elevated temperature service need not comply
with the limits on uppern values of service temperatures
and times, as stated_in’Section II, Part D, Subpart 1, Tables
2A, 2B, and 4, provided the rules listed below are met.

(1) The design of the welded attachment complies
with the rulés‘in HBB-3354.

(2). The attachment material and weld are of similar
alloy-composition to the pressure boundary material.'®

HBB-2123 Design Stress Intensity Values

Design stress intensity values for material are listed in
Section II, Part D, Subpart 1, Tables 24, 2B, and 4, as ex-
tended in coverage by the rules of HBB-2121(b). With
the exception of attachment material covered by
HBB-2121(h), no material shall be used at metal and de-
sign temperatures above those for which values are given.

HBB-2160 DETERIORATION OF MATERIAL IN
SERVICE

(a) Consideration of deterioration of material caused
by service is generally outside the scope of this Subsec-
tion. It is the responsibility of the Owner to select material
suitable for the conditions stated in the Design Specifica-
tions (NCA-3211.19), with specific attention being given
to the effects of service conditions upon the properties
of the material.

(b) Special consideration shall be given to the influence
of elements such as copper and phosphorus on the effects
of irradiation on the properties of material (including
welding material) in the core belt line region of the reac-
tor vessel. Any special requirement shall be specified in
the Design Specifications [NCA-3211.19(b) and Division
1, NB-3124]. When so specified, the check analysis shall
be made in accordance with the base metal specification
and in accordance with Division 1, NB-2420 for the weld-
ing material.

(c) The combination of fabrication induced cold work-
ing and subsequent elevated temperature service may af-

designer.
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(d) Long-time, elevated temperature, service may re-
sult in the reduction of the subsequent yield and ultimate
tensile strengths.

(1) For 304 and 316 austenitic stainless steels and
Alloy 800H, the tensile strength and yield strength reduc-
tion factors, of Table HBB-3225-2, are selected to corre-
spond to the maximum wall-averaged temperature
achieved during any Level A, B, or C Service Loading.

(2) For 2%/,Cr-1Mo and 9Cr-1Mo-V, the tensile
strength and yield strength reduction factors are based
on the specific cumulative time history of the wall-
averaged temperature. The procedure to define this effect
is as follows:

(-a) Partition the entire time history of the wall-
averaged temperature of all Level A, B, and C Service
Loadings into, n, discreet temperature intervals.

(-b) The temperature of each interval, i, is defined
to coincide with the maximum of the interval, and is rep-
resented as T; (°F). The total service time (hours) speci-
fied for that temperature interval is represented as t;.

(-c) The hours, t;, within each temperature inter-
val, i, are converted to equivalent hours, (tcquiv); corre-
sponding to the temperature of the highest temperature
interval, T, ,«. The equivalent hours, (tequiv)s at tem-
perature T;, are defined as:

loglo(tequiv)i = [10 + loglo(t,-ﬂ (T; + 460;)/(Tinax + 460) — 10
(-d) Define the total equivalent hours, tqyiv, as:

n
tequiv = igl(tequiv]i

(-e) From Table HBB-3225-2, obtain the ‘strength
reduction factors corresponding to t.quiv hours of ser-
vice at a temperature of Ty, ..

(3) When the yield and ultimate tensile strengths are
reduced by the elevated temperaturé service, it is neces-
sary to appropriately reduce the values of S,,,, and S,,,. To
reflect the effects of long-time ‘elevated temperature ser-
vice, the S,,, values of Tables HBB-1-14.3A through
HBB-1-14.3E shall be redefined as the lower of (-a)
through (-f) below, andthe values of S, shall be defined
as the lower of (-b) through (-f) below:

(-a) the Sy, value in Tables HBB-I-14.3A through
HBB-1-14.3E;

(-b)._the product of one-third of the specified mini-
mum_tensile strength at room temperature (Table
HBB-3225-1) and the tensile strength reduction factor
(Table HBB-3225-2);

(-c) the product of one-third of the tensile
strength at temperature (Table HBB-3225-1) and the ten-
sile strength reduction factor (Table HBB-3225-2);

(-d) the product of two-thirds of the specified
minimum yield strength at room temperature (Table
HBB-1-14.5) and the yield strength reduction factor

(-e) for 2°/,Cr-1Mo and 9Cr-1Mo-V, the product of
two-thirds of the yield strength at temperature (Table
HBB-1-14.5) and the yield strength reduction factor
(Table HBB-3225-2);

(-f) for 304 and 316 austenitic stainless steels and
Alloy 800H, the product of 90% of the yield strength at
temperature (Table HBB-I-14.5) and the yield strength re-
duction factor (Table HBB-3225-2).

(4) The yield and tensile strength reduction facters
(see Table HBB-3225-2) are based on the ratio of the
average strength after exposure to elevated temperature
to the tabulated yield strength (see Table HBB-1-14.5) or
tabulated tensile strength (see Table HBB¢3225-1) as ap-
plicable. There is no credit for strength increase so the
maximum factor is 1.0.

HBB-2400

HBB-2430
HBB-2433 Delta Ferrite Determination

A determination of delta ferrite shall be performed on
A-No. 8weld material (Section IX, Table QW-442) backing
filler metal (consumable inserts); bare electrode, rod, or
wireiller metal; or weld metal, except that delta ferrite
determinations are not required for SFA-5.4, Type
16-8-2, nor A-No. 8 weld filler metal to be used for weld
metal cladding.

HBB-2433.1 Method. Delta ferrite determinations of
welding material, including consumable insert material,
shall be made using a magnetic measuring instrument
and weld deposits made in accordance with (b) below. Al-
ternatively, the delta ferrite determinations for welding
materials may be performed by the use of chemical anal-
ysis of Division 1, NB-2432 in conjunction with Figure
NB-2433.1-1.

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

(b) The weld deposit for magnetic delta ferrite determi-
nation shall be made in accordance with Division 1,
NB-2432.1(c).

(c) A minimum 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).

HBB-2433.2 Acceptance Standards. For design tem-
peratures up to and including 800°F (425°C), the mini-
mum acceptable delta ferrite shall be 5 FN (Ferrite
Number). For design temperatures exceeding 800°F
(425°C), the delta ferrite shall be limited to the range 3
FN to 10 FN. The results of the delta ferrite determination
shall be included in the Certified Material Test Report of

(Iable Hbb-3225-2];
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(23)

HBB-2500

HBB-2530
HBB-2539 Repair by Welding

The Material Organization may repair by welding mate-
rial from which defects have been removed, provided the
depth of the repair cavity does not exceed one-third of the
nominal thickness and the requirements of Division 1,
NB-2539.1 through NB-2539.7 are met. The weld material
used to make weld repairs shall meet the requirements of
Table HBB-I-14.1(b) and Division 1, NB-2400. Additional
requirements may be listed in the Design Specifications,
as per Division 1, NB-2160, to assure that the repair weld
is adequate for the service conditions. Prior approval of
the Certificate Holder shall be obtained for the repair of
plates to be used in the manufacture of vessels.

HBB-2600

HBB-2610 DOCUMENTATION AND
MAINTENANCE OF QUALITY SYSTEM
PROGRAMS

(a) Except as provided in (b) below, Material Organiza-
tions shall have a Quality System Program that meets the
requirements of Division 1, NCA-3300.

(b) The requirements of Division 1, NCA-1225 and Divi-
sion 1, NCA-4256 shall be met as required by Division 1,
NB-2130 and Division 1, NB-2150, respectively. The othef
requirements of Division 1, NCA-3300 and Division\1;
NCA-4200 need not be used by Material Organizations
for small products, as defined in (c) below: foxmaterial
used in items commensurate with their contribution to
safety or risk, as defined in (d) below; for brdazing materi-
al; and for material that is allowed by, this'‘Subsection to
be furnished with a Certificate of Compliance. For these
products, the Certificate Holder’s Quality Assurance Pro-
gram (see Division 1, NCA-4100) shall include measures
to provide assurance that thesmaterial is furnished in ac-
cordance with the material-specification and with the ap-
plicable requirements of.this Subsection.

(c) For the purpaose-of this paragraph, small products
are defined as follows:

(1) pipe, tube' (except heat exchanger tube), pipe fit-
tings, and flanges NPS 2 (DN 50) and less

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

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

(4) material for pumps and valves with inlet pipe
connections of NPS 2 (DN 50) and less

(5) material exempted by Division 1, NB-2121(c)

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

(1) The Owner or the Owner’s designee has estabx
lished that the exemption is consistent with the safety
or risk significance of the item. The determinatien of
the safety or risk significance of the item to design anhd op-
erations is beyond the scope of this Section. Appropriate
guidance for the safety or risk significancerof the item
shall be derived from system criteria doeuments for spe-
cific types of nuclear power systems and may be found in
the requirements of regulatory and.enforcement authori-
ties having jurisdiction at the Site.

(2) The Owner or the‘@Qwhner’s designee has per-
mitted the exemption in thé Design Specification and shall
specify to which items‘this exemption applies.

HBB-2800. “FATIGUE ACCEPTANCE TEST

(a) For-304 and 316 austenitic stainless steel compo-
nents.intended for service where conditions for Levels
A, Biand C do not satisfy the limits of HBB-T-1324(a)
and HBB-T-1324(b), a uniaxial fatigue acceptance test of
each lot of material shall be performed.

(b) The fatigue test shall be performed in air at 1,100°F
(595°C) at an axial strain range of 1.0% with a 1-hr hold
period at the maximum positive strain point in each cycle.
Test-specimen location and orientation shall be in accor-
dance with the general guidance of SA-370, paras. 6.1.1
and 6.1.2 and the applicable product specifications. Test-
ing shall be conducted in accordance with ASTM Standard
E 606. The test shall exceed 200 cycles without fracture or
a 20% drop in the load range.

(c) Failure to meet this requirement shall be cause for
rejection of the lot for use in Class A elevated temperature
components.

(d) The definition of “lot” shall be obtained from the
material specification. Where more than one definition
is provided by the specification, the definition used to es-
tablish the tensile properties shall govern. Either the Ma-
terial Organization or N-Type Certificate Holder may
perform the lot qualification test.

(e) Retesting is permitted. Two additional specimens
shall be tested and both specimens must pass the cyclic
life requirement. Further retests are not permitted.
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ARTICLE HBB-3000
DESIGN

HBB-3100 GENERAL REQUIREMENTS FOR
DESIGN

HBB-3110 SCOPE, ACCEPTABILITY, AND
LOADINGS

HBB-3111 Scope

(a) Article HBB-3000 is a self-contained set of design
rules for metal structures serving as component
pressure-retaining boundaries under temperatures that
may at times exceed those for which design stress-
intensity values S,, are given in Section II, Part D,
Subpart 1.

(b) The design rules of Division 1, Article NB-3000 shall
apply only where specifically called out by the rules of
Subsection HB, Subpart B.

HBB-3111.1 Acceptability. An acceptable design of a
Class A Component for elevated temperature service is
one that

(a) is capable of meeting the functional requirements
as specified in the Design Specifications (NCA-3211.19);
and

(b) satisfies the requirements for a design by analysis,
either in HBB-3200 or in the Design Rules for{compo-
nents, while under the loadings described in
HBB-3111.2 and the Design Specifications; and

(c) satisfies the general design rules{of HBB-3130 and
the applicable design rules for components that apply to
a vessel (HBB-3300), pump{{HBB-3400), valve
(HBB-3500), or piping (HBB-3600). The Design Specifica-
tions shall state which subarticle applies to the given
component.

(d) As an alternativesto (b) and (c) above, the rules of
Division 1, Article.-NB=3000 may be applied to those por-
tions of the component that never experience tempera-
tures that(exceed the temperature limit in the
applicability/column for which design stress-intensity val-
ues are given in Section II, Part D, Subpart 1, Tables 24,
2B,.and 4.

HBB-3111.2 Loadings. The loadings that shall be tak-
en into account in designing a component include, but are
not limited to, the following:

(a) internal and external pressure;

(b) weight of the component and its normal contents
under service or test loadings, including additional pres-

(c) superimposed loads such as from other compo-
nents, operating equipment, insulation, corrdsion-
resistant or erosion-resistant linings and piping;

(d) wind loads, snow loads, vibrations, and’¢arthquake
loads where specified;

(e) reactions of supporting lugs, rings;-saddles, or other
types of supports;

(f) temperature effects;

(g) impact forces caused By either external or internal
events.

HBB-3112 Design Parameters

(a) The degign parameters are the pressures, tempera-
tures, and-mechanical load forces applicable to the design
of nuclear power plant components. The simplest set of
design‘parameters would consist of the temperature,
pressure, and load forces that exist at some given time.

(b) To design a zone of a component for service at ele-
vated temperature, two types of design parameter data
are needed in the Design Specifications (NCA-3211.19):
first, an expected loading history which consists of how
each design parameter varies as a function of time; and
second, a list of events that occur under each loading cat-
egory defined in HBB-3113.

(c) The design parameter data stipulated in (1) and (2)
below shall be specified in the Design Specifications
(NCA-3211.19) for each component:

(1) the loading event history to be used in the struc-
tural analysis;

(2) the design parameters from which the designer
will determine the most severe loading for each loading
category defined in HBB-3113. (If fluid conditions are
specified, the designer eventually must convert the data
to metal temperatures and surface pressures.)

(d) 1t is permissible for the designer to establish the
zone boundaries inside the component. However, the
zone boundaries and applicable design parameters shall
be fully described in the Design Report.

HBB-3112.1 Specified Pressure.

(a) The specified internal and external pressure his-
tories shall describe pressure values not less than the
maximum pressure differences between the inside and
outside of the pressure boundary in a given zone of the
component, or between any two chambers of a combina-

sure due to statiC and dynamicC head oI Iiquids;
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(b) The specified pressure histories shall be used in the
computations made to show compliance with the limits of
HBB-3200.

(c) All pressures referred to in this Article are to be tak-
en as the value above atmospheric pressure unless other-
wise stated.

HBB-3112.2 Specified Temperature. The specified
temperature history for the loading category shall enable
the designer to describe a temperature value not less than
the maximum local wall averaged temperature that will
exist in the structural metal in a given zone of the compo-
nent. And for the particular analyses of Service Loadings
(HBB-3113.2), the designer shall determine the history
of the maximum local metal temperature in a given zone
and shall use these metal temperature histories in the
computations to show compliance with the limits of
HBB-3200.

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

(b) Where a component is heated by trace heating, in-
duction coils, jacketing, or by internal heat generation,
the designer shall consider the effect of such heating in
the establishment of the design temperature histories.

(c) Elevated temperature mechanical properties are ex-
tremely sensitive to temperature. The Design Specifica-
tions shall specify any inaccuracies in temperature
measurement and prediction that are to be considered
in the design analyses made to show compliance with
the limits of HBB-3200.

HBB-3112.3 Specified Mechanical Load Forces. The
specified load forces for a given loading category
(HBB-3113) shall define all expected mecharnical loadings
that must be considered in design analysis computations
made to show compliance with the limits of HBB-3200.

HBB-3113 Loading Categories

Loading categories used\inthis Subsection consist of
Design Loading, Service doadings (Levels A, B, C, and D),
and Test Loadings.

HBB-3113.1 _Design Loadings. The specified design
parameters for ‘the Design Loadings category shall equal
or exceed those of the most severe combination of coinci-
dent pressure, temperature, and load forces specified un-
der events which cause Service Level A Loadings
(HBB-3113.3) for the same zone of the component. These
§pecified design parameters for Design Loadings shall be
called Design Temperature, Design Pressure, and Design
Mechanical Loads. These specified design parameters
shall be used in computations to show compliance with
the requirements on Design Limits in HBB-3222.1.

HBB-3113.2 Service Loadings. Each loading to which
the component may be subjected shall be categorized in
accordance with the following definitions and shall be de-

such detail as will provide a complete basis for construc-
tion in accordance with these rules. The Service Loading
categories shall be as defined in HBB-3113.3,
HBB-3113.4, HBB-3113.5, and HBB-3113.6.

HBB-3113.3 Level A Service Loadings. Level A Ser-
vice Loadings are any loadings arising from system start;
up, operation in the design power range, hot standby,-and
system shut-down, and excepting only those loadings cov-
ered by Level B, C, and D Service Loadings o¥ Test
Loading.

HBB-3113.4 Level B Service Loadings. (From inci-
dents of moderate frequency.) These ‘are deviations from
Level A Service Loadings that are dnticipated to occur of-
ten enough that design should“ihclude a capability to
withstand the loadings without operational impairment.
The events which cause Iievel B Service Loadings include
those transients whichsresult from any single operator er-
ror or control malfunction, transients caused by a fault in
a system component requiring its isolation from the sys-
tem, and transients due to loss of load or power. These
events include*any abnormal incidents not resulting in a
forced outage and also forced outages for which the cor-
rective-action does not include any repair of mechanical
damage. The estimated duration of a Level B Service
Loading shall be included in the Design Specifications.

HBB-3113.5 Level C Service Loadings. (From infre-
quent incidents.) These are deviations from Level A Ser-
vice Loadings that require shutdown for correction of
the loadings or repair of damage in the system. The con-
ditions have a low probability of occurrence, but are in-
cluded to provide assurance that no gross loss of
structural integrity will result as a concomitant effect of
any damage developed in the system. The total number
of postulated occurrences for such events may not exceed
25. If more than 25 are expected, then some types of
events must be evaluated by the more stringent require-
ments of the Level B Service Limits.

HBB-3113.6 Level D Service Loadings. (From limit-
ing faults.) These are combinations of loadings associated
with extremely low probability, postulated events whose
consequences are such that the integrity and functionality
of the nuclear energy system may be impaired to the ex-
tent that only considerations of public health and safety
are involved.

HBB-3113.7 Test Loadings. These are pressure load-
ings that occur during hydrostatic tests, pneumatic tests,
and leak tests. Other types of tests shall be classified un-
der either Service Level A or B loading categories given in
the above subparagraphs. If any elevated temperature
tests are specified as Test Loadings for a component, then
these loadings shall be considered as part of the Service

scribed In the pesign Specirications (NCA-3Z211.17]) 1n
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HBB-3114 Load Histogram

HBB-3114.1 Level A and B Service Events. The De-
sign Specifications (NCA-3211.19) shall include an ex-
pected loading history or load histogram for all Service
Loadings from Level A and B service events (including
all Test Loadings). These load histograms shall give all ex-
pected mechanical load forces, pressure, and tempera-
tures for the various zones of the component
throughout its service life. These histograms are then
used in meeting the analysis requirements of HBB-3200.

HBB-3114.2 Level C Service Events. The Design Spe-
cifications shall include a time history of the design para-
meters during each type of Level C Service event.
However, these events need not be specified as to time
of occurrence during the service life of the component.
The design parameter data shall be used in meeting the
analysis requirements of HBB-3200. Level C Service
events may be assumed as occurring between operational
cycles (HBB-3213.15) of Level A Service events unless
otherwise specified in the Design Specifications
(NCA-3211.19).

HBB-3120 SPECIAL CONSIDERATIONS
HBB-3121 Corrosion

Material subject to thinning by corrosion, erosion, me-
chanical abrasion, or other environmental effects shall
have provision made for these effects during the design
or specified life of the component by a suitable increase
in or addition to the thickness of the base metal over that
determined by the design formulas. Material added or ifi-
cluded for these purposes need not be of the same-tHick-
ness for all areas of the component if different rates of
attack are expected for the various areas. It'should be
noted that the tests on which the design fatigue curves
are based did not include tests in the présence of corro-
sive environments that might accelerate fatigue failure.

HBB-3122 Cladding
Cladding requirements are-contained in HBB-3227.8.

HBB-3123 Welding

HBB-3123.1 Dissimilar Welds. In satisfying the re-
quirements of this subarticle, caution should be exercised
in design and.€onstruction involving dissimilar metals
having different coefficients of thermal expansion in or-
der to avoid difficulties in service.

HBB-3123.2 Fillet Welded Attachments. Fillet
welded attachment requirements are contained in
HBB-3356.2.

HBB-3124 Environmental Effects

Changes in material properties may occur due to envi-
ronmental effects. In particular, fast neutron irradiation
(>1 MeV) above a certain level may result in significant in-

deterioration in the resistance to fracture at temperatures
above the transition range (upper shelf energy). There-
fore, nozzles or other structural discontinuities in ferritic
vessels should preferably not be placed in regions of high
neutron flux.

HBB-3125 Configuration

Accessibility to permit the examinations required by
the edition and addenda of Section XI as specified in-the
Design Specification for the component shall be provided
in the design of the component.

HBB-3130 GENERAL DESIGN RULES
HBB-3131 Scope

Design rules generally applicabletoall components are
provided in HBB-3130. The Desigmsubarticle for the spe-
cific component provides ruleSapplicable to that particu-
lar component. In case of conflict between HBB-3130 and
the design rules for a parficular component, the compo-
nent design rules shall govern.

HBB-3132 Dimensional Standards for Standard
Products

Dimensjons of standard products shall comply with the
standatds'and specifications listed in Table NCA-7100-1
wheén the standard or specification is referenced in the
specific design subarticle. However, compliance with
these standards does not replace or eliminate the require-
ments for stress analysis when called for by the design
subarticle for a specific component.

HBB-3133 Size Restrictions in Nozzle, Branch,
Piping, and Other Connections

The size of certain design features is restricted on noz-
zle, branch, piping, and other connections. Table
HBB-3133-1 provides assistance in understanding where
the limits are imposed.

HBB-3134 Leak Tightness

Where a system leak tightness greater than that re-
quired or demonstrated by a hydrostatic test is required,
the leak tightness requirements for each component shall
be set forth in the applicable Design Specifications
(NCA-3211.19).

HBB-3135 Attachments

Lugs, brackets, stiffeners, and other attachments may
be welded, bolted, or studded to the outside or inside of
a component. The effects of attachments in producing
thermal stresses, stress concentrations, and restraints
on pressure-retaining members shall be taken into ac-
count in the analysis for compliance with design criteria
of HBB-3200. For example, the temperature patterns
around an attachment may lead to higher thermal stress-

crease 1n the Dbritile Iracture transition temperature and
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Table HBB-3133-1
Size Restrictions on Connections

Division 1 (NB) or

Division 5 (HBB) Service
Reference Paragraph Conditions Item Description Item Nominal Sizes Allowed
NB-3352.4(d), NB-3337.3 Noncreep Partial penetration nozzle welds & other Cat. Vessel All
D welds
HBB-3352(e), Creep (As above) Vessel 0.D. <1 in. (25 mm)
HBB-3337.3
NB-3431, HBB-3337.3, Noncreep Partial penetration piping connection weld Pump 0.D. < 2 in. (50.mm)
NB-3352.4(d)
HBB-3421.4, HBB-3337.3, Creep (As above) Pump 0.D. < 2 in, (50 mm)
HBB-3352(e)
NB-3544.8 Noncreep Socket weld ends Valve 0.D#% 2 in. (50 mm)
HBB-3544 Creep (As above) Valve 0.D. < 2 in. (50 mm)
NB-3661.3 Noncreep Partial penetration branch connection weld Pipe 0.D. < 2 in. (50 mm)
HBB-3660(a), Creep (As above) Pipe 0.D. <1 in. (25 mm)
HBB-3352(e),
HBB-3337.3
NB-3643, NB-3661.2 Noncreep Socket welds Pipe 0.D. < 2 in. (50 mm)
HBB-3660(b) Creep (As above) Pipe 0.D. <1 in. (25 mm)
NB-3671.3 Noncreep Seal-welded threaded joints Pipe All
HBB-3660(b) Creep (As above) Pipe 0.D. <1 in. (25 mm)
NB-3671.6, NB-4511 Noncreep Brazed joints Tubesheet, tube & pipe 0.D. <1 in. (25 mm)
NB-4511, HBB-3671.6 Creep (As above) Tubesheet, tube & pipe 0.D. <1 in. (25 mm)
NB-3671.4 Noncreep Flared, flareless & compression joints Tube & pipe 0.D. < 1in. (25 mm)
HBB-3671.1 Creep (As above) Tube & pipe None
NB-4730 Noncreep Tube joints at electrical & mechamical Tube & pipe 0.D. < 2 in. (50 mm)
penetration assemblies
NB-4730 Creep (As above) Tube & pipe 0.D. < 2 in. (50 mm)
NB-3643.3, NB-3661.1, Noncreep Deposited weld metal as-reinforcement for All All
NB-3337.2, openings & brancheconnections
NB-3352.4(d)
HBB-3331(b) Creep (As above) All 0.D. < 4 in. (100 mm)
NB-3352.4(c), NB-3661.1 Noncreep Full penetratioh corner welds at nozzle, All All
branch.& piping connections
HBB-3352(d), Creep (As above) All 0.D. < 4 in. (100 mm)

HBB-3660(c)

HBB-3136 Reinforcement for Openings

See HBB-3330 and HBB-3643 for the rules applicable
to reinforcement of openings in the pressure boundaries
of vessels and piping, respectively. For all other compo-
nents, the rules(ofHBB-3330 shall apply unless otherwise
specified in, the Design Specifications.

HBB<3137 Design Considerations Related to
Other Articles of the Code

HBB-3137.1 Design Considerations for Static Pres-
sure Testing. Since every component and appurtenance
must eventually undergo a static pressure test, the de-
signer shall ensure that such a test can be performed. If
the only available test fluid can leave harmful residues
on surfaces, the design shall preferably be such as to leave
surfaces accessible for cleaning following the static pres-
sure test. Special access hatches as well as drain lines may

HBB-3137.2 Design Considerations for Overpres-
sure Protection of the System.

(a) Each component and the system into which it will
be installed shall be protected against overpressure
events as required by the rules on overpressure protec-
tion of Class A components and systems exposed to ele-
vated temperature service.

(b) The Service Loadings listed in the Design Specifica-
tions include those overpressure events that the designer
shall consider in the design of that particular component.
However, the component designer shall also review the fi-
nal design to determine if additional overpressure transi-
ents can arise from one of the following:

(1) failure of nonpressure boundary parts of the
component;

(2) failure of external power sources to the
component;

be required.
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(3) functioning of the component in conjunction with
specified plant and system service conditions (Levels A, B,
C, and D).

The designer shall report to the Owner regarding all
sources of overpressure transients that can arise from
(1), (2), and (3) above.

HBB-3138 Elastic Follow-up

(a) When only a small portion of the structure under-
goes inelastic strains while the major portion of the struc-
tural system behaves in an elastic manner, the
calculations of load forces, stresses, and strains shall con-
sider the behavior of the entire structural system. In these
cases, certain areas may be subjected to strain concentra-
tions, due to the elastic follow-up of the rest of the con-
nected structure. These abnormally large strain
concentrations may result when structural parts of differ-
ent flexibility are in series and the flexible portions are
highly stressed. Examples include:

(1) local reduction in size of a cross section or local
use of a weaker material;

(2) in a piping system of uniform size, a configuration
for which most of the system lies near the hypothetical
straight line connecting the two anchors, (stiffeners,
flanges, or other stiff members), and with only a small
portion departing from this line. Then the small portion
absorbs most of the expansion strain.

(b) If possible, the above conditions should be avoided,
in design. Where such conditions cannot be avoided, the
analysis required in HBB-3250 will determine the aecept-
ability of the design to guard against harmfyl conse-
quences of elastic follow-up.

HBB-3139 Welding

HBB-3139.1 Abrupt Changes-in:Mechanical Proper-
ties at Weld and Compression Contact Junctions. In sa-
tisfying the requirements of Article HBB-3000,
particular considerations_shall be given to the design,
analysis, and construction of welded and compression
contact junctions beétween two materials that have differ-
ent mechanicalyproperties. Such properties at elevated
temperaturesiinclude thermal expansion, creep rate,
creep ductility, and fatigue life. Examples of such junc-
tions are bimetallic welds, brazed joints, compression or
shrinkfits, bolted flanges, and other types of mechanical
joints”When temperatures cycle between low tempera-
tures and elevated temperatures, the inelastic strains
can result in significant localized strain accumulation
near an abrupt change in mechanical properties.

HBB-3139.2 Weld Design. All welds shall comply
with the rules of Division 1, NB-3350. Exceptions to this
requirement are allowed only if a specific callout is made

ABB-3200 DESIGN BY ANALYSIS

HBB-3210 DESIGN CRITERIA
HBB-3211 Requirements for Acceptability

For a Class A component intended for elevated tem-
perature service, the requirements for the acceptability
of a design based on analysis shall be as stipulated in
(a) through (d).

(a) The design shall be such that the calculated orex-
perimentally determined stresses, strains, and deferma-
tions will not exceed the limits describedin this
subarticle;

(b) The design details shall conform testhe rules of
HBB-3100 and to those given in subsé€quent subarticles
applicable to the specific component;

(c) If the designer has demonstrated that the elevated
temperature service parametérs (time, stress level, and
temperature) do not intreduce significant creep
effects,'? then the experimental and analytical methods
of Division 1, Subsection/NB shall be applicable. The other
restrictions on temperature maxima that appear in Sec-
tion IIl Appendices, Mandatory Appendix XIII,
XI1I-3450(e)rshall not apply provided the designer de-
monstrates \the validity of values and methods for the
higher témperatures.

(d) For portions of the component which do not experi-
enceelevated temperature service, the rules of Division 1,
Article NB-3000 may be used to satisfy (a) and (b) above.
Alternatively, properties and allowable stress values from
Division 1, Subsection NB may be used in analyses to de-
monstrate compliance with the rules of HBB-3200.

HBB-3212 Basis for Determining Stress, Strain,
and Deformation Quantities

(a) For elastic analysis allowed by Subsection HB, Sub-
part B, the maximum shear stress theory shall be used to
determine stress intensities for multiaxial stress states
(Section III Appendices, Mandatory Appendix XIII,
XI11-1220).

(b) For inelastic analysis required by Subsection HB,
Subpart B, appropriate multiaxial stress-strain relation-
ships and associated flow rules shall be used to combine
multiaxial stresses and strains.

(c) One of the materials of this Subsection, 9Cr-1Mo-V,
has several unique characteristics that should be recog-
nized and reflected in multiaxial stress-strain relation-
ships. These include the following:

(1) There is not a clear distinction between time-
independent elastic-plastic behavior and time-dependent
creep behavior.

(2) Flow stresses are strongly strain-rate sensitive at
elevated temperatures.

(3) The material exhibits cyclic softening over the en-
tire elevated-temperature use range and significant flow

In erther 0bb-54UU, HBB-550U, or HBB-560UU.
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HBB-32I3 Terms Relating to Analysis

In Subsection HB, Subpart B, the stress and strain limits
for design evaluation are related to the type of structural
behavior under loading. The controlled quantities fall into
two general categories:'?

(a) Load-Controlled Quantities — These quantities are
stress intensities that are computed on the basis of equi-
librium with the applied forces and moments during plant
operation. Included in this category are general primary
membrane, local primary membrane, primary bending
stresses, and secondary stresses with a large amount of
elastic follow-up.

(b) Deformation-Controlled Quantities — These quanti-
ties are strains, cyclic strain ranges, or deformations that
result from load deflection and/or strain compatibility.

Other terms used in Subsection HB, Subpart B relating
to structural analysis are defined in the subparagraphs of
HBB-3213.

HBB-3213.1 Stress Intensity.'® Stress intensity is de-
fined as twice the maximum shear stress, which is the dif-
ference between the algebraically largest principal stress
and the algebraically smallest principal stress at a given
point. Tensile stresses are considered positive and com-
pressive stresses are considered negative.

HBB-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 of the pressure-
retaining member. Gross discontinuity-type stresses afe
those portions of the actual stress distributions thdt)pro-
duce net bending and membrane force resultants when
integrated through the wall thickness. Examples of a
gross structural discontinuity are head-taesshell junctions,
flange-to-shell junctions, nozzles, and junctions between
shells of different diameters or thicknesses.

HBB-3213.3 Local Structural Discontinuity. Local
structural discontinuity is a geometric or material discon-
tinuity that affects the stress or strain distribution
through a fractional partof the wall thickness. The stress
distribution associated with a local discontinuity causes
only very localized deformation or strain and has no sig-
nificant effect onythe shell-type discontinuity deforma-
tions. Examples are small fillet radii, small attachments,
and partial;penetration welds.

HBB-3213.4 Normal Stress. Normal stress is the
component of stress normal to the plane of reference.
This is also referred to as direct stress. Usually the distri-
bution of normal stress is not uniform through the thick-
ness 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.

HBB-3213.5 Shear Stress. Shear stress is the compo-

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

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

HBB-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 momeuts: The basic
characteristic of a primary stress is thatit is not self-
limiting. Primary stresses that considérably exceed the
yield strength will result in failure,@r,jat least, in gross dis-
tortion. Primary membrane stressiis divided into general
and local categories. A generalprimary membrane stress
is one that is so distributed in"the structure that no redis-
tribution of load occurs_as“a result of yielding. Examples
of primary stress are;

(a) general membrane stress in a circular cylindrical
shell or a spherical shell due to internal pressure or to dis-
tributed loads:

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

(e)istresses in piping due to net cross section forces
(normal or shear) arising from thermal expansion of
structural material.

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

HBB-3213.9 Secondary Stress. Secondary stress is a
normal stress or a shear stress developed by the con-
straint of adjacent material or by self-constraint of the
structure. The basic characteristic of a secondary stress
is that it is self-limiting. Local yielding and minor distor-
tions can satisfy the conditions that cause the stress to oc-
cur and failure from one application of the stress is not to
be expected. Examples of secondary stress are:

(a) general thermal stress [see HBB-3213.13(a)];

(b) bending stress at a gross structural discontinuity.

Refer to Table HBB-3217-1 for examples of secondary
stress.

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

A stressed region may be considered local if the dis-
tance over which the membrane stress intensity exceeds
1.1S, does not extend in the meridional direction more
than 1.0 </Rt, where R is the minimum midsurface radius
of curvature and t is the minimum thickness in the region

nent or stress tangent to the plane of reference.
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involving axisymmetric membrane stress distributions
that exceed 1.1S, shall not be closer in the meridional di-

rection than 2.5 \/R; t; , where R is defined as (R; + R;)/

2 and t; is defined as (t1 + t;)/2 (where t; and t, are the
minimum thicknesses at each of the regions considered,
and R, and R, are the minimum midsurface radii of cur-
vature at these regions where the membrane stress inten-
sity exceeds 1.1S,. Discrete regions of local primary
membrane stress intensity, such as those resulting from
concentrated loads acting on brackets, where the mem-
brane stress intensity exceeds 1.1S5,, shall be spaced so
that there is no overlapping of the areas in which the
membrane stress intensity exceeds 1.1S,. An example of
a local primary membrane stress is the membrane stress
in a shell produced by external load and moment at a per-
manent support or at a nozzle connection.

HBB-3213.11 Peak Stress. Peak stress is that incre-
ment of stress that is additive to the primary plus second-
ary stresses by reason of local discontinuities or local
thermal stress [see HBB-3213.13(b)] including the ef-
fects, if any, of stress concentrations. The basic character-
istic of a peak stress is that it does not cause any
noticeable distortion and is objectionable only as a possi-
ble source of a fatigue crack or a brittle fracture, and, at
elevated temperatures, as a possible source of localized
rupture or creep-fatigue failure. A stress that is not highly
localized falls into this category if it is of a type that can-
not cause noticeable distortion. Examples of peak stress
are:

(a) the thermal stress in the austenitic steel cladding pof
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.

HBB-3213.13 Thermal Stress. Thermal stress is a
self-balancing stress produced by a‘nonuniform distribu-
tion of temperature or by differing’thermal coefficients of
expansion. Thermal stress is.déveloped in a solid body
whenever a volume of material is prevented from assum-
ing the size and shape(that it normally would under a
change in temperature~For the purpose of establishing al-
lowable stresses, two types of thermal stress are recog-
nized, depending on the volume or area in which
distortion tdkes place, as described in (a) and (b) below.

(a) General thermal stress is associated with distortion
of the Structure in which it occurs. Thermal stresses that
are-not classified as peak stresses fit in this category. Re-
fersto HBB-T-1331(d) for further guidance on classifica-
tion. Examples of general thermal stress are:

(1) stress produced by an axial temperature distribu-
tion 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 ra-

(b) Local thermal stress is associated with almost com-
plete 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
HBB-3217-1. 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 resulting from a radial tempera*
ture distribution in a cylindrical shell;

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

HBB-3213.15 Service Cycle. Service cycle is defined
as the initiation and establishmentof new conditions fol-
lowed by a return to the conditions*that prevailed at the
beginning of the cycle. The types of service conditions
that may occur are furthertdefined in HBB-3113.

HBB-3213.16 Strail€ycle. Strain cycle is a condition
in which the straingoes-from an initial value, through an
algebraic maximum Value and an algebraic minimum val-
ue and then returns to the initial value. In cases where
creep or ratcheting is present in the cycle, there will not
be a retutn to the initial strain value. Instead the designer
will haveito examine the hysteresis loop for inelastic anal-
ysis@and the stress history for elastic analysis to deter-
mine the end point of the cycle. See HBB-T-1413 for the
method of combining cycles for fatigue analysis. A single
service cycle may result in one or more strain cycles. Dy-
namic effects shall also be considered as strain cycles.

HBB-3213.17 Fatigue Strength Reduction Factor.
Fatigue strength reduction factor is a stress intensifica-
tion or a strain intensification factor that accounts for
the effect of a local structural discontinuity (stress or
strain concentration) on the fatigue strength. Factors cur-
rently exist only for cycles that do not involve significant
creep effects.

HBB-3213.18 Free End Displacement. Free end dis-
placement consists of the relative motions that would oc-
cur between a fixed attachment and connected piping if
the two members were separated and permitted to move.

HBB-3213.20 Deformation. Deformation of a compo-
nent part is an alteration of its shape or size.

HBB-3213.21 Inelasticity. Inelasticity is a general
characteristic of material behavior in which the material
does not return to its original shape and size after re-
moval of all applied loads. Plasticity and creep are special
cases of inelasticity.

HBB-3213.22 Creep. Creep is the special case of in-
elasticity that relates to the stress-induced time-
dependent deformation under load. Small time-
dependent deformations may occur after the removal of

dial temperature distribution 1n a cylindrical shell.
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HBB-3213.23  Plasticity. Plasticity is the special case

of inelasticity in which the material undergoes time-
independent nonrecoverable deformation. For 9Cr-
1Mo-V, time-independent plasticity at higher tempera-
tures occurs only in limiting cases where strain rates
are high relative to creep rates.

HBB-3213.24 Plastic Analysis. Plastic analysis is
that method that computes the structural behavior under
given loads considering the plasticity characteristics of
the materials, including strain hardening and the stress
redistribution occurring in the structure. For 9Cr-
1Mo-V, a plastic analysis must generally account for rate
dependence and creep effects. A plastic analysis thus im-
plies a full inelastic analysis.

HBB-3213.25 Plastic Analysis — Collapse Load. A
plastic analysis may be used to determine the collapse
load for a given combination of loads on a given structure.
The following criteria for determination of the collapse
load shall be used. A load-deflection or load-strain curve
is plotted with load as the ordinate and deflection or
strain as the abscissa. The angle that the linear part of
the load deflection or load strain curve makes with the or-
dinate is called 6. A second straight line, hereafter called
the collapse limit line, is drawn through the origin so that
it makes an angle ¢ = tan™" (2 tan @) with the ordinate.
The collapse load is the load at the intersection of the
load-deflection or load-strain curve and the collapse limit
line. If this method is used, particular care should be given
to assuring that the strains or deflections that are-used
are indicative of the load carrying capacity of the
structure.

HBB-3213.26 Plastic Instability Load. The plastic in-
stability load for members under predominantly tensile
or compressive loading is defined as/that load at which
unbounded plastic deformation can” occur without an in-
crease in load. At the plastictensile instability load, the
true stress in the material\increases faster than strain
hardening can accommodate.

HBB-3213.27 -Limit Analysis. Limit analysis is a spe-
cial case of plasticranalysis in which the material is as-
sumed to be ideally plastic (nonstrain-hardening). In
limit analysis, the equilibrium and flow characteristics
at the limit state are used to calculate the collapse load.
The. twe bounding methods that are used in limit analysis
are.the lower bound approach, which is associated with a
statically admissible stress field, and the upper bound ap-
proach, which is associated with a kinematically admissi-
ble velocity field. For beams and frames, the term
mechanism is commonly used in lieu of kinematically ad-
missible velocity field.

HBB-3213.28 Limit Analysis — Collapse Load. The
methods of limit analysis are used to compute the maxi-

of ideally plastic material. If creep effects exist, then the
influence of time-dependent deformations on the collapse
load shall be considered.

HBB-3213.29 Calculated Collapse Load — Lower
Bound. If, for a given load, any system of stresses can
be found that everywhere satisfies equilibrium, and no-
where exceeds the material yield strength, the load is at
or below the collapse load. This is the lower bound/theo-
rem of limit analysis that permits calculations of-a lower
bound to the collapse load. If creep effects exist, then the
influence of time-dependent deformations on(the collapse
load shall be considered.

HBB-3213.30 Plastic Hinge. A'plastic hinge is an
idealized concept used in Limit Analysis. In a beam or a
frame, a plastic hinge is formed-at the point where the
moment, shear, and axial forCe;lie on the yield interaction
surface. In plates and shells, a plastic hinge is formed
where the generalizedsstresses lie on the yield surface.

HBB-3213.31 | Strain Limiting Load. When a limit is
placed upon a strain, the load associated with the strain
limit is called.the strain limiting load.

HBB-3213.32 Test Collapse Load. Test collapse load
is the-collapse load determined by tests according to the
critefia given in Section III Appendices, Mandatory
Appendix 11, 11-1430.

HBB-3213.33 Ratcheting. Ratcheting is a progressive
cyclic inelastic deformation. Total inelastic strain per cy-
cle may vary from cycle to cycle in the most general situa-
tion. Stable ratcheting occurs when the net inelastic strain
from a given load cycle is constant for subsequent cycles.

(a) Progressive incremental inelastic deformation can
occur in a component that is subjected to cyclic variations
of mechanical secondary stress, thermal secondary stress,
or both in the presence of a primary stress.

(b) Where creep effects are significant, creep ratcheting
can occur, even in the absence of plastic yielding. At least
two mechanisms are involved in creep ratcheting. First,
creep can alter the residual stresses and thus affect the
time-independent behavior. Secondly, the time-
dependent deformation can be enhanced because of the
nonlinear interaction of primary and secondary stresses.
This latter effect is referred to as enhanced creep.

HBB-3213.34 Shakedown. Shakedown is the absence
of significant progressive, cyclic, inelastic deformation, or
ratcheting (HBB-3213.33). A structure shakes down if,
after a few cycles of load application, the deformation
stabilizes.

HBB-3213.35 Design Information on the Name-
plate. Design Information on the Nameplate are the De-
sign Temperature and the Design Pressure for the zone
of the structure nearest the pressure relief device (or
the top of the component if there are no pressure relief
devices). The values for these parameters shall appear

mum carrying [oad Ior a structure assumed to be made
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HBB-3213.36 Use-Fraction. Use-fraction is the mate-
rial damage due to primary stresses expressed as a time
ratio.

HBB-3213.37 Fatigue Damage. Fatigue damage is
that part of the total material damage caused by cyclic de-
formation that is independent of time effects (e.g., stress
holdtime, strain holdtime, frequency). The damage is ex-
pressed in terms of a cycle ratio.

HBB-3213.38 Creep Damage. Creep damage is that
part of the total material damage caused by time exposure
to steady and transient stresses at elevated temperatures,
expressed as a time ratio. (Relaxation damage is a form of
creep damage.)

HBB-3213.39 Creep-Fatigue Interaction. Creep-
fatigue interaction is the effect of combined creep and fa-
tigue on the total creep-fatigue damage accumulated at
failure.

HBB-3214 Stress Analysis

A detailed stress analysis of all major structural compo-
nents shall be prepared in sufficient detail to show that
each rule or limit of HBB-3220 and HBB-3230 is satisfied
when the component is subjected to the loadings de-
scribed in HBB-3111. This detailed analysis shall become
a part of the Design Report (NCA-3550).

HBB-3214.1 Elastic Analysis. The analysis guide-
lines and methods in Division 1, Article NB-3000 apply
(HBB-3211). As an aid to the evaluation of these elastic
stresses, equations and methods for the solution of’cer-
tain recurring problems have been placed in Section 111
Appendices, Nonmandatory Appendix A.

HBB-3214.2 Inelastic Analysis. When‘thermal and
mechanical loadings are sufficiently severe to produce
yielding and/or when thermal creep processes are active,
inelastic design analysis may be required. The rules and
limits of Nonmandatory Appehdix HBB-T were estab-
lished with the expectation that'inelastic analyses would
sometimes be required, and that such analyses would
be sufficiently comprehensive to predict significant beha-
vioral features. Generally, this requires analysis of com-
bined time-indepéndent elastic-plastic material
behavior and time-dependent creep behavior capable of
predicting stresses, strains, and deformations as func-
tions of time for specific thermal-mechanical load
histories.

The.constitutive equations, which describe the inelastic
behavior, should reflect the following features when they
have a significant influence on structural response: the ef-
fects of plastic strain hardening including cyclic loading
effects and the hardening or softening that can occur with
high temperature exposure; primary creep and the effects
of creep strain hardening as well as softening (due to re-
verse loadings); and the effects of prior creep on subse-

The basis for choosing the selected methods and rela-
tions used should be included in the Design Report.

Since the rules and limits incorporate design factors
and margins to account for material property variations
and uncertainties, it is generally appropriate to use aver-
age stress-strain and creep data in inelastic design
analyses. The buckling and instability limits of Nonman-
datory Appendix HBB-T are an exception; in
HBB-T-1510(g) it is stated that the minimum expected
stress-strain curve should be used.

For 9Cr-1Mo-V, decoupling of plastic and creep-strains
in the classical constitutive framework is generallya poor
representation of the true material behavior¥nified con-
stitutive equations, which do not distinguish between
rate-dependent plasticity and time-dependent creep, rep-
resent the rate dependence and softening that occur, par-
ticularly at higher temperaturest

HBB-3214.3 Mechanicaland Physical Properties.
The values of some mechanical and physical properties
needed for analysis aretisted in Section II, Part D, Subpart
2, Tables TM and TE, and in Mandatory Appendix
HBB-I-14 and Nonmandatory Appendix HBB-T. Properties
covered include?

(a) isochronous stress-strain curves

(b) yield strength

(c) stress-to-rupture

(d) modulus of elasticity

{¢) instantaneous and mean coefficients of thermal
expansion

Other mechanical and physical property relations used
in the analysis shall be described and justified in the De-
sign Report.

HBB-3215 Derivation of Stress Intensities

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

(a) At the point on the component that is being investi-
gated, choose an orthogonal set of coordinates such as
tangential, longitudinal, and radial, and designate them
by the subscripts, t, I, and r. The stress components in
these directions are then designated o, 0;, and o, for di-
rect stresses and 7, 7;,, and 7, for shearing stresses.

quent plasticity, and vice versa.
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(b) Calculate the stress components for each type of
loading to which the part will be subjected and assign
each set of stress values to one or a group of the following
categories:

F = peak stress components as defined in
HBB-3213.11. Tables HBB-3217-1 and
HBB-3217-2 provide assistance in the determi-
nation of the category to which a stress should
be assigned.

= primary bending stress components at a sur-
face as defined in HBB-3213.8

average primary stress components as defined
in HBB-3213.8 and HBB-3213.10

secondary stress components as defined in
HBB-3213.9

Pm,PL:

It should be noted that each of the symbols for the
above stress categories represents six scalar quantities
corresponding to the six stress components, o, 6, 0,
Ti¢, Tir, and 7,.. In the particular case of the six mem-
brane stress components, each component shall be aver-
aged across the thickness of the structural section.

(c) For each category, calculate the algebraic sum of the
o, values that result from the different types of loadings
and similarly for the other five stress components. Certain
combinations of the categories must also be considered.

(d) Translate the stress components for the ¢, I, and r
directions into principal stresses, 01, 0,, and o3. (In
many pressure component calculations, the ¢, I, and r di-
rections may be so chosen that the shearing stress ‘com-
ponents are zero and o1, 0, and o3 are identical ‘to o,
o, and o,.

(e) Calculate the stress differences S12,S>3, and Sz
from the relations:

S12 =01 0
$23 = 0305 03
$31 =03 -0

The stress intensity(S; is the largest absolute value of S 5,
Sz 3, and 53 1-

HBB-3216 Derivation of Stress Differences and
Strain Differences

The ability of the component to withstand the specified
cyclic operation without creep-fatigue failure shall be de-
termined as in HBB-3250. The evaluation shall demon-
strate, by evaluating the stresses and strains at selected
points of the components, that the combined creep-
fatigue damage is everywhere within design limits. Only
the stress and strain differences due to the operational cy-
cles as specified in the Design Specifications need be

HBB-321I7 Classification of Stresses

Tables HBB-3217-1 and HBB-3217-2 provide assis-
tance in the determination of the category to which a
stress should be assigned. For portions of the component
not exposed to elevated temperature service, the classifi-
cation or category may be selected as in Division 1, Article
NB-3000.

HBB-3220 DESIGN RULES AND LIMITS FOR
LOAD-CONTROLLED STRESSES IN
STRUCTURES OTHER THAN BOLTS

HBB-3221 General Requirements

(a) The rules for design against failure from load-
controlled stresses are illustrated in Figure HBB-3221-1
and are explained in HBB;3220. The allowable stress in-
tensity values used in HBB<3220 are listed in Section II,
Part D, Subpart 15 -Tables 2A and 2B and Tables
HBB-1-14.1(a) through"HBB-1-14.13C. Note that the strain,
deformation, and fatigue limits of HBB-3250 require ana-
lyses beyond\those required by the rules of HBB-3220.

(b) The stress intensity limits used in Figure
HBB-322%<1 and throughout this Subsection are defined
for base metal and at weldments as follows:

(1) Base Metal

Sm = the lowest stress intensity value at a given tem-
perature among the time-independent strength
quantities that are defined in Section II, Part D as
criteria for determining S ,; in Subsection HB, Sub-
part B, the S, values are extended to elevated
temperatures by using the same criteria. As de-
scribed in HBB-2160(d), it may be necessary to ad-
just the values of S, to account for the effects of
long-time service at elevated temperature.

the allowable limit of general primary membrane
stress intensity to be used as a reference for stress
calculations for the actual service life and under
the Level A and B Service Loadings; the allowable
values are shown in Figures HBB-I-14.3A through
HBB-1-14.3E and in Tables HBB-1-14.3A through
HBB-1-14.3E. The S,,, values are the lower of
two stress intensity values, S, (time independent)
and S; (time dependent). As described in
HBB-2160(d), it may be necessary to adjust the
values of S,,; to account for the effects of long-
time service at elevated temperature.

the maximum allowable value of general primary
membrane stress intensity to be used as a refer-
ence for stress calculations under Design Load-
ings. The allowable values are given in Table
HBB-I-14.2. [The values correspond to the S val-
ues given in Section I, Part D, Subpart 1, Table
1A, except for a few cases at lower temperatures
where values of S,,, (defined below and given in

considered.
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Table HBB-3217-1

Classification of Stress Intensity in Vessels for Some Typical Cases

Vessel Component Location Origin of Stress Type of Stress Classification
Cylindrical or spherical |Shell plate remote from Internal pressure General membrane P,
shell discontinuities Gradient through plate thickness Q
Axial thermal gradient Membrane Q [Note (1)]
Bending Q
Junction with head or flange |Internal pressure Membrane P,
Bending Q [Note (2)]
Any shell or head Any section across entire External load or moment, or |General membrane averaged across |P,,
vessel internal pressure full section. Stress component
perpendicular to cross section.
External load or moment Bending across full section. Stress Pm
component perpendicular to cross
section.
Near nozzle or other opening |External load or moment, or |Local membrane P,
internal pressure Bending Q
Peak (fillet or conner) F
Any location Temp. diff. between shell and [Membrane Q [Note (1)]
head Bending Q
Dished head or conical |Crown Internal pressure Membrane P,
head Bending P,
Knuckle or junction to shell Internal pressure Membrane P [Note (3)]
Bending Q
Flat head Center region Internal pressure Membrane P,
Bending Py
Junction to shell Internal pressure Membrane Py
Bending Q [Note (2)]
Perforated head or shell | Typical ligament in a uniform |Pressupe Membrane (Av. through cross P
pattern section)
Bending (Av. through width of lig, [P,
but gradient through plate)
Peak F
Isolated or atypical ligament |Pressure Membrane Q
Bending F
Peak F
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Classification of Stress Intensity in Vessels for Some Typical Cases (Cont'd)

Table HBB-3217-1

Vessel Component Location Origin of Stress Type of Stress Classification
Nozzle (HBB-3227.5) Within the limits of Pressure and external loads General membrane P,
reinforcement defined by and moments including Bending (other than gross structural | P,,
HBB-3334 those attributable to discontinuity stresses) averaged
restrained free end through nozzle thickness
displacements of attached
piping
Outside the limits of Pressure and external axial, General membrane stresses P
reinforcement defined by shear, and torsional loads
HBB-3334 other than those
attributable to restrained
free end displacements of
attached piping
Pressure and external loads Membrane P,
and moments other than Bending P,
those attributable to
restrained free end
displacements of attached
piping
Pressure and all external loads | Membrane P,
and moments Bending Q
Peak F
Nozzle wall Gross structural Local membrane P,
discontinuities at nozZle to Bending Q
shell junction Peak F
Any Differential eXpansion Membrane Q [Note (1)]
Bending Q
Peak F
Cladding Any Differential expansion Membrane F
Bending F
Any Any Radial temp. Distribution Equivalent Linear stress [Note (4)] |Q
[Note (5)] Nonlinear portion of stress F
distribution
Any Any Any Stress concentration (notch effect) |F
NOTES:

(1) These classifications may bexmodified for purposes of certain criteria in Nonmandatory Appendix HBB-T.
(2) If the bending moment at the edge is required to maintain the bending stress in the middle to acceptable limits, the edge bending is

classified as P,. Otherwise, it is classified as Q.

(3) Consideration mustalso be given to the possibility of wrinkling and exessive deformation in vessels with large diameter-to-thickness

ratio.

(4) Consider possibility of thermal stress ratchet (see HBB-3250).
(5) Equivalent linear stress is defined as the linear stress distribution which has the same net bending moment as the actual stress

distribution.
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Table HBB-3217-2

Classification of Stress Intensity in Piping, Typical Cases

Discontinuities
Considered
Piping Component Locations Origin of Stresses Classification [Note (1)] Gross Local
Pipe or tube, elbows, and Any, except crotch Internal pressure P, No No
reducers. Intersections and regions of P, and Q Yes No
ibri"iﬁzhc;:(())ilcr}lleiig()ir;;:xcept intersections P Yes Yes
Sustained mechanical loads Py No No
including weight P, and Q Yes No
F Yes Yes
Expansion P, Pp, and Q [Note (1)], Yes No
[Note (2)]
F Yes Yes
Axial thermal gradient Q [Note (1)] Yes No
F Yes Yes
Intersections, including tees |In the crotch region Internal pressure, sustained |P, and Q [Note (3)] Yes No
and branch connections mechanical loads, and F Yes Yes
expansion
Axial thermal gradient Q [Note (1)} Yes No
F Yes Yes
Bolts and flanges Any Internal pressure, gasket Pp No No
compression, bolt load 0 Yes No
F Yes Yes
Thermal gradient Q [Note (1)] Yes No
F Yes Yes
Expansion P, Pp, and Q [Note (1)], Yes No
[Note (2)]
F Yes Yes
Any Any Nonlitear radial thermal F Yes Yes
gradient
Linear radial thermal gradient|Q [Note (1)] Yes No
NOTES:

(1) These classifications may be modifiedfoxpurposes of certain criteria in Nonmandatory Appendix HBB-T.
(2) See HBB-3138 and HBB-3213.8.
(3) Analysis is not required when reinforced in accordance with HBB-3643.

St

300,000 hr exceed-the S values. In those limited
cases, S, is eqialto S,,, at 300,000 hr rather than
S

a tempefature and time-dependent stress inten-
sity limit; the data considered in establishing these
values-are obtained from long-term, constant load,
Uniaxial tests. For each specific time, t, the S, val-
ues shall be the lesser of:

(a) 100% of the average stress required to
obtain a total (elastic, plastic, primary, and sec-
ondary creep) strain of 1%;

(b) 80% of the minimum stress to cause in-
itiation of tertiary creep; and

(c) 67% of the minimum stress to cause
rupture.

S, = theyield strength of a material at a given tempera-
ture from Table HBB-1-14.5

(2) Weldments

Sme = the allowable limit of general primary membrane
stress intensity, and shall be taken as the lower
of the S,,; values from Tables HBB-I1-14.3A
through HBB-I-14.3E, or:

085S, x R

As described in HBB-2160(d), it may be necessary
to adjust the values of S, to account for the effects
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Figure HBB-3221-1
Flow Diagram for Elevated Temperature Analysis
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S: = temperature and time-dependent stress intensity
limit at a weldment, and shall be taken as the low-
er of the tabulated S, values from Tables
HBB-1-14.4A through HBB-I-14.4E, or:

085, x R

where

the appropriate ratio of the weld metal
creep rupture strength to the base metal
creep rupture strength from Tables
HBB-1-14.10A-1 through HBB-1-14.10E-1.
The lowest S, value of the adjacent base me-
tals shall be utilized for the weldment.

the expected minimum stress-to-rupture
strength given in Tables HBB-1-14.6A
through HBB-1-14.6F

HBB-3222 Design and Service Limits

HBB-3222.1 Design Limits. The stress calculations
required for the analysis of Design Loadings
(HBB-3113.1) shall be based on a linearly elastic material
model. The calculated stress intensity values shall satisfy
the limits of (a) and (b) below.

(a) The general primary membrane stress intensity, de-
rived from P,,, shall not exceed S,:'°

Phn =5 (1)

(b) The combined primary membrane plus bending
stress intensity, derived from P, and P, shall not exceed
1.55,:

(P, + Pp) < (15)S, (2)

Note that the local primary membrane stress)P, includes
the general primary membrane stress, Pf7yAs in Division
1, Subsection NB, the left-hand side 6f-eq. (2) does not
represent a simple algebraic combination since P; and
P, may each represent as mdny as six quantities
[HBB-3215(b)].

(c) External pressure and other compression inducing
loadings shall be investigated for adequate buckling
strength, using the limits of Division 1, NB-3133 or other
limits and time-independent factors permitted under
HBB-3252.

HBB-3222:2" Level A Service Limits. The stress inten-
sity limits for Level A Service Limits (HBB-3113.3) also
applyto-the stresses under both Level A and B Service
Leadings. The limits for both are given in HBB-3223.

HBB-3223 Level A and B Service Limits

The stress calculations required for the analysis of Lev-
el A and B Service Loadings (HBB-3113.4) are based on a
linearly elastic material model. The calculated stress-
intensity values shall satisfy the conditions of (a) through
(g) below.

(a) The general primary membrane stress intensity, de-
rived from P, for Level A and B Service Loadings, shall
not exceed S,

<

I (3)

where S, is determined for the time, ¢, corréSponding to
the total duration of the particular loading during the en-
tire service life, and for temperature, T,corresponding to
the maximum wall averaged tempefature that occurs dur-
ing the particular loading event.

(b) When time, ¢, [in (a) above] is less than the total
specified service life of the. component, the cumulative ef-
fect of all the loadingS;shall be evaluated by the use-
fraction sum in HBB=3224(b). In addition, it is permissible
and often advantageous to subdivide a loading history
into several load\levels and into several temperatures at
any given load/evel.

Smt

(c) The/combined primary membrane plus bending
stress ‘intensities, derived from P, and P, for Level A
and'‘B/Service Loadings, shall satisfy the following limits
with:

P + P, < KSy (4)

P, + Py/K, <

St (5)

The factor K, accounts for the reduction in extreme fi-
ber bending stress due to the effect of creep. The factor is
given by

K = (K + 1)/2 (6)

The factor, K, is the section factor for the cross section
being considered. It is the ratio of the load set producing a
fully plastic section to a load set producing initial yielding
of the extreme fiber of the cross section. In evaluating the
initial yield and fully plastic section capabilities, the ratios
of each individual load in the respective load set to each
other load in that load set shall be the same as the respec-
tive ratios of the individual loads in the specified service
load set. Values of K for various sections are given in Sec-
tion III Appendices, Nonmandatory Appendix A, Table
A-9521(b)-1.

(d) In evaluating across-the-wall bending of shell type
structures, K = 1.5 (for rectangular sections) shall be
used. Thus, for across-the-wall shell bending, K, = 1.25
in eq. (c)(6). Note that the classification of stresses of pri-
mary membrane or primary bending for use with these
section factors shall be consistent with the specific rules
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(e) Ineq. (c)(5), the S; value is determined for the time,
t, corresponding to the total duration of the combined
stress intensity derived from P; and P, /K, and the max-
imum wall averaged temperature, T, during the entire
service life of the component.

(f) When t is less than the total service life of the com-
ponent, the cumulative effect of all [P, + (P,/K.)] load-
ings shall be evaluated by the use-fraction sum of
HBB-3224(d). It is permissible and often advantageous
to separate a loading history into several load levels
and into several temperatures at any given load level.

(g) Under all conditions where a bending loading oc-
curs across a section, the propensity for buckling of that
part of the section in compression shall be investigated
under the requirements of HBB-3250.

HBB-3224 Level C Service Limits

The stress calculations required for Level C Service
Loadings analysis are based on a linearly elastic material
model. The calculated stress intensity values shall satisfy
the conditions of (a) through (d) below.

(a) The general primary membrane stress intensity, de-
rived from P, for Level C Service Loadings, shall not ex-
ceed the smaller of 1.25,, and 1.0S,

(b) In addition, the use-fraction sum associated with
the general primary membrane stresses for all incre-
ments of primary loadings during Level A, B, and C Load-
ings shall satisfy the following requirements:

A <

12 Sy,

1.0 S, %

(8)

where

B = use-fraction factor andds equal to 1.0 [or less if so
specified in the*Design Specifications
(NCA-3211.19)]

the total duration of a specific loading, P,,;, at ele-
vated temperature, T, during the entire service life

of the component. Note that Z,-(t,-) is that part of

the component service life at elevated tempera-
tures (i.e., temperatures above values governed
by the rules of Division 1, Subsection NB as ex-
plained in HBB-3211).

maximum allowed time under the load stress in-
tensity, S;, as determined from a graph of

The use of Figures HBB-1-14.4A through HBB-1-14.4E
for determining t;,, for two loading conditions at two dif-
ferent temperatures is shown schematically in Figure
HBB-3224-1. In Figure HBB-3224-1, P,,,; (i = 1, 2, 3,
etc.) represents the calculated membrane stress intensity
for the loading condition and temperature in question;
and T; represents the maximum local wall averaged tem-
perature during t;. Note that it may be desirable to_con-
sider that a given stress intensity, P,,;, acts during
several time periods, t;, in order to take credit for the fact
that the temperature varies with time.

(c) The combined primary membrane-plus bending
stress intensities, derived from P; and-Py for Level C Ser-
vice Loadings, shall satisfy the fellowing limits, with
1.0<K < 15:

<

P, + Pp<{&1.2KSy, ©)

PSPy /K, < S, (10)

where K, is defined as in HBB-3223(c).

(d) In addition, the sum of the use-fractions associated
with the primary membrane plus bending stresses for all
increménts of primary loadings during Level A, B, and C
Servige Loadings shall not exceed the value, 1.00:

2

t; = the total duration of the loading at temperature, T;
and
t;p = the time value determined by entering Figures
HBB-1-14.4A through HBB-I-14.4E at a value of
stress equal to P, + P, /K., as shown in Figure
HBB-3224-2.

<

1.00 (11)

where

Figure HBB-3224-1
Use-Fractions for Membrane Stress

Curve at applicable temperature
(from either Figure HBB-I-14.4 or
Figure HBB-I-14.6)

or

St or S,

S¢-vs-time (see Figures HBB-1-14.4A through —-R Pm1 15P |
| . m2
HBB-1-14.4E.) | or 1
t or t9
fim OF 1y ———1':5 Pma 2;" ’
Time

69



https://asmenormdoc.com/api2/?name=ASME BPVC.III.5 (ASME BPVC Section 3 Division 5) 2023.pdf

ASME BPVC.IIL.5-2023

Figure HBB-3224-2
Use-Fractions for Membrane Plus Bending
Stress

Curve at applicable temperature
(from either Figure HBB-I-14.4
or Figure HBB-1-14.6)

(PL +P, / Kt)i
or

1.5 (PL + Pb / Kt)i

or

e —

S, or S,

1.25 i
__E(PL +Pb/Kt)'

tip OF tipr
'

L]

Time

HBB-3225 Level D Service Limits

The rules of this paragraph may be used in the evalua-
tion of components subjected to loads specified as Level D
Service Loadings.

(a) The rules in HBB-3225 (and in Section III Appen-
dices, Mandatory Appendix XXVII) shall be applied in all
instances unless alternative or supplementary criteria,
as required by public health and safety considerations
for specific components or systems, are defined in, and
made applicable by, the Owner’s Design Specifications
(NCA-3211.19). The type of analysis (elastic or inelastic)
used by the system designer shall be indicated in{the De-
sign Specifications (see Section III AppendicesyMandatory
Appendix XXVII, XXVII-2000).

(b) The general primary membrane $tress intensity, de-
rived from P, for the Level D Service Loadings, shall not
exceed the smaller of 0.67S,, 0.8RS,, and one of the Level
D Service Limits in Section(lll Appendices, Mandatory
Appendix XXVII:

Limitin Mandatory Appendix XXVII for B,
067°S,
0:8 RS,

R, < (12)

where

R = the appropriate ratio of the weld metal creep
strength to the base metal strength from Tables
HBB-1-14.10A-1 through HBB-I-14.10E-1

S, = the expected minimum stress-to-rupture in time t
taken from Figures HBB-1-14.6A through

(c) In addition, the use-fraction sum associated with
the general primary membrane stresses that arise from
all Service Loadings, shall satisfy the requirement:

2

b
i\

B, = use-fraction factor and is equal to 1.0 (or less ifiso
specified in the Design Specifications
(NCA-3211.19)

the total duration of a specific loading, P, at ele-
vated temperature, T;, during the entire’service life

of the component. Note that ¥;(¢] is that part of the

component service life at elevated temperatures
(i.e., temperatures above<{yalues governed by the
rules of Division 1, SubSection NB, as explained in
HBB-3211).

maximum allowed time under the load stress inten-
sity 1.5P,,; for'base metal or, for weldments, the
higher of 1.5P),; or (1.25/R)P ;. The allowable
time under}oad is determined from the graph of
mininfum stress-to-rupture versus time (see
Figures HBB-I-14.6A through HBB-1-14.6F).

B

where

The“use of Figures HBB-I-14.6A through HBB-1-14.6F
fordétermining t;, for two loading conditions at two dif-
ferent temperatures is shown schematically in Figure
HBB-3224-1. In Figure HBB-3224-1, 1.5P,,,; (i = 1, 2, 3,
etc.) represents 1.5 times the calculated membrane stress
intensity for the loading condition and temperature in
question, and T; represents the maximum local wall aver-
aged temperature during t;. Note that it may be desirable
to consider that a given stress intensity acts during sev-
eral time periods, t;, in order to take credit for the varia-
tion of temperature with time.

(d) The combined primary membrane plus bending
stress intensities, derived from P; and P, shall satisfy
the following limits, with 1.0 < K < 1.5, and Level D Ser-
vice Limits in Section III Appendices, Mandatory Appen-
dix XXVII for P, + Py:

0.67 S,
0.8 RS,

where K, is defined in HBB-3223(c).

(e) In addition, the sum of the use-fraction associated
with the primary membrane plus bending stresses that
arise from all Service Loadings, shall not exceed the value
of 1.00:

P, + Py/K, < (13)

)y [LJ <1.00

i \tipr

where

HBbB-1-14.6F
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tipr = the time value determined by entering Figures
HBB-1-14.6A through HBB-1-14.6F at a value of
stress equal to 1.5(P, + P, /K,) for base metal
or higher of 1.5(P, + P,/K,) and
1.25(P, + P, /K.)/R for weldments as shown in
Figure HBB-3224-2

(f) For the purpose of Section Il Appendices, Manda-
tory Appendix XXVII calculations, the yield strength and
tensile strength values shall be defined as follows:

(1) Yield strength values shall be the product of the
value shown in Table HBB-1-14.5 and the strength reduc-
tion factor shown in Tables HBB-3225-2, HBB-3225-3A,
and HBB-3225-3B.

(2) Tensile strength values shall be the product of the
value shown in Table HBB-3225-1 and the strength re-
duction factor shown in Tables HBB-3225-2,
HBB-3225-3A, HBB-3225-3B, and HBB-3225-4B, where
the strength reduction factor is selected as a function of
the accumulated time-temperature history to which the
component has been exposed prior to the event under
analysis. Where a component has been exposed to a vary-
ing temperature history, the reduction factor employed
shall be determined by assuming that the component
has operated at the maximum temperature throughout
its prior operational life (exclusive of Level D Service
Condition.)

HBB-3226 Pressure Testing Limitations

During any static pressure testing, the following limits
shall not be exceeded in any structural part:

(a) The general primary membrane stress intensity
shall not exceed 90% of the tabulated yield<tyength at
temperature.

(b) The primary membrane plus bending stress inten-
sity shall not exceed 135% of the tabulated yield stress
at temperature.

(c) The external pressure shall not exceed 135% of the
maximum pressure allowed<by the design rules of
HBB-3250.

HBB-3227 Special Stress Limits

The following deviations from the basic stress limits
are provided to'cover special operating conditions or con-
figurations.«Some of these deviations are more restrictive,
and some-are less restrictive, than the basic stress limits.
In cas€s of conflict between these requirements and the
basic stress limits, the rules of HBB-3227 take precedence
forthe particular situations to which they apply.

HBB-3227.1 Bearing Loads.

(a) The average bearing stress for resistance to crush-
ing under the maximum load, experienced as a result of
load categories other than Level D Service Loading, shall
be considered.

The average bearing stress for Service Levels A, B, and
C shall be limited to the lesser of:

(1) the tabulated yield strength at the Service Tem-
perature; or

(2) the stress at 0.2% offset strain as obtained from
the isochronous stress-strain curve for the temperature
of service and for the time duration equal to the total ser-
vice life the component is expected to spend at tempera-
tures greater than those listed in Section II, Part DJ
Subpart 1, Tables 2A and 2B.

(b) For clad surfaces, the properties of the base metal
may be used if, when calculating the bearing stress, the
bearing area is taken as the lesser of the agtual contact
area or the area of the base metal supporting the contact
surface.

(c) When bearing loads are applied near free edges,
such as at a protruding edge, the-possibility of a shear fail-
ure shall be considered. The average shear stress shall be
limited to 0.6S,,; in the case\of load-controlled stresses.
For clad surfaces, if the ¢onfiguration or thickness is such
that a shear failure could occur entirely within the clad
material, the allowabl€é 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 me-
tal and ‘partially clad material, the allowable shear stress-
es for each material shall be used when evaluating the
combined resistance to this type of failure.

HBB-3227.2 Pure Shear.

(a) The average primary shear stress across a section
loaded in pure shear (for example, keys, shear rings,
screw threads), experienced as a result of any loading ca-
tegories other than Level D Service Loadings, shall be lim-
ited to 0.6S,,;.

(b) The maximum primary shear stress, experienced as
a result of any loading categories other than Level D Ser-
vice Loadings, exclusive of stress concentration at the
periphery of a solid circular section in torsion, shall be
limited to 0.8S5,,;.

HBB-3227.3 Progressive Distortion of Nonintegral
Connections. Screwed on caps, screwed in plugs, shear
ring closures, and breech lock closures are examples of
nonintegral connections which are subject to failure by
bell mouthing or other types of progressive deformation.
If any combination of applied loads produces yielding,
such joints are subject to ratcheting because the mating
members may become loose at the end of each complete
operational cycle and start the next cycle in a new rela-
tionship with each other, with or without manual manip-
ulation. Additional distortion may occur in each cycle so
that interlocking parts, such as threads, can eventually
lose engagement. Such nonintegral connections shall not
be used where service temperatures are expected to ex-
ceed those associated with allowable stress intensity val-
ues for the specific materials as shown in Section II, Part
D, Subpart 1, Tables 2A and 2B.
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Table HBB-3225-1
Tensile Strength Values, S,

U.S. Customary Units, Kksi
See Section II, Part D, Subpart 1, Table U for Values up to 1,000°F

For Metal
Temperature Not
Exceeding, Ni-Fe-Cr
°F 304 SS 316 SS UNS N08810 2%/,Cr-1Mo 9Cr-1Mo-1V
1,050 55.0 61.5 57.4 49.2 51.4
1,100 52.3 58.3 55.3 43.7 45.5
1,150 49.1 54.7 52.9 371 39.4
1,200 45.6 50.6 50.2 29.6 33.2
1,250 41.8 46.0 47.0
1,300 37.7 41.0 43.6
1,350 33.4 35.7 39.9
1,400 29.1 30.0 36.0
1,450 24.8 24.2 32.0
1,500 20.6 18.2 27.8
1,550 23.7
1,600 19.7
1,650 16.0
SI Units, MPa
See Section II, Part D, Subpart 1, Table U for, Values up to 538°C
For Metal
Temperature Not
Exceeding, Ni-Ee-CGr
°C 304 SS 316 SS UNS N08810 2Y,Cr-1Mo 9Cr-1Mo-1V

550 388 435 402 358 379
575 373 417 391 327 341
600 355 396 378 290 303
625 335 373 362 248 265
650 314 347 345 202 228
675 289 318 326
700 264 288 305
725 238 255 282
750 211 221 258
775 185 185 233
800 159 149 208
825 182
850 157
875 132
900 109

GENERAL NOTES:

(@) The tabulated values of tensile strength and yield strength are those which the Committee believes are suitable
for,usein design calculations required by this Subsection. At temperatures above room temperature, the val-
Ues of tensile strength tend toward an average or expected value which may be as much as 10% above the
tensile strength trend curve adjusted to the minimum specified room temperature tensile strength. At tem-
peratures above room temperature, the yield strength values correspond to the yield strength trend curve ad-
justed to the minimum specified room temperature yield strength. Neither the tensile strength nor the yield
strength values correspond exactly to either average or minimum as these terms are applied to a statistical
treatment of a homogeneous set of data.

(b) Neither the ASME Material Specifications nor the rules of this Subsection required elevated temperature test-
ing for tensile or yield strengths of production material for use in Code components. It is not intended that
results of such tests, if performed, be compared with these tabulated tensile and yield strength values for
ASME Code acceptance/rejection purposes for materials. If some elevated temperature test results on produc-
tion material appear lower than the tabulated values by a large amount (more than the typical variability of
material and suggesting the possibility of some error), further investigation by retest or other means should be
considered.
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Table HBB-3225-2

Tensile and Yield Strength Reduction Factor Due to Long Time Prior Elevated Temperature Service

Service Temp., YS Reduction TS Reduction
Material °F (°C) Factor Factor
304 SS =900 (480) 1.00 0.80
316 SS =900 (480) 1.00 0.80
800H > 1,350 (730) 0.90 0.90
2Y,Cr-1Mo > 800 (425) [Note (1)] [Note (1)]
9Cr-1Mo-V > 900 (480) [Note (2)] [Note (2)]

GENERAL NOTE: No reduction factor required for service below the indicated temperature.

NOTES:

(1) See Tables HBB-3225-3A and HBB-3225-3B are selected to correspond to the maximum
wall-averaged temperature achieved during any Level A, B, or C Service Loading.

(2) See Tables HBB-3225-4A and HBB-3225-4B.

Table HBB=3225-3A
Yield Strength Reduction Factors for 2Y,Cr-1Mo

U.S, Customary Units

Temp., °F 1E0 1E1 3E1 1E2 3E2 1E3 3E3 1E4 3E4 1E5 3E5
700 1.00 1.00 1.00 1:00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
750 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
800 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
850 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.92
900 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.93 0.86
950 1.00 1.00 1:00 1.00 1.00 1.00 1.00 0.99 091 0.85 0.80

1,000 1.00 1.00 1.00 1.00 1.00 1.00 0.99 091 0.85 0.79 0.74
1,050 1.00 1.00 1.00 1.00 1.00 0.96 0.90 0.84 0.78 0.72 0.67
1,100 1.00 1.00 1.00 1.00 1.00 091 0.85 0.79 0.73 0.68 0.63
1,150 1.00 1.00 1.00 1.00 0.94 0.86
1,200 1.00 1.00 1.00 0.96 0.89 0.82
SI Units

Temp., °C 1E0 1E1 3E1 1E2 3E2 1E3 3E3 1E4 3E4 1E5 3E5
375 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
400 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
425 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
450 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.93
475 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.95 0.88
500 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.94 0.89 0.82
525 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.95 0.88 0.82 0.77
550 1.00 1.00 1.00 1.00 1.00 0.98 0.95 0.88 0.82 0.76 0.71
575 1.00 1.00 1.00 1.00 1.00 0.94 0.88 0.82 0.76 0.71 0.66
600 1.00 1.00 1.00 1.00 0.99 0.90
625 1.00 1.00 1.00 0.99 0.93 0.85
650 1.00 1.00 1.00 0.96 0.89 0.82

(23)
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Table HBB-3225-3B
Tensile Strength Reduction Factors for 2¥,Cr-1Mo

U.S. Customary Units

Temp.,°F 1E0 1E1 3E1 1E2 3E2 1E3 3E3 1E4 3E4 1E5 3E5
700 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
750 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
800 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.94
850 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.92 0.88
900 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.97 0.92 0.86 0.82
950 1.00 1.00 1.00 1.00 1.00 1.00 0.97 091 0.86 0.82 0.77

1,000 1.00 1.00 1.00 1.00 1.00 0.97 0.92 0.86 0.82 0.76 0:72
1,050 1.00 1.00 1.00 1.00 1.00 0.92 0.88 0.82 0.77 0.71 0.67
1,100 1.00 1.00 1.00 1.00 0.94 0.88 0.83 0.77 0.72 0.6Z 0.62
1,150 1.00 1.00 1.00 0.95 0.89 0.83
1,200 1.00 1.00 1.00 0.90 0.84 0.78
SI Units

Temp.,°C 1E0 1E1 3E1 1E2 3E2 1E3 3E3 1E4 3E4 1E5 3E5
375 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
400 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
425 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
450 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .00 1.00 0.93 0.89
475 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.94 0.88 0.84
500 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.93 0.88 0.83 0.79
525 1.00 1.00 1.00 1.00 1.00 0.98 0:94 0.88 0.84 0.79 0.74
550 1.00 1.00 1.00 1.00 1.00 0.95 0.90 0.84 0.80 0.74 0.70
575 1.00 1.00 1.00 1.00 0.98 0.91 0.86 0.80 0.75 0.70 0.65
600 1.00 1.00 1.00 1.00 0.93 0:87
625 1.00 1.00 1.00 0.94 0.88 0:82
650 1.00 1.00 1.00 0.90 0.84 0.78
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Table HBB-3225-4A
Yield Strength Reduction Factors for 9Cr-1Mo-V

U.S. Customary Units

Time, hr
Temp.,°F 1 10 3x10' 102 3x102 10° 3 x 10° 10* 3x10* 105 3x10° 5x10°
700 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00
750 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00
800 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00
850 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00
900 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00
950 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 :Lbo
1,000 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.98.) 0.94
1,050 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 094 086
1,100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.88 0.79
1,150 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1,00 082 0.74
1,200 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0,97 0.76  0.69
SI Units
Time, h
Temp.,°C 1 10 3x10° 102 3x10% 10° 3 x 10° 10*  3x10* 105 3x10° 5x10°
375 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00
400 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100 1.00 1.00 1.00  1.00
425 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00
450 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00
475 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00
500 1.00 1.00 1.00 1.00 1.00 1.00 1,00 1.00 1.00 1.00 1.00  1.00
525 1.00 1.00 1.00 1.00 1.00 1.00 4.00 1.00 1.00 1.00 1.00  0.99
550 1.00 1.00 1.00 1.00 1.00 1.00. 1.00 1.00 1.00 1.00 0.96 0.90
575 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 093 083
600 1.00 1.00 1.00 1.00 1.00 1,00 1.00 1.00 1.00 1.00 0.86 0.77
625 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.97 081 0.74
650 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.76  0.69

GENERAL NOTE: The values in this table are extrapolated from shorter term test data using an engineering model. For longer design
lives, the designer should consider further strength reductions to account for potential in-service material degradation, per
HBB-2160(a). In addition, enhanced materiaksurveillance programs and/or heightened in-service inspection per the rules of ASME
Section XI may be warranted.
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(23)

Table HBB-3225-4B
Tensile Strength Reduction Factors for 9Cr-1Mo-V

U.S. Customary Units

Time, hr
Temp.,°F 1 10 3x10' 10> 3x10>2 10®° 3x10° 10* 3x10* 10° 3x10° 5x10°
700 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00
750 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00
800 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00
850 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00
900 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 097 094
950 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.88 0.83
1,000 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.97 0.83 077
1,050 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.94 0.81C~075
1,100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.92 079, ~0.73
1,150 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.88 076 071
1,200 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.84 0.73  0.68
SI Units
Time, h
Temp.,°C 1 10 3x10° 102 3x102 10° 3x10° 10* 3x10*\"10° 3x10° 5x10°
375 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00
400 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1200 1.00 1.00  1.00
425 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00
450 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00. 1.00 1.00 1.00  1.00
475 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 098
500 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 091 085
525 1.00 1.00 1.00 1.00 1.00 1.00 1,00 1.00 1.00 0.98 0.85 0.79
550 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.82 0.76
575 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.93 0.80 0.74
600 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.91 0.78 0.73
625 1.00 1.00 1.00 1.00 1.00 100 1.00 1.00 0.99 0.87 0.75 0.71
650 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.84 0.73  0.68

GENERAL NOTE: The values in this table are extrapolatedfrom shorter term test data using an engineering model. For longer design
lives, the designer should consider further strength'teductions to account for potential in-service material degradation, per
HBB-2160(a). In addition, enhanced material suryveillance programs and/or heightened in-service inspection per the rules of ASME

Section XI may be warranted.

HBB-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,,;.

HBB-3227.5 Nozzle Piping Transition. The P,, clas-
sification of stresses.résulting from pressure, external
loads, and moments\is)applicable for that length of nozzle
which lies within the limits of reinforcement given by Di-
vision 1, NB-3334, whether or not nozzle reinforcement is
provided. Beyend the limits of reinforcement, a P, classi-
ficatiop-shall be applied to the general primary mem-
brane-stress intensity averaged across the section (not
thickness) resulting from combined pressure and exter-
nal mechanical loads; a P; or P, + P, classification shall
be respectively applied to local primary membrane or lo-
cal primary membrane plus bending stress intensities
that result from design pressure and external mechanical
loads; and a P, + P, + Q classification shall be applied to

primary plus secondary stress intensities resulting from
all loads including external load or moment attributable
to restrained free end displacement of the attached pipe.

HBB-3227.7 Requirements for Specially Designed
Welded Seals.

(a) Welded seals, such as omega and canopy seals (Di-
vision 1, NB-4360), shall be designed to meet the
pressure-induced general primary membrane stress in-
tensity limits specified in Subsection HB, Subpart B for
their materials of fabrication. Note that the general pri-
mary membrane stress intensity varies around the toroi-
dal cross section.

(b) All other membrane and bending stress intensities
developed in the welded seals may be considered as sec-
ondary stress intensities or peak stress intensities, as
appropriate.

HBB-3227.8 Cladding. The rules of (a) through (d)
below apply to the analysis of clad components con-
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a) Load-Controlled Stresses. No structural strengt
shall be attributed to the cladding in satisfying the load-
controlled stress limits in HBB-3200.

(b) Design Dimensions. The dimensions stipulated in (1)
and (2) below shall be used in the design of the
component.

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

(2) For components subjected to external pressure,
the outside diameter shall be taken at the outer face of
the base metal.

(c) Deformation-Controlled Quantities. No structural
strength shall be attributed to the cladding in satisfying
requirements on buckling instability. However, the clad-
ding shall be considered in all other calculations related
to satisfying limits on deformation-controlled quantities.

(d) Bearing Stresses. In satisfying (a), the presence of
cladding shall be included.

HBB-3230 STRESS LIMITS FOR
LOAD-CONTROLLED STRESSES ON
BOLTS

HBB-3231 General Requirements

(a) Elevated temperature components that contain
bolts not exposed to elevated temperature service ma¥y
be designed using the materials, design methods, and de-
sign limits of Division 1, Subsection NB (Section IilyAp-
pendices, Mandatory Appendix XIII, XIII-4000, and
Nonmandatory Appendix E).

(b) Bolts which are to experience elevated temperature
service shall comply with the requirements of HBB-3230.

HBB-3232 Design Limits for Bolts at Elevated
Temperatures

(a) The number and<cross-sectional area of bolts re-
quired to resist the ‘design pressure may be determined
in accordance with.the procedures of Section III Appen-
dices, Nonmandatory Appendix E, using the larger of the
bolt loads given by the equations of Section III Appen-
dices, Nonmandatory Appendix E as a design mechanical
load. TheTeference allowable bolt design stress intensity
valtes shall be the S, values given in Table HBB-1-14.12
for bolting materials.

(b) When the seal is effected by a seal weld and no gas-
ket is used, the gasket factor, m, and the minimum design
seating stress, y, may be taken as zero.

(c) When gaskets are used for preservice testing only,
the design shall be acceptable if the requirements of (a)
above are satisfied using m =y = 0, and the requirements
of HBB-3233 are satisfied using the appropriate m and y

- evel A an ervice Limits for Bolts
at Elevated Temperatures

HBB-3233.1 Average Stress. The maximum value of
stress due to pressure loading, averaged across the bolt
cross section and neglecting stress concentrations, shall
not exceed the S,,, stress values of Figures
HBB-1-14.13A through HBB-1-14.13C. The rules:of
HBB-3232 shall apply except for the S,,, values replacing
S, values.

HBB-3233.2 Maximum Stress in the Cross Section.
The maximum values for service stressés (averaged
across the bolt cross section and negleeting stress concen-
trations), such as those produced by acombination of pre-
load, pressure, and thermal expansion, shall not exceed
two times the S,,, values of Figures HBB-1-14.13A
through HBB-1-14.13C ufiless the design lifetime is di-
vided into two or moreJoading periods and the possibility
of creep rupture dueto membrane stresses is guarded
against by satisfying the use-fraction rule described in
HBB-3224(b), ‘with the use-fraction factor, B, set equal
to 0.5.1° Stress intensity, rather than maximum stress,
shall bedimited to this value when bolts are tightened
by devices which result in residual torsion stresses. Resi-
dualorsion stresses are minimized by devices such as
heaters and stretchers.

HBB-3233.3 Maximum Stress in the Bolt Periphery.
The maximum value of service stress at the periphery of
the bolt cross section (resulting from tension-plus-
bending and neglecting stress concentrations) shall not
exceed the lesser of three times the S, values in Figures
HBB-1-14.13A through HBB-1-14.13C or K,S, unless the
design lifetime is divided into two or more loading peri-
ods and the possibility of creep rupture due to bending
stresses is guarded against by satisfying the use-fraction
rule described in HBB-3224(d), but with the use-fraction
set at 0.67 instead of 1.0."° Stress intensity, rather than
maximum stress, shall be limited to this value when bolts
are tightened by devices that result in residual torsion
stresses. Residual torsion stresses are minimized by de-
vices such as heaters and stretchers.

HBB-3233.4 Nonductile Fracture. The rules of
HBB-3241 shall apply to bolts.

HBB-3234 Level C Service Limits

The limits of HBB-3233 shall apply to primary loads in
bolts.

HBB-3235 Level D Service Limits
The rules of HBB-3225 shall apply to primary loads in

factors 1or the test gasket.
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HBB-3240 SPECIAL REQUIREMENTS FOR
ELEVATED TEMPERATURE
COMPONENTS

HBB-3241 Nonductile Fracture

(a) A portion of the Design Report (NCA-3211.40) shall
justify the ability of the component to withstand the ex-
pected service conditions without undergoing nonductile
fracture. Even though components are not expected to fail
by nonductile fracture while at elevated temperatures,
the stress relaxation occurring under elevated tempera-
ture conditions will often lead to high residual stresses
during the portion of the operational cycle with lowest
temperatures. For loading times, stresses, and tempera-
tures where creep effects are not significant
(HBB-3211), an acceptable procedure for nonductile fail-
ure prevention is given in Section III Appendices, Non-
mandatory Appendix G for ferritic materials. When
Section III Appendices, Nonmandatory Appendix G is
not applicable, the fracture analysis shall consider the an-
ticipated stress level and flaw size, and compare these
conditions with the fracture toughness of the material
in the flaw region and at the appropriate temperature.

(b) The above justification requirements do not apply
to Type 304 SS, Type 316 SS, or Alloy 800H, unless the
fabrication effects substantially alter the fracture charac-
teristics of these materials in such a manner that nonduc-
tile fracture becomes a plausible failure mode. The Design
Specifications shall state when and how environmental
effects shall be considered for nonductile fracture beha
vior in these materials.

HBB-3250 LIMITS ON
DEFORMATION-CONTROLLED
QUANTITIES

HBB-3251 General Requirements

The strains and deformation resylting from the speci-
fied operating conditions shall‘be'evaluated. This evalua-
tion shall include the effects of ratcheting, the interaction
of creep and fatigue, and!the possibility of buckling and
structural instability.-The’N Certificate Holder shall docu-
ment, as a portion of-the Design Report (NCA-3211.40),
what effects and\conditions were considered in the final
analysis procedures, the evaluation criteria, and the con-
clusions of the evaluation.

HBB-3252 Criteria

It is the responsibility of the Owner to define the ac-
ceptability criteria to be applied as buckling, strain, defor-
mation, and fatigue limits in the Design Specifications
(NCA-3211.19). The acceptability criteria and material
properties contained in Nonmandatory Appendix HBB-T
may be used. However, alternative criteria may be applied

Owner. The Owner’s approval shall be indicated by incor-
porating the alternative criteria into the Design
Specifications.

HBB-3300 VESSEL DESIGNS

HBB-3310 GENERAL REQUIREMENTS
HBB-3311 Acceptability

(a) The requirements for acceptability of Class A vessel
design are stated in HBB-3111.1.

(b) In cases of conflict between this subartigle-and the
rules of HBB-3100 and HBB-3200, the reqiirements of
HBB-3300 shall govern.

HBB-3330 OPENINGS AND REINFORCEMENT
HBB-3331 General Requirements for Openings

(a) For vessels or parts.thereof that meet the require-
ments of HBB-3330, the-analysis limits of HBB-3220
related to load-controlled stresses need not be demon-
strated in the vicihity of the openings. However, the
deformation-controlled limits (HBB-3250) shall be satis-
fied in the vicinity of any opening exposed to conditions
where creepeffects are significant [HBB-3211(c)].

(b) @penings (for nozzle, branch, and piping connec-
tioms) using deposited weld metal as reinforcement, as
shown in Division 1, Figure NB-4244(c)-1, shall be limited
t0 nominal diameters of 4 in. (100 mm) or less.

(c) If it is shown by analysis that all of the requirements
of HBB-3200 have been met for the structural material
near an opening, then the rules of HBB-3332 through
HBB-3339 are waived.

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

The rules of Division 1, NB-3332 shall apply except that

(a) the 1.1S,, limit, which defines a locally stressed
area, shall be replaced by 1.1S,,,,. The S, value shall cor-
respond to the time equal to the service life of the vessel.

(b) t, is the thickness which meets the requirements
for primary membrane and primary membrane plus
bending under Level A and B Service Loadings.

HBB-3333 Reinforcement Required for Openings
in Flat Heads

The requirements of Division 1, NB-3333 shall apply,
with the ¢, defined as in HBB-3332.

HBB-3334 Limits of Reinforcement
The requirements of Division 1, NB-3334 shall apply.

HBB-3335 Metal Available for Reinforcement
The requirements of Division 1, NB-3335 shall apply

by tihe Certificate Holder subject to approval by the
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(a) metal forming a part of the vessel wall that is in ex-
cess of t, (as defined in HBB-3332) and is exclusive of
corrosion allowance;

HBB-3336 Strength of Reinforcing Material

(a) Material used for nozzle wall reinforcement shall be
made of the same alloy type as that of the vessel wall, and
the strength properties shall be assumed equivalent to
those of the vessel wall material.

(b) When the deposited weld metal is used as reinforce-
ment, the coefficients of thermal expansion of the base
metal, the weld metal, and the nozzle shall not differ by
more than 15% of the lowest coefficient involved.

HBB-3337 Attachment of Nozzles and Other
Connections

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

HBB-3337.2 Full Penetration Welded Nozzles. Full
penetration nozzle welds, as shown in Division 1, Figures
NB-4244(a)-1, NB-4244(b)-1, NB-4244(c)-1, and
NB-4244(e)-1, may be used (except as otherwise pro-
vided in HBB-3337.3) for the purpose of achieving conti-
nuity of metal and facilitating the required radiographic
examination. When all or part of the required reinforce-
ment is attributable to the nozzle, the nozzle shall be at-
tached by full penetration welds through either, the
vessel or the nozzle thickness, or both.

HBB-3337.3 Partial Penetration Welded/Nozzles.

(a) Partial penetration welds, as shown‘n Division 1,
Figures NB-4244(d)-1 and NB-4244(d)=2, are allowed
only for attachments on which there ‘are essentially no
piping reactions. Examples of such-attachments include
control rod housings, pressurized heater attachments,
and openings for instrumentation.

(b) Earthquake loadings.hormally need not be consid-
ered in determining whether piping reactions are sub-
stantial. However, such’loadings shall be considered if
significant creep €éffetts can occur at the nozzle.

(c) For such attachments, all reinforcement shall be in-
tegral withithe portion of the vessel penetrated. Partial
penetrationrtwelds shall be of sufficient size to develop
the full strength of the attachment.

(d) Nozzles attached by partial penetration welds shall
haye an interference fit or a maximum diametral clear-
ance between the nozzle and the vessel penetration of

(1) 0.010 in. (0.25 mm) for d < 1 in. (25 mm)

(2) 0.020 in. (0.50 mm) for 1 in. (25 mm) <d < 4 in.
(100 mm)

(3) 0.030 in. (0.75 mm) for d > 4 in. (100 mm)

where d is the outside diameter of the nozzle.
(e) The ratio of nominal nozzle diameter to that of the

(f) If significant creep effects occur in the vicinity of the
nozzle, the use of partial penetration welds shall be re-
stricted to nozzles with nominal diameters of 1 in.
(25 mm) or less.

HBB-3338 Evaluation of Strain and
Creep-Fatigue Limits in Openings

HBB-3338.1 General. For the purpose of determining
deformation-controlled stresses for the evaluation of
strain and creep-fatigue limits in openings, two@pplicable
methods are listed below.

(a) Analytical Method. This method uses'suitable analy-
tical techniques such as finite element-¢computer analyses,
which provide detailed stress\distributions around
openings.

(b) Stress Index Method. This uses various equations
covering a range of varidtion of applicable dimensional
ratios and configurations\(HBB-3338.2). This method cov-
ers only single, isolatéd openings. Stress indices may also
be determined by\analytical methods.

HBB-3338.2 .~ Stress Index Method. The stress indices
and rules-provided in Division 1, NB-3338 may be used to
determine’stress components due to pressure in satisfy-
ing Strain and creep-fatigue limits using elastic and sim-
plified inelastic analyses (HBB-T-1320, HBB-T-1330, and
HBB-T-1430).

HBB-3339 Alternative Rules for Nozzle Design

Subject to the limitations stipulated in Division 1,
NB-3339.1, the requirements of Division 1, NB-3339 con-
stitute an acceptable alternative to the rules of HBB-3332
through HBB-3336 and HBB-3338, provided ¢, is as de-
fined in HBB-3332(b) and HBB-3333.

HBB-3339.1 Stress Indices. The stress indices and
rules provided in Division 1, NB-3339.7 may be used to
determine stress components due to pressure in satisfy-
ing strain and creep-fatigue limits using elastic and sim-
plified inelastic analyses (HBB-T-1320, HBB-T-1330,
HBB-T-1430).

HBB-3350 DESIGN OF WELDED CONSTRUCTION
HBB-3351 Welded Joint Category

The term Category, as used herein, defines the location
of a joint in a vessel, but not the type of joint. The cate-
gories established by this paragraph are for use in speci-
fying special requirements regarding joint type and
degree of examination for certain welded pressure joints.
Since these special requirements, which are based on ser-
vice, material, and thickness, do not apply to every
welded joint, only those joints to which special require-
ments apply are included in the categories. The special re-
quirements will apply to joints of a given category only

maln vessel shall be U.1 or Iess.
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category are designated as joints of Categories A, B, C, and
D. Figure HBB-3351-1 illustrates typical joint locations in-
cluded in each category.

HBB-3351.1 Category A. Category A comprises longi-
tudinal welded joints within the main shell, communicat-
ing chambers,!” transitions in diameter, or nozzles; any
welded joint within a sphere, within a formed or flat head,
or within the side plates'® of a flat sided vessel; and cir-
cumferential welded joints connecting hemispherical
heads to main shells, to transitions in diameters, to noz-
zles, or to communicating chambers."”

HBB-3351.2 Category B. Category B comprises cir-
cumferential welded joints within the main shell, commu-
nicating chambers,'” nozzles, or transitions in diameter,
including joints between the transition and a cylinder at
either the large or small end; circumferential welded
joints connecting formed heads other than hemispherical
to main shells, to transitions in diameter, to nozzles, or to
communicating chambers.'”

HBB-3351.3 Category C. Category C comprises
welded joints connecting flanges, Van Stone laps, tube-
sheets, or flat heads to main shell, to formed heads, to
transitions in diameter, to nozzles, or to communicating
chambers'” any welded joint connecting one side
plate’® to another side plate of a flat sided vessel.

HBB-3351.4 Category D. Category D comprises
welded joints connecting communicating chambers*’ or
nozzles to main shells, to spheres, to transitions in dia:
meter, to heads or to flat sided vessels, and those joints
connecting nozzles to communicating chambers. For\rioz-
zles at the small end of a transition in diametersee’ Cat-
egory B.

HBB-3352 Permissible Types of Welded Joints

(a) The permissible types of welded joints and their di-
mensional requirements are deseribed in the rules for
fabrication of Class A components for elevated tempera-
ture service.

(b) The design of the vessel shall meet the require-
ments for each category of joint. Butt joints are full pene-
tration joints between plates or other elements that lie
approximately in the same plane. Category B angle joints
between plates or other elements that have an offset an-
gle, a, not exceeding 30 deg are considered as meeting
the requirements for butt joints. Figure HBB-3352-1
shows typical butt welds for each category joint.

(c) When Category B joints with opposing lips to ferm
an integral backing strip or joints with backing strips
not later removed are used, the suitability for eyclic op-
eration shall be analyzed using a fatigue strength reduc-
tion factor of not less than 2 under conditions where
creep effects are insignificant [HBB-3211(c)]. For condi-
tions where creep effects are.significant, see
HBB-3353(b).

(d) The corners of the end of each nozzle neck extend-
ing less than \/E beyondsthe inner surface of the part

penetrated, shall be rounded to a radius of one-half the
thickness, t,, of the nozzle neck, or 3/4 in. (19 mm), which-
ever is smaller,The d is the outside diameter of the
nozzle.

(e) Where partial penetration welds are used, a fatigue
strength‘veduction factor of not less than 4 shall be used
for any.related fatigue and analysis under conditions
wherte’ creep effects are insignificant [HBB-3211(c)]. For
conditions where creep effects are significant, see
HBB-3353(b).

(f) Oblique full penetration nozzles are permitted pro-
vided (1), (2), and (3) below are satisfied.

(1) The opening shall be completely reinforced, with

the reinforcement located in the shell or head of the
vessel.

(2) The nozzle shall be subjected to essentially no
pipe reactions and no thermal stresses greater than in
the vessel itself.

(3) The nozzle wall and the weld shall develop the
full strength of the nozzle.

Figure HBB-3351-1
Welded Joint Locations Typical of Categories A, B, C, and D

See HBB-3351.2
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Figure HBB-3352-1
Typical Butt Joints

Category A Butt Joint

X {

-
Category B Butt Joint

Category C Butt Joint

NOTE:

Category B Angle Joint [Note (1)]

Category D Butt Joint

(1) When a does not exceed 30 deg, joint meets requirements for butt jointst

(g) Non-full penetration welds, which are permitted by
HBB-3354 and HBB-3356 at attachment welds, shall have
a surface geometry free from weld irregularities,and
abrupt changes in contour. When the designer deterimines
that contour control is required in order that the criteria
of this Subsection be satisfied, the necessary)dimensions
and tolerances shall be indicated on the*fabrication
drawings.

(h) Full penetration corner welds _[as shown in Division
1, Figures NB-4243-1 and NB-4244(b)-1, and defined as
Category C and D vessel welds;or, as similar welds for
piping, pumps, and valves] shall be limited to nominal dia-
meters of 4 in. (100 mmJj.,or less.

HBB-3353 Design of Welded Construction at
Elevated Temperatures

(a) Because of the potential for limited ductility of weld
metal at elevated temperatures and the potential for high
strain.concentrations (both metallurgical and geometric)
in the heat-affected zones of weldments, the analysis re-
quirements of this paragraph shall be satisfied for the de-
sign and location of all pressure-retaining and other
primary structural welds subjected to metal tempera-
tures where creep effects are significant (HBB-3211).
The potential for reduced ductility often precludes locat-
ing welds in regions of high loading.

(b) For meeting the analysis requirements of
HBB-3251 at elevated temperature weld regions, the as-

concentrations expected in the actual weld placed in ser-
vice. This geometry may be prescribed on a drawing or
may be recorded by prior observation. Prior observations
of weld surface geometry can be visual; remote visual
(e.g., using a borescope device or making a surface repli-
ca); or ultrasonic, based on a weld mockup test in which
the same weld procedures are used on the same nominal
pipe diameter and wall thickness, or based on a radio-
graphic technique that is suitable for inspection of inter-
nal surfaces.

HBB-3354 Structural Attachment Welds

(a) Welds for structural attachments shall meet the re-
quirements of Division 1, NB-4430, NB-4240, and the
rules of HBB-3352(g).

(b) Those attachments using the exemption of
HBB-2121(h) shall also comply with the design rules
listed below.

(1) The attachment weld shall be located on a rib out-
side the limits of reinforcement as defined by Division 1,
NB-3334 (see example in Figure HBB-3354-1). The rib
may be fabricated by forging, machining, or weld metal
buildup.

(2) The attachment weld shall comply with the rules
for Class A pressure boundary welds.

(3) Loads on the pressure boundary from all perma-
nent attachments shall be considered in the analysis in

sumed weld surtace should model the most severe strain
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Figure HBB-3354-1
Permissible Attachment Weld Location
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HBB-3355 Welding Grooves

The dimensions and shape of the edges to be joined
shall be such as to permit complete fusion and complete
joint penetration.

HBB-3356 Fillet Welds

HBB-3356.1 At Pressure Loaded Joints. Fillet-welds
are not permitted for pressure-retaining joints’[see
HBB-3337.3 and HBB-3352(g)].

HBB-3356.2 At Structural Attachment Joints.

(a) Fillet welds conforming to Division 1, Figure
NB-4427-1 may be used for struetural attachments to
components, except as restricted\and limited by the rules
of Division 1, NB-4433.

(b) Analysis limits for\stress limits, strain limits, and
damage limits shall be.ene-half of the allowable values
under HBB-3200 rules'for the weaker of the two base ma-
terials being joihed:

(c) Evaluation for fatigue shall use a fatigue strength re-
duction factor of four, and shall include consideration of
tempetature differences between the component and
the-attachment and of expansion (or contraction) of the
component as a result of internal (or external) pressure.

HBB-3357 Thermal Treatment

All pressure vessels and pressure vessel parts shall be
given the appropriate postweld heat treatment pre-

HBB-3360
HBB-3361

SPECIAL VESSEL REQUIREMENTS

Category A or B Joints Between
Sections of Unequal Thickness

In general, a tapered transition section as shown in
Figure HBB-3361-1, which is a type of gross structural
discontinuity (HBB-3213.2), shall be provided at joints
of Categories A and B between sections that differ in
thickness by more than one-fourth the thickness of the
thinner section. The transition section may be formed
by any process that will provide a uniform taper. An(ellip-
soidal or hemispherical head that has a greatenthickness
than a cylinder of the same inside diameteranay be ma-
chined to the outside diameter of the cylinder provided
the remaining thickness is at least ag great as that re-
quired for a shell of the same diamreter. The adequacy
of the transition shall be evaluatéd by stress analysis.
See HBB-3200 for stress intensity limitations and other
rules. The requirements of this paragraph do not apply
to flange hubs.

HBB-3362 Bolted Flange Connections

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

HBB-3363 Access Openings

AccCess openings, where provided, shall preferably con-
Sist of handhole or manhole openings having removable
covers. These covers may be located on either the inside
or outside of the shell or head openings and may be at-
tached by studs or bolts in combination with gaskets
and/or welded membrane seals or strength welds. Plugs
using pipe threads are not permitted.

Figure HBB-3361-1
Category A and B Joints Between Sections of
Unequal Thickness
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HBB-3364 Supports

All vessels shall be so supported and the supporting
members shall be arranged and attached to the vessel
wall in such a way as to provide for the maximum im-
posed loadings. The stresses produced in the vessel by
such loadings and by steady state and transient thermal
conditions shall be subjected to the stress limits of Sub-
section HB, Subpart B (NCA-3211.18 and Division 1, Sub-
section NF).

HBB-3400 DESIGN OF CLASS A PUMPS

HBB-3410 GENERAL REQUIREMENTS

HBB-3410.1 Scope. The rules of this subarticle con-
stitute requirements for the design of Class A pumps.
(a) The scope of these rules covers the strength and
pressure integrity of the structural parts of pumps whose
failure would violate the pressure boundary.
(b) Such parts include
(1) pump casing
(2) pump inlets and outlets
(3) pump cover
(4) clamping ring
(5) seal housings
(6) related bolting
(7) pump internal heat exchanger piping
(8) pump auxiliary nozzle connections up to the face
of the first flange or circumferential joint, except as noted
below
(9) piping identified with the pump and_ external to
or forming a part of the pressure-retaining*boundary
and supplied with the pump
(10) mounting feet or pedestal supports when inte-
grally attached to the pump pressuré<retaining boundary
and supplied with the pump
(c) The requirements of this-subarticle do not apply to
the pump shaft, nonstructural-internals, or the seal pack-
age. Compliance with therequirements of this subarticle
does not guarantee proper functioning of the component.

HBB-3410.2 - Definitions.

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

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

(c) Seal housing is defined as that portion of the pump
cover or casing that forms the primary pressure
boundary.

(d) The figures accompanying the pump types are in-
tended to be typical examples to aid in the determination
of a pump type and are not to be considered as limiting.
Bearing locations and inlet and outlet orientations are

(e) The seal gland plate is to be considered a part of the
seal housing and therefore is subject to Code require-
ments. The seal chamber pressure shall be specified in
the Design Specification.

(f) Figures HBB-3410.2-1 and HBB-3410.2-2 show ty-
pical single and double volute casings, respectively.

HBB-3411 Acceptability of Large Pumps

(a) The requirements for the design of a Class A’pump
having an inlet connection greater than NRS(4(DN 100)
are stated in HBB-3111.1.

(b) In cases of conflict between thig_stibarticle and the
rules of HBB-3100 and HBB-3200; the requirements of
HBB-3400 shall govern.

HBB-3412 Acceptability of Small Pumps

(a) The requirements for the design of a Class A pump
having an inlet conn€ction NPS 4 (DN 100) or smaller are
stated in HBB-8411:1.

(b) In casés of conflict between this subarticle and the
rules of HBB-3100 and HBB-3200, the requirements of
HBB-3400 shall govern.

HBB-3413 Alternative Design Rules

For any size Class A pump, an experimental stress anal-
ysis may be used to determine elastic stresses and strains
used with HBB-3200 limits and/or Nonmandatory
Appendix HBB-T limits provided (a) and (b) below are
satisfied.

(a) The experimental stress analysis is in accordance
with the procedures of Section III Appendices, Mandatory
Appendix II.

(b) The HBB-3421 design requirements are met.

Figure HBB-3410.2-1
Typical Single Volute Casing
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Figure HBB-3410.2-2
Typical Double Volute Casing

HBB-3420 DESIGN CONSIDERATIONS
HBB-3421 Design Requirements

HBB-3421.1 Loadings. Loadings, design and service
conditions, special considerations, and general design
rules are described in HBB-3100.

HBB-3421.2 Piping Under External Pressure. Piping
located within the pressure-retaining boundary of the
pump shall be designed in accordance with HBB-3250.

HBB-3421.3 Piping Under Internal Pressure. Piping
identified with the pump and external to or forming apart
of the pressure-retaining boundary, such as auxiliary
water connections, shall be designed in accordance with
HBB-3600.

HBB-3421.4 Piping Connections Using Partial Pen-
etration Welds. Partial penetration welds are permitted
for piping connections NPS 2 (DN>50) and smaller when
used in accordance with the rules of HBB-3337.3 and
HBB-3352.

HBB-3421.5 Bolting'— Radially Split Configura-
tions. Bolting in aXisymmetric arrangements involving
the pressure boundary shall be designed in accordance
with the procédure described in HBB-3230.

HBB-3421.7 Supports. Pump supports shall be de-
signed\in/accordance with the requirements of Division
1, Subsection NF if negligible creep effects are present
during the cycle. Otherwise, the supports shall comply
with HBB-3200.

HBB-3421.8 Axially Oriented Inlets and Outlets.

(a) An axially oriented pump casing inlet or outlet shall
be considered an opening in a vessel and will require re-
inforcement. It shall be treated as required in HBB-3331

(b) To avoid stress concentrations, the outside radius
r,, Division 1, Figure NB-3441.3-2, shall not be less than
one-half the thickness of the inlets and outlets as
reinforced.

HBB-3421.9 Radially Oriented Inlets and Outlets.
Reinforcement of radially oriented inlets and outlets is re-
quired. HBB-3330 and HBB-3421.11 shall apply.

HBB-3421.10 Tangential Inlets and Outlets. Rein-
forcement of tangential inlets and outlets is required.
HBB-3330 and HBB-3421.11 shall apply.

HBB-3421.11 Stress Analysis, Nozzle Loads;-and Re-
inforcement.

(a) Stress Analysis. The analysis methods™in Division 1,
NB-3400 shall apply only to elastic analysis. In particular,
stress equations may be used in.satisfying the limits on
load-controlled stresses, and they‘may be applied to anal-
ysis under HBB-3250 when créep effects are insignificant
[HBB-3211(c)].

(b) Nozzle Loads. The\foices and moments produced by
the connected piping.on-the pump inlet and outlet shall be
furnished to the pump supplier by the user in accordance
with NCA-3211.19(c).

(c) Reinforcement. The distance ¢ in Figure
HBB-3422.11-1 is the limit of reinforcement. The value
of ¢ shall be determined from the relationship:

¢ = 0.5 Jnpty
where
r; = inlet or outlet inside radius

=d;/2
rm = r; +0.5¢t,
mean inlet or outlet wall thickness taken between
section x-x and a parallel section y-y tangent to
crotch radius

HBB-3421.12 Earthquake Design Analysis. When
earthquake loadings are specified in the Design Specifica-
tion (NCA-3211.19), the designer shall assess the ability
of the pump to withstand such loadings while maintaining
the integrity of the pressure-retaining materials. For ex-
ample, the assessment should include inertia effects from
moving parts and piping reactions.

HBB-3421.13 Attachments. Attachments are per-
mitted when designed in accordance with HBB-3135
and Division 1, NB-4430.

HBB-3421.14 Appurtenances. Appurtenances as de-
fined in NCA-1260 are permitted provided the require-
ments for documentation are fulfilled as described in
NCA-1260.

HBB-3421.15 Pump Covers. Pump covers shall be
designed in accordance with HBB-3200.

HBB-3421.17 Cladding. The design of clad pressure-

through ABbB-5550.
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Figure HBB-3421.11-1
Minimum Tangential Inlet and Outlet Wall
Thickness

Section tangent Y X

; ¢
to crotch radius L...I

Limit of
reinforcement

HBB-3421.19 Cutwater Tip Stresses. It is recognized
that localized high stresses can occur at the cutwater tip
of volute casings (Division 1, Figure NB-3441.3-2). Ade-
quacy of the design in this area shall be demonstrated
as follows:

(a) an evaluation of load-controlled stresses showing
that sufficient area is available in the volute £asing to
meet the stress limit of HBB-3220; and

(b) an evaluation of the localized stress.atthe cutwater
tip by:

(1) an investigation through experimental analysis in
accordance with Section III Appendices, Mandatory
Appendix II; or by

(2) a detailed stress analysis; or by

(3) a combination of the“above.

(c) Where experimental and/or detailed stress analysis
is used, stress and strain intensity at this point shall meet
the requirements\0of-HBB-3250.

HBB-3430.. PUMP TYPES

Desigh nequirements for specific pump types are listed
in Division 1, NB-3430.

HBB-3500 DESIGN OF CLASS A VALVES
HBB-3510 DESIGN REQUIREMENTS
HBB-3511 Acceptability

(a) The requirements for acceptability of a Class A
valve design are stated in HBB-3111.1.
(b) Compliance with the requirements of this subarticle

(c) In cases of conflict between this subarticle and the
rules of HBB-3100 and HBB-3200, the requirements of
HBB-3500 shall govern.

HBB-3512 Stress Analysis

The analysis methods in Division 1, NB-3500 shall ap-
ply only to elastic analysis. In particular, the stress indices
and stress equations may be used in satisfying the limits
on load-controlled stresses, or they may be applied to
analyses under HBB-3250 when creep effects are insignif-
icant [HBB-3211(c)].

HBB-3520
HBB-3524 Earthquake Designm Analysis

(a) When earthquake loadingsare specified in the De-
sign Specifications (NCA-3241,19), the designer shall as-
sess the ability of the valyve to withstand such loadings
while maintaining the integrity of the pressure boundary
materials. For examplg¢)the assessment should include in-
ertia effects from'\nioving parts and piping reactions.

(b) Where valves are provided with operators having
extended structures and the Design Specifications state
that these structures are essential to maintaining pres-
sure integrity, an analysis may be based on static forces
resulting from equivalent earthquake accelerations acting
at the centers of gravity of the extended masses.

HBB-3526 Level C Service Limits

(a) If valve function is not required during any Level C
Service Loadings included in the Design Specifications,
the rules used in evaluating these conditions shall be
those of HBB-3510.

(b) If valve function must be assured during Level C
Service Loadings, this requirement shall be included in
the Design Specifications and the specified emergency
conditions for the plant shall be considered as the Level
A Service Loadings for the valve.

HBB-3540
HBB-3544 Body Shape Rules

The rules of Division 1, NB-3544 provide a convenient
guide for design of valve bodies for elevated temperature
service. However, specific rules may be bypassed when
justified by analysis.

HBB-3546 Other Valve Parts

(a) For valve stems, stem retaining structures, and
other significantly stressed valve parts whose failure
can lead to gross violation of the pressure-retaining
boundary, the primary stresses shall not exceed the stress
intensity limit, S,. For materials not covered in Tables
HBB-1-14.1(a), HBB-I-14.1(b), and HBB-1-14.2 but al-
lowed under the rules of Division 1, NB-2121(c), the S,
values are those given in Section II, Part D, Subpart 1,

does not guarantee proper runctioning or the component.
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(b) Valve designs requiring solenoid plunger type or
electromagnetic indicator type core tubes may substitute
HBB-3600 rules to govern the requirements for the
extension.

HBB-3550 CYCLIC LOADING REQUIREMENTS

When cyclic conditions exist, the rules for analysis are
covered by HBB-3250 and HBB-3512.

HBB-3600 PIPING DESIGN

HBB-3610 GENERAL REQUIREMENTS
HBB-3611 Acceptability

(a) The requirements for acceptability of a Class A pip-
ing system design are stated in HBB-3111.1.

(b) In cases of conflict between this subarticle and the
rules of HBB-3100 and HBB-3200, the requirements of
HBB-3600 shall govern.

(c) The designer is cautioned to note that dimensional
standards for pipe fittings control the minimum wall
thickness, but do not establish maximum wall or contour.
These additional dimensional controls may have to be im-
posed by the designer when significant thermal transients
must be considered.

HBB-3612 Pressure-Temperature Ratings for
Piping Components

(a) Where piping systems operating at different pres-
sures are connected by a valve, the valve shall be designed,
for the higher pressure system requirements of pressufe
and temperature. The lower pressure system may,/be de-
signed to the higher pressure system requiremenits\f the
lower pressure system is not designed to the higher pres-
sure system requirements, pressure relief)devices or
safety valves shall be provided to protect’the lower pres-
sure system. The pressure relief devices or safety valves
shall adjoin or be as close as possible‘to the interconnect-
ing valve. All valves, devices, andpiping related to pres-
sure relief functions shall meet requirements for
overpressure protection of systems operating at elevated
temperatures.

(b) Where pressufre reducing valves are used and one
or more pressure relief devices or safety valves are pro-
vided, bypass«alves may be provided around the pres-
sure reducihg)valves. The combined relieving capacity
requirements and operational requirements shall be giv-
en by.the' rules on overpressure protection.

{e)-Drip lines from steam headers, mains, separators, or
other equipment operating at different pressures shall
not discharge through the same trap. Where several traps
discharge into a single header that is or may be under
pressure, a stop valve and a check valve shall be provided
in the discharge line from each trap. The design pressure
of trap discharge piping shall not be less than the maxi-
mum discharge pressure to which it may be subjected.

pressure as the trap inlet piping unless the discharge pip-
ing is vented to a system operated under lower pressure
and has no intervening stop valves.

(d) Pump discharge piping shall be designed to with-
stand the maximum pressure exerted by the pump at
any load, including that with a closed discharge valve,
and for the highest coincident metal temperature.

(e) Where a fluid passes through heat exchangers in
series, the design temperature of the piping in each secs
tion of the system shall conform to the most severe tem-
perature condition expected to be produced by heat
exchangers in that section of the system.

HBB-3620 DESIGN CONSIDERATIONS
HBB-3622 Dynamic Effects

HBB-3622.1 Impact. Impact£otces caused by either
external or internal conditions shall be considered in
the piping design.

HBB-3622.2 Earthquake. The effects of earthquake
shall be considered in\the design of piping and supports.
The loadings, movéments (earthquake anchor move-
ments), and nuniber of cycles to be used in the analysis
shall be part of the Design Specifications
(NCA-3211:19). The stresses resulting from these earth-
quakeceffects must be included with weight, pressure,
or gther applied loads when making the required
analysis.

HBB-3622.3 Vibration. Piping shall be arranged and
supported so that vibration will be minimized. The de-
signer shall be responsible, by design and by observation
under startup or initial operating conditions, for ensuring
that vibration of piping systems is within acceptable
levels.

HBB-3623 Weight Effects

Piping systems shall be supported to provide for the
dynamic effects of any contained fluid and for the fixed
weights of piping, insulation, and other imposed mechan-
ical loads in the piping.

HBB-3624 Loadings, Displacements, and
Restraints

The design of piping systems shall take into account the
forces and moments resulting from thermal expansion
and contraction, equipment displacements and rotations,
and the restraining effects of hangers, supports, and other
localized loadings.

HBB-3626 Special Drainage Problems

(a) For piping systems that must be drained, considera-
tion shall be given to creep induced sag that may develop
between pipe supports in elevated temperature systems.

(b) For piping systems that drain at intermediate or
elevated temperatures, consideration shall be given to

Irap discharge piping shall be designed Ior the same
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HBB-3627 Considerations for Liquid Metal
Piping
HBB-3627.1 Location. Routing of liquid metal piping
in the vicinity of steam and water piping shall be avoided.

HBB-3627.2 Heat Tracing. Liquid metal piping shall
be provided with heat tracing that shall be capable at least
of maintaining the liquid metal in a molten condition. The
use of steam or water for heat tracing shall not be per-
mitted. Control of heat tracing shall provide for melting
solidified liquid metal progressively from a free surface
so that overpressure protection for the expansion of melt-
ing will not be required. Control shall also be adequate to
assure that design rate of temperature change and tem-
perature limits will not be exceeded.

HBB-3627.3 Filling and Draining.

(a) Liquid metal fill and drain shall be accommodated
by means of an inert cover-gas purge and vent system. Vo-
lumetric expansion of liquid metal shall be provided for
by a free liquid surface and a vented cover-gas space.

(b) All liquid metal piping shall be sloped to permit
complete drainage by gravity into drain reservoirs. The
use of small auxiliary drain lines shall be avoided.

HBB-3640 PRESSURE DESIGN OF COMPONENTS
HBB-3641

HBB-3641.1 Straight Pipe. The minimum wall thick-
ness of pipe shall not be less than t,,, where t,, is deter-
mined from the requirements for Design Loadings
analysis in HBB-3222.1.

HBB-3642 Curved Segments of Pipe

HBB-3642.1 Pipe Bends. The design of pipe bends
shall provide that the completed bend will satisfy the
analysis requirements of HBB-3200, In addition to the ba-
sic dimensions of the bend (i.e.,pipe diameter, wall thick-
ness, and bend radius), the designer shall consider the
secondary deformations and irregularities inherent to
the bending process and'shall define tolerances as needed
to ensure conformanee of the finished piping with the
rules for analysisshirparticular, the considerations of (a)
through (e) below shall be taken into account.

(a) Wall thickness after bending shall not be less than
the minimum wall thickness required for straight pipe.

(b)Wall Thinning and Thickening. Experience has
shown that with good shop practices the relationship of
the finished bend thickness to that of the straight pipe
from which it is bent will be in accordance with Table
HBB-3642.1-1.

(c) Ovality

(d) Wrinkling (defined as the difference between the
average outside diameter of any two adjacent wrinkles
and the outside diameter of the enclosed valley) shall nor-
mally be held to 3%.

Table HBB-3642.1-1
Bend Radius Versus Thickness

Minimum Thickness
Recommended Prior to

Radius of Bends Bending [Note (1)]

6 pipe diameters or greater 1.06t,,
5 pipe diameters 1.08t,,
4 pipe diameters 1.16t,,
3 pipe diameters 1.25¢,,

NOTE:
(1) t,, is the required minimum thickness of thé<imished bend.

HBB-3643 Intersections

The rules of HBB-3643 maybe satisfied by demonstrat-
ing, by analysis or experiment or both, that the compo-
nent fully complies with\the requirements of HBB-3200.

HBB-3643.1 Geneéral Requirements.

(a) Openings_shall be circular, elliptical, or of any other
shape that results from the intersection of a circular or el-
liptical cylinder with a cylindrical shape.

(b)All references to dimensions in this and succeeding
paragraphs apply to the finished dimensions, excluding
material added for corrosion allowance.

(c) Any type of opening permitted in these rules may be
located in a welded joint.

(d) The requirements of Division 1, NB-3643.3 shall be
met for the branch connections listed in HBB-3643.2(b),
HBB-3643.2(c), and HBB-3643.2(d), except that S, and
HBB-3641.1 should be used instead of callouts (Division
1, NB-3643.3) to S,, and Division 1, NB-3641.1,
respectively.

HBB-3643.2 Branch Connections. Branch connec-
tions in piping may be made by using one of the products
or methods set forth in (a), (b), and (c) below.

(a) flanged, butt weld, or socket weld in accordance
with the applicable standards listed in Table NCA-
7100-1, subject to the limitations or requirements stated
elsewhere in this Subsection [for example, see
HBB-3660(b)];

(b) contour outlet fittings having integral reinforce-
ment and attached by butt welding, or flanged ends for at-
tachment to the branch pipe. These are limited to types
that have integral reinforcement and are attached to the
main run by welding, as illustrated in figures contained
in the rules of Article HBB-4000;

(c) an extruded outlet at right angles to the run pipe;

(d) For conditions where creep effects are insignificant
[HBB-3211(c)], intersecting pipes may be joined by weld-
ing the branch pipe to the run pipe as shown in Division 1,
Figure NB-3643.3(a)-2. For such intersections, the inter-
section angle shall be not less than 60 nor greater than

(eJ dSurlace irregularities
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HBB-3644 Miters

Mitered joints may be used for elevated temperature
service subject to meeting analysis requirements of
HBB-3200 and also complying with the requirements
for fabrication. Maximum angles shall be 22, deg or less.

HBB-3645 Attachments
The rules of HBB-3135 apply.

HBB-3646 Closures

(a) Closures in piping systems may be made by use of
closure fittings, such as blind flanges or welded plugs or
caps.

(b) The use of such closures in elevated temperature
service shall be subject to meeting the analysis require-
ments of HBB-3200.

(c) For closures not subjected to elevated tempera-
tures, the rules of Division 1, NB-3646 shall apply.

HBB-3647 Flanged Joints

(a) The use of flanged joints should be minimized.

(b) Any flanged joint shall be located where regular
maintenance can be performed.

(c) Flanged joints exposed to elevated temperature ser-
vice shall comply with the analysis requirements of
HBB-3200.

(d) Flanged joints not exposed to elevated tempera-
tures shall meet the requirements of Division 1, NB-3647.

HBB-3648 Reducers

Reduced fittings shall be considered suitable £0% use
subject to complying with the analysis requiréments of
HBB-3200.

HBB-3649 Pressure Design of Other
Pressure-Retaining Components

Other pressure-retaining components manufactured in
accordance with the standards listed in Table NCA-
7100-1 shall be considered.suitable for use provided
the design is consistent with the design philosophy embo-
died in Subsection HB)Subpart B. Pressure-retaining com-
ponents not included.in Table NCA-7100-1 may be used if
they satisfy the tequirements of HBB-3200. The pressure
design shall/be*based on an analysis consistent with the
general désigh philosophy embodied in Subsection HB,
Subpagt'B,-or experimental stress analysis in accordance
with(HBB-3649.1.

HBB-3649.1 Experimental Analysis.

(a) An experimental analysis, if used, shall adhere to
the methods and principles in Section III Appendices,
Mandatory Appendix Il with changes appropriate for ele-
vated temperature conditions.

(b) As part of the experimental analysis, an ASME
B16.9-type burst test shall be performed on the compo-

of the weakest pipe to be attached to the component,
where the pipe burst pressure is calculated by the
equation:

P = 2St/D,
where
D, = outside diameter of pipe
S = specified minimum tensile strength of pipe
material
t = minimum specified wall thickness of pipe

HBB-3650 ANALYSIS OF PIPING COMPONENTS
HBB-3651 General Requirements

Until special rules for piping components are devel-
oped for elevated temperature service, the analysis re-
quirements are given by (a), (b), and (c).

(a) The structural analysis\shall demonstrate (by anal-
ysis or experiment or both] that the component fully com-
plies with the requireménts of HBB-3200.

(b) The primary and secondary stress indices (B and C)
and correspondihg stress equations of Division 1,
NB-3600 may bé used to determine stress intensities in
satisfyipg~the limits on load-controlled stresses
(HBB+3220) and strain limits using elastic analysis
(HBB-T-1320). Stress components determined from the
stress indices given in Division 1, NB-3684, NB-3685,
and, by reference, NB-3338 may be used in satisfying
strain and creep-fatigue limits using elastic and simpli-
fied inelastic analyses (HBB-T-1320, HBB-T-1330,
HBB-T-1430).

(c) Analytical methods such as finite element computer
analyses may be used to provide detailed stress
distributions.

HBB-3660 DESIGN OF WELDS

(a) Weld designs shall comply with the requirements of
HBB-3350 and HBB-3337.

(b) Socket welds and seal welded threads are generally
not permitted for joints exposed to elevated temperature
service. Exceptions shall be allowed only if the analysis
requirements of this Subsection are satisfied at each junc-
tion and only if each application is specifically described
as part of the Design Specifications (NCA-3211.19). In al-
most all systems containing nuclear coolant, such crevices
and cracks are undesirable due to potential for trapped
radioactive particles, problems with cleaning fluids, and
impurities in the coolant. Joints allowed under the rules
of this paragraph shall be limited to nominal diameters
of 1 in. (25 mm) and smaller.

(c) Full penetration corner welds may be used (in addi-
tion to butt welds) for attaching branch connections and
closures to piping in accordance with HBB-3643.2 and

nent. I'ne pursting pressure shall equal or exceed that
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HBB-3670 SPECIAL PIPING REQUIREMENTS (b) In this Subsection, the effects of stresses, caused by

HBB-3671 Nonwelded Piping Joints

HBB-3671.1 Excluded Designs.

(a) Flared, flareless, and compression-type tubing fit-
tings shall not be used.

(b) Expanded joints shall not be used.

(c) Caulked or leaded joints shall not be used.

(d) Soldered joints shall not be used.

HBB-3671.6 Brazed Joints. The rules of Division 1,
NB-3671.6 apply. Any cooling liquid (or gas), including
liquid sodium, is acceptable in the proximity of such joints
provided the selected brazing material is compatible with
the liquid.

HBB-3671.7 Patented Joints. Mechanical joints, for
which no standards exist, and other patented joints may
be used, provided that

(a) provision is made to prevent separation of the
joints under all conditions of service.

(b) they are accessible for maintenance, removal, and
replacement after operation.

(c) a prototype joint has been subjected either to per-
formance tests to determine the safety of the joint under
simulated service conditions (including the service fluid),
or the joint meets all analysis requirements of HBB-3200.
When vibration, fatigue, cyclic conditions, low tempera-
ture, thermal expansion, or hydraulic shock is anticipated,
the applicable conditions shall be incorporated in the
tests or analyses. The mechanical joints shall be suffi-
ciently leak tight to satisfy the requirements of the Design
Specifications (NCA-3211.19).

HBB-3672 Expansion and Flexibility.

(a) In addition to meeting the design regquirements for
pressure, weight, and other loadings, piping systems shall
be designed to absorb or resist thermyal expansion or con-
traction or similar movements impeésed by other sources,
and shall meet the criteria as,specified in HBB-3200. Pip-
ing systems shall be designed to have sufficient flexibility
to prevent the movements from causing

(1) failure of piping or anchors from overstress or
overstrain

(2) leakage at joints

(3) detrimental distortion of connected equipment
resulting-from excessive thrusts and moments

pressure, thermal expansion and other loads, and their
stress intensification factors, are considered
cumulatively.

(c) When calculating the flexibility of a piping system
between anchor points, the system between the anchor
points shall be treated as a whole. The significance of all
parts of the line and of all restraints, such as suppotts
or guides, including intermediate restraints introduced
for the purpose of reducing moments and forces on-equip-
ment or small branch lines, shall be considered.

(d) Comprehensive calculations shall takeinto account
the flexibility factors found to exist incothponents other
than straight pipe. Credit may be takemr'where extra flex-
ibility exists in such components.

(e) Calculations shall considef line expansion as well as
linear and angular movements’of the equipment and sup-
ports attached to the pipihg.

(f) Where assumptions are used in calculations or
model tests, the likélihood of attendant underestimates
of forces, montents, and stresses, including the effects of
stress intensification, shall be evaluated.

(g) Cold springing may provide a beneficial effect in as-
sisting-a\system to attain its most favorable position soon-
erzand with the least initial inelastic straining. The effect
of cold springing shall be analyzed as any other move-
ment in the system is analyzed. The maximum stress al-
lowed due to cold springing is 2.0S,, at the cold spring
temperature. Since the usual erection procedures may
not permit accurate determination of cold spring in a pip-
ing system, the allowable reduction of forces and mo-
ments at anchors or equipment caused by cold
springing shall be limited to no more than two-thirds of
the calculated reduction. At elevated temperatures, creep
and creep relaxation shall be considered in the analysis of
the cold sprung piping and in establishing the steady state
configuration of the piping system.

HBB-3674 Design of Piping Supports

Pipe supports shall be designed in accordance with ap-
plicable rules of Division 1, Subsection NF, except for the
stress analysis, which shall be in accordance with the
rules of HBB-3200.
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ARTICLE HBB-4000
FABRICATION AND INSTALLATION

HBB-4100 GENERAL REQUIREMENTS
HBB-4110 INTRODUCTION

(a) Those portions of the component which do not ex-
perience elevated temperature service (as defined by
the rules of Article HBB-3000) may use the Division 1,
Article NB-4000 rules as applicable.

(b) Those portions of the component that do not meet
the conditions in (a) above shall comply with the provi-
sions of this Subsection in addition to the rules of Division
1, Article NB-4000.

(c) Those portions of the component on which options
(a) or (b) above apply shall be identified during all phases
of manufacture and installation.

HBB-4200

HBB-4210

HBB-4212 Effects of Forming and Bending
Processes

The rules of this paragraph shall supplement thoSe of
Division 1, NB-4212 and NB-4213. Any process.may be
used to form or bend pressure-retaining matetials, in-
cluding weld metal, provided that the requitéments of
the subparagraphs below are met:

(a) Post fabrication heat treatment [ifi"accordance with
(b) below] of materials that have been formed during fab-
rication, shall be required unless grie of the following con-
ditions are met:

(1) Maximum fabrication’induced local strains'® do
not exceed 5%,2° regardless of the service temperature.

(2) Written technical justification shall be provided
in the Design Reportfor not performing heat treatment,
subsequent tostraining, or for the use of an alternate heat
treatment procéedure, to that specified in (b) below, for
fabrication_ihduced strains greater than 5%.

The justification should provide assurance that the
resultant material property capabilities are adequate for
theévintended service (fatigue, creep rupture, impact
toughness, etc.) and shall include consideration of prop-
erty variability through the material section. This option
is not permitted for certain materials if the components
are subjected during Level A, B, and C service, or for de-
sign conditions when only design conditions are specified,
to short-time high temperature excursions that result in

maximum permissible values shown in Figupe
HBB-4212-1. This option is also not permitted for-any
austenitic material that is subjected to greater than
20% strain.'”

(3) The roll threaded portion of bolting material is
exempt from the heat treatment requirement.
(b) When required, the post fabrication heat treatment
shall be in accordance with the fellowing:

(1) For ferritic materialsyithe post fabrication heat
treatment shall consist of-heating to temperatures listed
in Division 1, Table NB-4622.1-1 for the appropriate alloy
P-Number. Holdingtinmes shall also be in accordance with
this Table based.on the material thickness at the point of
maximum strainiThis heat treatment shall be included in
material certification per Division 1, NB-2211, the form-
ing qualifications as required by Division 1, NB-4213,
and applicable weld procedure qualifications.

Alternatively, the base material and welds may be re-
heat treated and recertified in accordance with the appli-
cable material specification and requirements in Division
1, NB-2400. Reheat treatment may entail appropriate
cooling from hot working temperatures above the upper
critical temperature of the respective material provided
required material property levels are recertified.

(2) For austenitic materials, the post fabrication heat
treatment shall consist of the heat treatment specified in
the base material specification except that Ni-Fe-Cr Alloy
800H shall be heat treated at 2,050°F (1 120°C)
minimum.

Following reheat treatment, the final grain size of Al-
loy 800H shall be verified as being not finer than ASTM 5.
If reheat treatment is employed, the designer shall be
alerted to the possibility for material yield strength re-
ductions, and the effect on buckling analysis must be ac-
commodated as dictated by design rules.

HBB-4240 SPECIAL JOINTS AND FITTINGS —
ADDED RULES FOR DIVISION 1,
NB-4240

The rules of Article HBB-3000 generally discourage the
use of socket weld fittings and seal welded threads. If
used, the designer shall evaluate whether assembly of
socket welds should allow for an axial gap after welding
that will allow free thermal growth of the male coupling
within the socket without bottoming out during the in-

accumulated temperature exposures exceeding the

90

tended service. IT a gap Is deemed necessary, 1U shall be


https://asmenormdoc.com/api2/?name=ASME BPVC.III.5 (ASME BPVC Section 3 Division 5) 2023.pdf

ASME BPVC.IIL.5-2023

Figure HBB-4212-1
Permissible Time/Temperature Conditions for Material Which Has Been Cold Worked >5% and <20% and
Subjected to Short-Time High Temperature Transients
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GENERAL NOTE: The sum of time at every temperature.shall determine a point within the design region of the figure for the specific material.
For multiple temperature/time combinations, the limear/summation of life fraction shall not exceed 1.0, the material limit.

verified either by radiographic examination or by follow- HBB-4400
ing special written procedures (see‘the rules of Article
8P P ( HBB-4420

HBB-3000).
HBB-4424 Surfaces of Welds

As-welded surfaces are permitted provided that the
surface geometry is considered in the stress analysis in
accordance with the rules for design of Class A elevated
temperature components.
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ARTICLE HBB-5000
EXAMINATION

HBB-5100 GENERAL REQUIREMENTS FOR
EXAMINATION

HBB-5110 GENERAL REQUIREMENTS

(a) Those portions of the component designated (in ac-
cordance with the rules of Article HBB-3000) as not to ex-
perience elevated temperature service may use the
Division 1, Article NB-5000 rules unchanged by rules in
later paragraphs of this Article.

(b) Those portions of the component that do not meet
the conditions in (a) above shall comply with the provi-
sions of this Article in addition to the rules of Division
1, Article NB-5000.

(c) Those portions of the component which use option
(a) above shall be identified during all steps of
examination.

HBB-5130 EXAMINATION OF WELD EDGE
PREPARATION SURFACES

The rules of this paragraph shall be substituted for thé
first sentence of Division 1, NB-5130.

All weld edge preparation surfaces for vessel weld\jeint
Categories A, B, C, and D and similar pressure boundary
welds in other components shall be examinéd\by either
the magnetic particle or liquid penetrant méthod. This re-
quirement shall not apply to welds where the nominal
thickness is 1 in. (25 mm) or less.

HBB-5200 REQUIRED -EXAMINATION OF
WELDS

HBB-5210 CATEGORY A VESSEL WELDED JOINTS
AND LONGITUDINAL WELDED JOINTS
INNOTHER COMPONENTS

The rulesyof this paragraph shall be substituted for
those of Pivision 1, NB-5210.

All longitudinal butt welds of Category A, as defined in
Division 1, NB-3351.1, and all similar pressure boundary
welds in other Class A components shall be examined in
accordance with the requirements of (a) and (b) below.

(a) External weld surfaces, accessible internal weld
surfaces, and adjacent base material for at least 1/2 in.
(13 mm) outside the edges of the completed weld shall
be examined by either the magnetic particle or liquid pen-

(b) All weld metal and adjacent base material for at
least ', in. (13 mm) outside the edges of each weld shall
be volumetrically examined by an appropriatemethod
from the three listed below:

(1) radiography plus ultrasonic examihation, where
the radiography may be performed prior to any inter-
mediate or required postweld heatjtreatment, provided
the ultrasonic examination is pérformed after the final
postweld heat treatment;

(2) radiography plus eddy current examination, pro-
vided the portion of the wéld being examined is less than
Y, in. (6 mm) thick;

(3) radiography at two different angles — one angle
within 15 deg of perpendicular to the surface, the other at
some angle appropriate for revealing any lack of fusion
and cracking defects at the weld metal/base material in-
terface-near the root pass.

HBB-5220 CATEGORY B VESSEL WELDED
JOINTS AND CIRCUMFERENTIAL
WELDED JOINTS IN OTHER
COMPONENTS

The rules of this paragraph shall be substituted for
those of Division 1, NB-5220.

(a) For component regions with nominal diameter
greater than 4 in. (100 mm), all circumferential butt
welds similar to Category B, as defined in Division 1,
NB-3351.2, shall be examined in accordance with the re-
quirements of HBB-5210.

(b) For component regions with nominal diameter of
2 in. (50 mm) or less, all circumferential butt welds sim-
ilar to Category B, along with adjacent base material for at
least Vg in. (3 mm) outside the edges of the completed
weld, shall be radiographed. For component regions with
a nominal diameter over 2 in. (50 mm) but not exceeding
4 in. (100 mm), circumferential butt welds similar to Cat-
egory B welds shall be radiographed. The adjacent base
material for a distance outside the edges of the completed
weld equal to the greater of % in. (3 mm) or t, but not to
exceed Y, in. (13 mm) where ¢ is the thickness of the
weld, shall also be radiographed. In addition, each com-
pleted weld shall undergo surface examination in accor-
dance with the requirements of HBB-5210(a).

etrant method.
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HBB-5230 CATEGORY C VESSEL WELDED (b) Butt-welded attachment welds for nozzles and

JOINTS AND SIMILAR WELDED
JOINTS IN OTHER COMPONENTS

The rules of this paragraph shall be substituted for
those of Division 1, NB-5230.

(a) For component regions with nominal diameter
greater than 4 in. (100 mm), all full penetration welds
similar to Category C, as defined in Division 1,
NB-3351.3, shall be examined in accordance with the re-
quirements of HBB-5210.

(b) For component regions with nominal diameter of
4 in. (100 mm) or less, all full penetration welds similar
to Category C, along with adjacent base material for at
least Y, in. (13 mm) outside the edges of the completed
weld, shall be radiographed. In addition, each completed
weld shall undergo surface examination in accordance
with the requirements of HBB-5210(a). For full penetra-
tion corner welds, the requirements of (c) and (d) below
shall replace the requirements of this paragraph.

(c) For component regions with nominal diameter of
4 in. (100 mm) or less, all full penetration corner welds
similar to Division 1, Figure NB-4243-1, sketches (a),
(b), and (c) shall be radiographed; this radiography may
require special techniques such as the use of multiple ex-
posures. In addition, each completed weld shall undergo
surface examination in accordance with the requirements
of HBB-5210(a).

(d) For component regions with nominal diameter of
4 in. (100 mm) or less, all full penetration corner welds
similar to Division 1, Figure NB-4243-1, sketches«(d),
(e), and (f) shall be examined in accordance with the re-
quirements of (c) above. In addition, the ftsien zone
and the parent metal beneath the attachiment surface
shall be ultrasonically examined after welding to reveal
any lack of fusion and laminar defects:

HBB-5240 CATEGORY D VESSEL WELDED
JOINTS AND BRANCH AND PIPING
CONNECTIONS IN OTHER
COMPONENTS

The rules of this'paragraph shall be substituted for
those of Division.1,;NB-5240. All welded joints of Catego-
ry D, as defined-in Division 1, NB-3351.4, and similar
pressure bdundary welds in other components shall be
examingdyin accordance with the requirements listed
below.

HBB-5242 Butt-Welded Nozzles and Branch and
Piping Connections

(a) Butt-welded attachment welds for nozzles and
branch connections with nominal diameter greater than
4 in. (100 mm) shall be examined in accordance with
the requirements of HBB-5210. These welds shall be full
penetration butt welds through either the component
wall or the nozzle wall, as shown in Division 1, Figure

branch connections with nominal diameter of 4 in.
(100 mm) or less shall be examined by radiography.
The examination shall cover the weld metal and the adja-
cent base material for at least Y, in. (13 mm) outside the
edges of the completed weld. In addition, each completed
weld shall undergo surface examination in accordance
with the requirements of HBB-5210(a).

HBB-5243 Full Penetration Corner-Welded
Nozzles and Branch and Piping
Connections

(a) Full penetration corner-weldedZattachment welds
for nozzles and branch connection$ with nominal dia-
meter greater than 4 in. (100,mm) shall be examined in
accordance with the requirements of HBB-5210.

(b) For nozzles and branch connections with nominal
diameter of 4 in. (100smm) or less, all full penetration
corner-welded attachment welds similar to Division 1,
Figure NB-4244(b)*1, sketch (f) shall be radiographed;
this radiography)may require special techniques such as
the use of multiple exposures. The examination shall cov-
er the weld ‘'metal and the adjacent base material for at
least-J4in. (13 mm) outside the edges of the completed
weldiIn addition, each completed weld shall undergo sur-
face’ examination in accordance with the requirements of
HBB-5210(a).

(c) For nozzles and branch connections with nominal
diameter of 4 in. (100 mm) or less, all full penetration
corner-welded attachment welds similar to Division 1,
Figure NB-4244(b)-1, sketches (a), (b), (c), (d), (e), and
(g) shall be examined in accordance with the require-
ments of (b) above. In addition, the fusion zone and the
parent material beneath the attachment surface shall be
ultrasonically examined after welding to reveal any lack
of fusion and laminar defects.

HBB-5244 Deposited Weld Metal as
Reinforcement for Openings and
Attachment of Nozzles, Branch, and
Piping Connections

(a) Weld buildup deposits may be made to a surface as
shown in Step 1 of Division 1, Figure NB-4244(c)-1 for
nozzle and branch connections. When such weld deposits
are made, the fusion zone and the parent metal beneath
the weld shall be ultrasonically examined after welding
to reveal any lack of fusion and laminar defects. Nozzles
may then be attached as shown in Step 2 of Division 1,
Figure NB-4244(c)-1.

(b) Full penetration attachment welds, similar to those
shown in Division 1, Figure NB-4244(c)-1, shall be radio-
graphed; this radiography may require special techniques
such as the use of multiple exposures. The examination
shall cover the weld metal and the adjacent base material

NBZ224(a)1-
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completed weld. In addition, each completed weld shall
undergo surface examination in accordance with the re-
quirements of HBB-5210(a).

HBB-5245 Partial Penetration Welds

Partial penetration welds shall be used only for the
small diameter applications allowed by the rules of
Article HBB-3000. Partial penetration welds as shown in
Division 1, Figures NB-4244(d)-1 and NB-4244(d)-2 shall
be examined progressively using either the magnetic par-
ticle or the liquid penetrant method. The increments of
examination shall be the lesser of one-half of the maxi-
mum weld dimension measured parallel to the center line
of the connections, or Y/, in. (13 mm). In addition, each
completed weld shall undergo surface examination in ac-
cordance with the requirements of HBB-5210(a).

HBB-5246 Full Penetration Category D Welds at
Oblique Connections

(a) Full penetration welds shall be examined in accor-
dance with the requirements of HBB-5210. Prior to exam-
ination, backing rings shall be removed and the nozzle
bore surface finish shall be suitable for the type of
examination.

(b) The radiographic examination in (a) above is not re-
quired provided all the conditions listed below are met.

(1) The weld is made as per Division 1, Figure
NB-4244(e)-1, Step 1. After attachment [Step 1, sketch
(a)] or after cladding [Step 1, sketch (b) or (c)], the weld,
weld fusion zone, and base metal under the attachment
shall have been ultrasonically examined.

(2) The weld is made as per Division 1, Eigure
NB-4244(e)-1, Step 2, and the magnetic particle/orliquid
penetrant method shall have been used to progressively
examine the weld at the lesser of one-halfithe thickness
of the weld joint, or each Y in. (13 mm) ofweld thickness.

(3) A surface examination using the 'magnetic parti-
cle or liquid penetrant method shallthave been made on
the root pass weld.

(4) The angle which the.nozzle axis makes with the
component wall at the point.of attachment is not smaller
than 40 deg.

HBB-5260 FILLET, SOCKET, AND ATTACHMENT
WELDS
HBB-5261 (_Fillet and Socket Welds

The pules of this paragraph shall be substituted for Di-
visiom\I;"NB-5260. Fillet and socket welds shall be used
onlyyfor the small diameter applications allowed by the

rules of Article HBB-3000. Completed surfaces of fillet
and socket welds shall be examined visually and by either
the magnetic particle or liquid penetrant methods. To en-
sure that proper fit-up and clearances were achieved in
the as-welded condition, completed socket welds shall
either be examined by postweld radiography oriented
to verify the axial gap at the base of the socket weld, or
they shall be examined in accordance with special instruc-
tions described in written procedures which comply with
Division 1, NB-5112.

HBB-5262 Permanent Structural Attachment
Welds

The rules of this paragraph shall be substituted for Di-
vision 1, NB-5262.

(a) Permanent structural attachment welds, as defined
in Division 1, NB-4433, shall be examined by the methods
listed below.

(1) radiography, unless:it is excluded by (2) below.
The absence of suitabte.radiographic equipment shall
not be the justification for the rules of (2) below excluding
the radiography requirements.

(2) Where radiography is impractical, the require-
ments of (1), above may be replaced either by using ultra-
sonic examination on the completed weld, or by
progréssively examining the weld using the magnetic par-
ticle.,or the liquid penetrant method.

For progressive examination of multipass welds
whose final thickness will be 1 in. (25 mm), or less, the ex-
amination shall be performed after completion of one-half
the final weld thickness. For progressive examination of
welds whose final weld thickness will exceed 1 in.
(25 mm), examinations shall be performed after the com-
pletion of each ', in. (13 mm) of weld thickness.

(3) Completed weld surfaces shall be examined by
either a magnetic particle method or a liquid penetrant
method.

(b) If it becomes necessary to cool a partially completed
weld in order to perform the progressive examination of
(a)(2) above, then care should be taken to keep the large
structural parts from imposing large tensile loadings on
partially completed welds.

HBB-5263 Nonstructural and Temporary
Attachments

All completed weld surfaces on welds of nonstructural
and temporary attachments, as defined in Division 1,
NB-4435, shall be examined by either a liquid penetrant
or magnetic particle method.
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ARTICLE HBB-6000
TESTING

HBB-6100 GENERAL REQUIREMENTS

Testing of Section III, Division 5, Class A components
when metal temperatures exceed those for which allow-
able stress values are given in Section II, Part D, Subpart
1, shall be in accordance with the rules of this Subsection.

HBB-6110 SCOPE OF TESTING

HBB-6111 General Hydrostatic and Pneumatic
Test Media

(a) The selection of a particular test medium may de-
pend upon considerations in (b), (c), and (d) below. For
some items, a combination of gaseous and liquid test
media may be desirable.

(b) Compared to pressurized liquids, gas under a simi-
lar pressure has a greater potential energy release. It is
therefore recommended that special precautions for pro-
tection of personnel be taken when a gas under pressure
is used as a test medium.

(c) Some components, appurtenances, or systems are
not designed to support the liquid weight requiredyin a
hydrotest. Pneumatic tests should be consideredor such
components.

(d) The use of liquids for testing often.results in traces
of the liquid left in hard-to-clean places.in’the system, and
these residues may be harmful to the>structural material
because of reactions involving the\residues and the sys-
tem coolant. Pneumatic tests should be considered under
these circumstances.

HBB-6112 Pressure Testing of Components and
Appurtenances

(a) Except as'rioted in (b) and (c) below, all compo-
nents and.appurtenances for elevated temperature ser-
vice shdll\be static pressure tested in the presence of
the Inspector.

(b) Nuts, bolts, studs, nonwelded access opening cov-
ers, and gaskets are exempt from the pressure test.

(c) A static pressure test of each line valve and pump
with inlet piping connections of 4 in. (100 mm) nominal
pipe size and smaller shall be performed by the Certificate
Holder and so noted on the Data Report Form; however,
this static pressure test need not be witnessed by the In-
spector. The Inspector’s review of the Certificate Holder’s
test records will be the Inspector's authority to sign the
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(d) Under the special conditions of HBB-6117 and
HBB-6118, a helium mass spectrometer leak{test (plus
other tests) may replace the static pressure test required
in (a) above.

(e) The requirements of (a) above aré met by meeting
the requirement of HBB-6113(a).

(f) The component or appurtenance pressure test,
when conducted in accoprdance with the rules of
HBB-6221 or HBB-6321, shall be acceptable as a pressure
test for parts and piping\Subassemblies.

(g) For components’and appurtenances that will be
subjected to external pressure loads in service, the pres-
sure test requitément in (a) above may be performed
on the basis‘ef an internal pressure test using the rules
of HBB-6221 or HBB-6321. The Design Specifications
may require further tests to demonstrate structural integ-
rityppinder external pressure loading.

HBB-6113 Pressure Testing of Systems

(a) Prior to initial operation, the installed Class A sys-
tem shall be static pressure tested in the presence of
the Inspector.

(b) Under the special restrictions of HBB-6117 and
HBB-6118, a helium mass spectrometer leak test may re-
place the static pressure test in (a) above.

HBB-6115 Time of Pressure Test and Stamping of
Components and Appurtenances

(a) The pressure tests of components and appurte-
nances required by HBB-6112(a) shall be performed
prior to installation in the system as specified in
HBB-6221(a) or HBB-6321(a).

(b) The pressure tests of components and appurte-
nances required by HBB-6112(a) may be performed after
installation if the system pressure test is used under the
provisions of HBB-6221(c) or HBB-6321(c).

(c) The Data Report Form shall not be completed nor
signed by the Inspector and the components shall not
be stamped until the Certificate Holder has conducted
the static pressure test.

(d) Specially designed welded seals,?* that are identi-
fied on the Data Report Form as being welded by the Cer-
tificate Holder under the rules of HBB-6118, need not be
tested prior to the stamping of the component.

(e) Appurtenances containing brazed joints, pumps not
designed by detailed analysis,?! and valves shall be static

Teport. This takes precedence over NCA-5280. pressure Tested prior to instatiation in a sysEem.
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HBB-6116 Machining of Local Areas After Static
Pressure Testing

(a) In local regions of the pressure boundary where
tight tolerances are required for proper component func-
tioning, extra wall thickness is permitted during pressure
testing. If extra wall thickness is provided during fabrica-
tion, the excess material may be machined to critical di-
mensions and tolerances after completion of the static
pressure test.

(b) The extra wall thickness permitted during pressure
testing in (a) above shall not exceed 10% of the final wall
thickness or ¥ in. (10 mm), whichever is less.

(c) The final wall thickness, after machining to critical
dimensions and tolerances, shall comply with the mini-
mum wall thickness requirements defined in the rules
for design of Class A components for elevated tempera-
ture service.

HBB-6117 Alternative Tests of Closure Welds
and Access Hatches

(a) Closure welds for access hatches in vessels and clo-
sure welds for connecting piping subassemblies may be
tested by an alternative procedure for the pressure test
requirements of HBB-6112 and HBB-6113 provided the
conditions of (1) through (4) below are met:

(1) If hydrotesting were to be used, residues from the
hydrotest liquid could be deleterious to the service;

(2) Closure welds are located at least 3 \/RT from
major structural discontinuities such as flanges, large
nozzles, pumps, or valves. R is the mean radius and 7 is
the nominal thickness of the thicker material adjacent
to the weld;

(3) The alternative test procedure in(b) below is
specified for the closure welds; and

(4) The closure welds to which the, alternative tests
shall be applied, and the alternative-test procedure shall
be included in the Design Specifieation. The closure welds
to which the alternative test procedure has been applied
shall be identified on the Data Report.

(b) As an alternative(to the pressure test procedure,
closure welds may be tested by a mass spectrometer he-
lium leak test.

HBB-6118 -Alternative Tests at Specially
Designed Welded Seals

(d) Specially designed welded seals, such as omega and
canopy seals, need not meet the pressure test require-
ments of HBB-6112 and HBB-6113 when:

(1) The final weld cannot be completed until after the
hydrostatic or pneumatic test because the system test
pressure would exceed the limit specified for any system
component; and

(2) The seal is subjected to a leak test at the maxi-

(b) Welds of specially designed welded seals may be
tested by a helium leak test in lieu of the pressure test re-
quirements of HBB-6112 and HBB-6113 provided:

(1) The welds of the seal and the welds joining the
seal to the component or supporting structure cannot
be visually examined during testing due to access restric-
tions; and

(2) The welds and the alternative test procedures
have been mutually agreed to by the Owner and the Cer-
tificate Holder, and the requirements appear in the Design
Specifications and in the appropriate Data Report
Form(s).

HBB-6120 PREPARATION FOR TESTING
HBB-6121 Exposure of Joints

All mechanical and welded joints; including welds, shall
be left uninsulated and expased for examination during
the test.

HBB-6122 Addition of Temporary Supports

Components deésigned for vapor or gas may be pro-
vided with additional temporary supports, if necessary,
to suppott the weight of the test liquid.

HBB-6123 Restraint or Isolation of Expansion
Joints

Expansion joints shall be provided with temporary re-
straint, if required for the additional pressure load under
test, or they shall be isolated from the test.

HBB-6124 Isolation of Equipment Not Subjected

to Pressure Test

Equipment that is not to be subject to the pressure test
shall be either disconnected from the component or sys-
tem, or isolated by a blank flange or similar means. Valves
may be used if the valve with its closure is suitable for the
proposed test pressure.

HBB-6125 Treatment of Flanged Joints
Containing Blinds

Flanged joints at which blinds are inserted to blank off
other equipment during the test need not be tested until
the blinds are removed.

HBB-6126 Precautions Against Test Medium
Expansion

If a pressure test is to be maintained for a period of
time and the test medium in the system is subject to ther-
mal expansion, precautions shall be taken to avoid exces-
sive pressure. A small relief valve set to 1.33 times the test

mum normal operating pressure.
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HBB-6210 HYDROSTATIC TESTING PROCEDURE
HBB-6211 Provision of Air Vents at High Points

Vents shall be provided at all high points of the compo-
nent or system in the position in which the test is to be
conducted to purge air pockets while the component or
system is filling.

HBB-6212 Test Medium and Test Temperature

(a) Any nonhazardous liquid at any temperature below
its boiling point may be used for the hydrostatic test.
Combustible liquids having a flash point less than 100°F
(38°C), such as petroleum distillates, may be used only
for tests at near atmospheric temperature.

(b) No hydrostatic test shall be performed at a tem-
perature which exceeds those for which S, values are
listed in Section II, Part D, Subpart 1, Tables 2A and 2B
for any of the materials used in the pressure boundaries
of components being tested.

(c) It is recommended that the test be made at a tem-
perature that will minimize the possibility of brittle frac-
ture (Division 1, NB-2330). The test pressure shall not be
applied until the component, appurtenance or system,
and the pressurizing medium are approximately at the
same temperature.

(d) For the vessel hydrostatic test before installation, it
is recommended that the test be made at a temperature
not lower than [RTypr + 60°F (35°C)], (Division\{1;
NB-2331).

HBB-6213 Check of Test Equipment Before
Applying Pressure

The test equipment shall be examined ‘before pressure
is applied to ensure that it is tight and that all low pres-
sure filling lines and other appurtenances that should
not be subjected to the test pressures have been discon-
nected or isolated by valves, b other suitable means.

HBB-6215 Examination for Leakage After
Application of Pressure

Following the¢ application of the hydrostatic test pres-
sure for a minimum of 10 min, as required by
HBB-6224;.examination for leakage shall be made of all
joints, connhections, and of all regions of high stress such
as regions around openings and thickness transition sec-
tions! Except in the case of pumps and valves, which shall
be’examined while at test pressure, this examination shall
be made at a pressure equal to the greater of the design
pressure or three-fourths of the test pressure and it shall
be witnessed by the Inspector. Leakage of temporary gas-
kets and seals, installed for the purpose of conducting the
hydrostatic test and which will be replaced later, may be
permitted unless the leakage exceeds the capacity to
maintain system test pressure for the required amount

HBB-6200 HYDROSTATIC TESTS and gasketed joints in components, may be permitted

when specifically allowed by the Design Specifications.
Leakage from temporary seals or leakage permitted by
the Design Specifications shall be directed away from
the surface of the component to avoid masking leaks from
other joints.

HBB-6220 HYDROSTATIC TEST PRESSURE
REQUIREMENTS
HBB-6221 Minimum Required System

Hydrostatic Test Pressure

(a) Except as may be otherwise requiréd by material
specifications and by the requirements.6f HBB-6223, all
components and appurtenances shall'be subjected to a
hydrostatic test at a pressure notless than 1.25 times
the system design pressure prier to installation in the nu-
clear power system.

(b) All pressure-retaifting components of the com-
pleted Class A systenr.shall be subjected to a system hy-
drostatic test at a préSsure not less than 1.25 times the
system designpressure unless specifically excepted un-
der the provisions of HBB-6117 and HBB-6118.

(c) The.system hydrostatic test of (b) may be substi-
tuted for~a’component hydrostatic test of (a), provided

{1)the component can be repaired by welding, if re-
quired, as a result of the system hydrostatic test, in accor-
dance with the rules of Division 1, NB-2500

(2) the component repair can be postweld heat treat-
ed, if required, and nondestructively examined in accor-
dance with rules of Division 1, NB-2500, NB-5100, and
NB-5400, as applicable, subsequent to the system hydro-
static test

(3) the component is subjected to the required sys-
tem hydrostatic test following the completion of repair
and examination

HBB-6222 Maximum Permissible Hydrostatic
Test Pressure

(a) The stress limits, contained in the rules of Article
HBB-3000, shall be used in determining the permissible
hydrostatic test pressure. In multichamber components,
pressure may be simultaneously applied to the appropri-
ate adjacent chamber to meet these stress limits. The
number of test sequences for which the above provisions
may be considered applicable shall not exceed ten.

(b) When hydrostatically testing a system, the test
pressure shall not exceed the lowest of the maximum test
pressures allowed for any of the components in the
system.

ol time. Uther Ieaks, such as irom permanent seals, seats,
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Pumps, and for Components and
Appurtenances Containing Brazed
Joints

(a) Prior to installation, valves, pumps not designed by
detailed stress analysis, and other components and ap-
purtenances containing brazed joints shall be hydrostati-
cally tested at a pressure 1.5 times the system design
pressure.

(b) The inlet (primary pressure containing) portion of
safety and safety relief valves shall be hydrostatically
tested at a pressure at least 1.5 times the set pressure
marked on the valve. For closed system applications,
the outlet portion of safety and safety relief valves shall
be hydrostatically tested to 1.5 times the design second-
ary pressure of the outlet system.

HBB-6224 Hydrostatic Test Pressure Holding
Time

The hydrostatic test pressure shall be maintained for a
minimum total time of 10 min and for such additional
time as may be necessary to conduct the examination
for leakage required by HBB-6215. When testing pumps,
valves, and other components covered by HBB-6223,
the pressure shall be maintained a minimum of 15 min
for each inch of design minimum wall thickness, but for
not less than 10 min.

HBB-6300 PNEUMATIC TESTS

HBB-6310 PNEUMATIC TESTING PROCEDURES
HBB-6311 General Requirements

When a pneumatic test is performed, it shall be con-
ducted in accordance with the requirements of
HBB-6300 and HBB-6112.

HBB-6312 Test Medium and Test Temperature

(a) The gas used as the test medium shall be
non-flammable;

(b) It is recommended that the test be made at a tem-
perature that will minimize the possibility of brittle frac-
ture (Division3;"NB-2330). The test pressure shall not be
applied until-the component, appurtenance or system,
and the-pressurizing medium are approximately the same
temperature.

HBB-6313 Check of Test Equipment Before
Applying Pressure

The test equipment shall be examined before pressure
is applied to ensure that it is tight and that all appurte-
nances that should not be subjected to the test pressure
have been disconnected or isolated by valves or other

HBB-6223 Hyarosiailc Test Pressure for Va[ves, HBB-6314 Procedure for Kpp[_ylng Pressure

The pressure in the system shall gradually be increased
to not more than one-half of the test pressure, after which
the pressure shall be increased in steps of approximately
one-tenth of the test pressure until the required test pres-
sure has been reached. The pressure shall then be re-
duced to a value equal to the greater of the design
pressure or three-fourths of the test pressure and held
for a sufficient time to permit examination of the system
in accordance with HBB-6315.

HBB-6315 Examination for Leakage After
Application of Pressure

Following the application of pressure for the time spe-
cified in HBB-6324, examination ofleakage in accordance
with HBB-6215 shall be made.

HBB-6320 PNEUMATIC.TEST PRESSURE
REQUIREMENTS

HBB-6321 Minimum Required System Pneumatic
Test Pressure

(a) Exceptsas may be otherwise required by material
specifications-and by the requirements of HBB-6323, all
components and appurtenances shall be subjected to a
pneumatic test at a pressure not less than 1.20 times
the.system design pressure prior to installation in the nu-
clear power system.

(b) All pressure-retaining components of the com-
pleted Class A system shall be subjected to a system pneu-
matic test at a pressure not less than 1.20 times the
system design pressure unless specifically excepted un-
der the provisions of HBB-6117 and HBB-6118.

(c) The system pneumatic test of (b) may be substi-
tuted for a component pneumatic test of (a), provided

(1) the component can be repaired by welding, if re-
quired as a result of the system pneumatic test, in accor-
dance with the rules of Division 1, NB-4400;

(2) the component repair can be postweld heat treat-
ed, if required, and nondestructively examined in accor-
dance with the rules of Division 1, NB-4400, NB-5100,
and NB-5400, as applicable, subsequent to the system
pneumatic test; and

(3) the component is subjected to the required sys-
tem pressure test following the completion of repair
and examination.

HBB-6322 Maximum Permissible Pneumatic
Test Pressure

(a) The stress limits contained in the rules of Article
HBB-3000 shall be used in determining the permissible
pneumatic test pressure. In multichamber components,
pressure may be simultaneously applied to the appropri-
ate adjacent chamber to meet these stress limits. The
number of test sequences for which the above provisions

sultable means.
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(b) When pneumatically testing a system, the test pres-
sure shall not exceed the lowest of the maximum test
pressures allowed for any of the components in the
system.

HBB-6323 Pneumatic Test Pressure for Valves,
Pumps, and for Components and
Appurtenances Containing Brazed
Joints

(a) Prior to installation, valves, pumps not designed by
detailed stress analysis, and other components and ap-
purtenances containing brazed joints shall be pneumati-
cally tested at a pressure 1.5 times the system design
pressure.

(b) The inlet (primary pressure containing) portion of
safety and safety relief valves shall be pneumatically
tested at a pressure at least 1.5 times the set pressure

marked on the valve. For closed system applications,
the outlet portion of safety and safety relief valves shall
be pneumatically tested to 1.5 times the design secondary
pressure of the outlet system.

HBB-6324 Pneumatic Test Pressure Holding
Time

The pneumatic test shall be maintained for a minimum
total time of 10 min and for such additional time'as may
be necessary to conduct the examination for-leakage re-
quired by HBB-6215.

HBB-6400 PRESSURE TEST GAGES
The rules of Division 1, NB-6400 shall apply.
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ARTICLE HBB-7000
OVERPRESSURE PROTECTION

HBB-7100 GENERAL REQUIREMENTS

Overpressure protection for Section III, Class A compo-
nents, when the metal temperature exceeds the Applic-
ability and Max. Temp. Limits listed in Section II, Part D,
Subpart 1, Tables 2A and 2B, shall be in accordance with
the rules of Division 1, Article NB-7000, except as modi-
fied by Subsection HB, Subpart B.

HBB-7110 SCOPE

(a) Subsection HB, Subpart B provides Class A over-
pressure protection rules for those pressure boundary
structures which, having been designated by the Owner
[NCA-1140 and NCA-3211.4(a)] as a group of items re-
quiring such protection, are not covered by Division 1,
Article NB-7000 rules because some of the structures
are expecting service temperatures above those currently
allowed under the rules of Division 1, Subsection NB.

(b) Whereas the rules of Division 1, Article NB-7000 are
oriented toward water and steam cooled reactor systems,
the rules of Subsection HB, Subpart B encompass a widef:
variety of coolant fluids.

(c) The rules of Division 1, Article NB-7000 shallhgov-
ern unless paragraphs are specifically altered by the'rules
of Subsection HB, Subpart B. All references to-other Divi-
sion 1, Article NB-7000 paragraphs are to be-interpreted
as referring to the Division 1, Article NB-7000 paragraphs
as modified by Subsection HB, Subpart.B.

(d) As with Division 1, Article NB=7000, the rules of this
Subsection require that all system conditions, including
transients, are described in the Design Specifications for
the components being protected.

(e) In the evaluation-of the effects of overpressure
events, structural loadings shall include, but not be lim-
ited to, the types_of events listed below.

(1) systemoverpressure due to a closed valve, a
blocking gbject, or a solid core of metal coolant

(2) oyerpressure due to the addition of heat to an iso-
lated pprtion of the system

(3) overpressure due to nuclear transients

(4) overpressure due to failure of a system compo-
nent, including the effects of leaks from adjacent systems
and possible resulting chemical reactions

(5) overpressure resulting from operator error

(6) overpressure due to constant pressure in combi-
nation with a rising overtemperature condition

OVETPIeSSUre due to pump OVEISpee
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(f) Events whose overpressure effects are beyond the
Scope of the rules of Subsection HB, Subpart B are‘cov-
ered by Division 1, NB-7110(b) and include, for<example:

(1) rapid closure of a check valve gate leads to fluid
shock conditions in a local region

(2) earthquake motions induce sleshinhg of fluids con-
tained in large tanks

(3) nuclear incident induces\a)severe pressure spike
in a local region

(4) rapid closure of avatve during high flow rate con-
ditions introduces pressure shocks

HBB-7130 VERIFICATION OF THE OPERATION
OF.PRESSURE RELIEF DEVICES

Revise Diwision 1, NB-7131 to read:

(a) Pressure relief devices shall be designed so that po-
tential impairment of the overpressure protection func-
tionfrom service exposure to fluids can be determined
by test or examination.

HBB-7170 PERMITTED USE OF PRESSURE
RELIEF DEVICES

Revise title of Division 1, NB-7173 to read:

Valve Types Permitted for Water Service

Revise Division 1, NB-7174 to read:

Division 1, NB-7174 Nonreclosing Devices

Rupture disk devices may be used in air, gas, or liquid
metal service in accordance with Division 1, NB-7600.

HBB-7200 CONTENT OF OVERPRESSURE
PROTECTION REPORT

Add to Division 1, NB-7220, the listing below:

(0) the effects of any thermal dissipation or discharge
storage system on the pressure relief devices;

(p) the disposition of effluent from pressure relief de-

vices for both primary and secondary reactor coolant
fluids.

HBB-7300 RELIEVING CAPACITY

Revise Division 1, NB-7321(c) to read:

The system overpressure established for setting the re-
quired total rated relieving capacity of (b) above shall be
such that the calculated Stress Intensity and other design
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limitations for Service Limit C, as specified in the rules of
Article HBB-3000, are not exceeded for each of the com-
ponents in the protected system.

HBB-7600 NONRECLOSING PRESSURE
RELIEF DEVICES

HBB-7610 USE OF RUPTURE DISK DEVICES

Revise Division 1, NB-7610 as shown below:

Rupture disk devices certified in accordance with Divi-
sion 1, NB-7720 may be used as sole protection against
overpressure loadings. Rupture disks shall use materials
of construction approved in Article HBB-2000. Rupture
disks may be used in conjunction with pressure relief
valves on either the discharge side or the inlet side of
the valve, provided the requirements of Division 1,
NB-7700 are met.

HBB-7620

HBB-7621 Provisions for Venting or Draining

Near Rupture Disks

Revise Division 1, NB-7621 as shown below:

The space between the rupture disk and any associated
pressure relief valve shall be connected to a controlled
disposal system as provided for the associated pressure
relief valve. This space, if it exists, shall be provided with
means to monitor its internal pressure during service
periods.

HBB-7800 MARKING, STAMPING WITH
CERTIFICATION MARK, AND
DATA REPORTS

HBB-7810 PRESSURE RELIEF VALVES

HBB-7811 Marking and Stamping With
Certification Mark

Each pressure relief valve shall be plainly marked by
the Certificate Holder with the required data herein in
such a way that the marking will not be obliterated’in ser-
vice. The data shall be in characters not less(than ¥, in.
(2.5 mm) high. The marking shall be placéd“on the valve
or on a nameplate securely fastened tg_the valve. The Cer-
tification Mark shall be stamped on the valve or name-
plate, but the other required-data may be stamped,
etched, impressed, or cast,-THe marking shall include
the following:

(a) the name, or an acceptable abbreviation, of the Cer-
tificate Holder

(b) Certificate Holder’s design or type number

(c) size NPS (DN) of the valve inlet

(d) set pressure psi (kPa)

(e) certified capacity and overpressure in percent or
psi (kPa)

¢1) Ib/hr (kg/h) of saturated steam for valves certi-
fied,on steam

(2) scfm (standard cubic feet per minute) at 60°F
(15°C) and 14.7 psia (101 kPa) of air for valves certified
on air or gas, or

(3) gal/min of water at 70°F (20°C) for valves certi-
fied on water

(f) applicable official Certification Mark, as shown in
Table HAA-8110-1.

In addition to the above, each pressure relief valve shall
have a separate nameplate attached to the component
that includes the marking requirements of NCA-8220
and NB-3593.2.
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ARTICLE HBB-8000
NAMEPLATES, STAMPING WITH THE CERTIFICATION MARK,
AND REPORTS

HBB-8100 REQUIREMENTS

The applicable requirements given in Article HAA-8000 shall apply to Class A metallic pressure;boundary
components.
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MANDATORY APPENDIX HBB-I1-14
TABLES AND FIGURES

Table HBB-I-14.1(a)
Permissible Base Materials for Structures Other Than Bolting

Base Material Spec. No. Product Form Types, Grades, or Classes
Types 304 SS and 316 SS SA-182 Fittings & Forgings F 304, F 304H, F 316, F 316H

[Note (1)], [Note (2)], [Note (3)] SA-213 Smls. Tube TP 304, TP 304H, TP 316, TP_316H
SA-240 Plate 304, 316, 304H, 316H
SA-249 Welded Tube TP 304, TP 304H, TP 316,TP 316H
SA-312 Welded & Smls. Pipe TP 304, TP 304H, TP-316, TP 316H
SA-358 Welded Pipe 304, 316, 304H, 316H
SA-376 Smls. Pipe TP 304, TP 304H{ TP 316, TP 316H

SA-403 Fittings WP 304, WR 304H, WP 316, WP 316H, WP 304W,
WP 304HW, WP 316W, WP 316HW

304, 304H, 316, 316H

F 304 F 304H, F 316, F 316H

EP.304, FP 304H, FP 316, FP 316H

SA-479 Bar
SA-965 Forgings
SA-430 Forged & Bored Pipe

Ni-Fe-Cr (Alloy 800H) [Note (4)] SB-163 Smls. Tubes UNS N08810
SB-407 Smls. Pipe & Tube UNS N08810
SB-408 Rod & Bar UNS N08810
SB-409 Plate, Sheet, &'Strip UNS N08810
SB-564 Forging§ UNS N08810
2Y,Cr-1Mo [Note (5)] SA-182 Forgings F 22, Class 1
SA-213 Smils. Tube T 22
SA-234 Piping Fittings WP22 CL1 [Note (6)]
SA-335 Forg. Pipe P 22
SA<336 Fittings, Forgings F 22a
SA-369 Forg. Pipe FP 22

SA-387 Plate
SA-691 Welded Pipe

Gr 22, Class 1
Pipe 2, CR (SA-387, Gr. 22, CL 1)

9Cr-1Mo-V SA-182 Forgings F 91 Type 2
SA-213 Smls. Tube T 91 Type 2
SA-335 Smls. Pipe P 91 Type 2

SA-387 Plate Grade 91 Type 2

NOTES:

(1) These materials shall have a minimum specified room temperature yield strength of 30,000 psi (207 MPa) and a minimum spe-
cified carben.content of 0.04%. For use above 1,100°F (595°C), these materials shall have a 0.05% minimum nitrogen, 0.03%
maximum*aluminum, and 0.04% maximum titanium.

(2) For use at temperatures above 1,000°F (540°C), these materials may be used only if the material is heat treated by heating to a
minimum temperature of 1,900°F (1 040°C) and quenching in water or rapidly cooling by other means.

(3)-Nonmandatory Appendix HBB-U provides nonmandatory guidelines on additional specification restrictions to improve perfor-
mance in certain service applications.

(4) These materials shall have a total aluminum-plus-titanium content of at least 0.50% and shall have been heat treated at a tem-
perature of 2,050°F (1 120°C) or higher.

(5) This material shall have a minimum specified room temperature yield strength of 30,000 psi (207 MPa), a minimum specified
room temperature ultimate strength of 60,000 psi (414 MPa), a maximum specified room temperature ultimate strength of
85,000 psi (586 MPa), and a minimum specified carbon content of 0.07%.

(6) The material allowed under SA-234 shall correspond to one of:

(a) SA-335, Grade P 22
(b) SA-387, Grade 22, Class 1
(c) SA-182, Grade F 22, Class 1 in compliance with Note (5).

(23)
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(23)

Table HBB-I-14.1(b)
Permissible Weld Materials

Base Material Spec. No. Class

Types 304 SS and 316 SS SFA-5.4 E 308, E 308L, E 316, E 316L, E 16-8-2
SFA-5.9 ER 308, ER 308L, ER 316, ER 316L, ER 16-8-2
SFA-5.22 E 308, E 308T, E 308LT, E 316T, E316LT-1 EXXXT-G

(16-8-2 chemistry)

Ni-Fe-Cr (Alloy 800H) SFA-5.11 ENiCrFe-2
SFA-5.14 ERNiCr-3

2Y,Cr-1Mo SFA-5.5 E 90XX-B3 (>0.05% Carbon)
SFA-5.23 EB 3, ECB 3
SFA-5.28 E 90C-B3 (>0.05% Carbon), ER 90S-B3
SFA-5.29 E 90T-B3 (>0.05% Carbon)

9Cr-1Mo-V SFA-5.5 E90XX-B91
SFA-5.23 EB91
SFA-5.28 ER90S-B91
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Table HBB-1-14.2
S, — Maximum Allowable Stress Intensity, ksi (MPa), for Design Condition Calculations

U.S. Customary Units

Ni-Fe-Cr
For Metal (Solution
Temperature Not Annealed)
Exceeding, °F 304 SS 316 SS UNS N08810 2%/,Cr-1Mo 9Cr-1Mo-V
700 17.9 26.7
750 17.9 259
800 15.2 15.9 15.3 16.6 249
850 14.8 15.7 15.1 16.6 23.7
900 14.6 15.6 14.8 13.6 21.9
950 14.2 15.5 14.6 10.8 178
1,000 11.1 14.0 14.1 8.0 16.3
1,050 10.1 11.2 11.2 5.7 12.9
1,100 9.8 11.1 10.0 3.8 9.6
1,150 7.7 9.8 9.3 7.0
1,200 6.1 7.4 7.4 4.3
1,250 4.7 5.5 5.9
1,300 3.7 4.1 4.7
1,350 2.9 31 3.8
1,400 2.3 2.3 3.0
1,450 1.8 1.7
1,500 1.4 1.3
SI Units
Ni-Fe-Cr
For Metal (Solution
Temperature Not Annealed)
Exceeding, °C 304 SS 316 SS UNS N08810 2%/,Cr-1Mo 9Cr-1Mo-V
375 123 184
400 123 178
425 105 110 105 116 172
450 102 108 104 116 165
475 101 108 103 99 154
500 99 107 101 81 133
525 86 101 99 64 117
550 74 88 89 48 102
575 69 77 74 35 81
600 65 76 68 26 [Note (1)] 62
625 51 62 62 46
650 42 51 51 29
675 34 39 41
700 27 30 34
725 21 23 28
750 17 18 23 [Note (2)]
775 14 13
800 11 [Note (3)] 11 [Note (4)]
NOTES:

(1) This is the value of S, for 2%,Cr-1Mo at 593°C.
(2) At 760°C the value of S, for UNS N08810 is 21 MPa.
(3) At 816°C the value of S, for 304 SS is 9.7 MPa.
(4) At 816°C the value of S, for 316 SS is 9.0 MPa.
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Stress, 1,000 psi (MPa)
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000 psi (MPa)
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Figure HBB-I-14.3B
Smt — Type 316 SS
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Stress, ksi

Figure HBB-1-14.3C
Smt — Ni-Fe-Cr (Alloy 800H)
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Stress, ksi (MPa)
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Figure HBB-1-14.3D
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Stress, ksi (MPa)
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Figure HBB-1-14.3E
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Table HBB-I-14.3E
Smt — Allowable Stress Intensity Values, ksi (MPa), 9Cr-1Mo-V

U.S. Customary Units
Temp., °F 1hr 10hr 30hr 102hr 3x102hr 10°hr 3 x10°hr 10*hr 3 x10*hr 10°hr 3 x 10°hr 5 x 10° hr

700 26.7 26.7 26.7 26.7 26.7 26.7 26.7 26.7 26.7 26.7 26.7 26.7
750 25.9 25.9 25.9 25.9 25.9 25.9 25.9 25.9 25.9 25.9 25.9 25.9
800 24.9 24.9 24.9 24.9 24.9 24.9 24.9 24.9 24.9 24.9 24.9 24.9
850 23.7 23.7 23.7 23.7 23.7 23.7 23.7 23.7 23.7 23.7 23.7 237
900 22.3 22.3 223 22.3 22.3 223 22.3 223 22.3 22.3 21.5 2051
950 20.7 20.7 20.7 20.7 20.7 20.7 20.7 20.7 20.5 18.6 16.0 14.8

1,000 19.0 19.0 19.0 19.0 19.0 19.0 19.0 17.7 163 13.8 11.6 10.7
1,050 17.1 17.1 17.1 17.1 17.1 16.9 15.5 14.1 12.2 9.9 82 7.4
1,100 15.2 15.2 15.2 15.2 14.9 134 12.2 10.6 8.7 6.9 55 5.0
1,150 13.1 13.1 13.1 12.9 11.7 10.4 9.1 7.6 6.1 4.6 3.4 2.9
1,200 11.1 11.1 11.1 10.1 8.9 7.6 6.5 5.2 3.9 2.7 1.8 15
SI Units
Temp.,°C 1h 10 h 30 h 10°h 3x10°h 10°h 3x10°h 10*h 3x10¥h ™M0°h 3x10°h 5x10°h
375 183 183 183 183 183 183 183 183 183 183 183 183
400 179 179 179 179 179 179 179 179 179 179 179 179
425 172 172 172 172 172 172 172 172 172 172 172 172
450 165 165 165 165 165 165 165 165 165 165 165 165
475 156 156 156 156 156 156 156 156 156 156 154 149
500 147 147 147 147 147 147 147 147 147 138 123 115
525 136 136 136 136 136 136 136 132 126 109 93 86
550 125 125 125 125 125 125 119 111 100 83 69 63
575 114 114 114 114 114 108 99 89 75 61 50 45
600 101 101 101 101 97 86 78 68 55 44 34 31
625 88 88 88 86 78 69 60 50 40 30 22 18
650 76 76 76 69 61 52 44 35 27 18 12 10

GENERAL NOTE: As described in HBB-2160(d), it may be-necessary to adjust the values of S,,, to account for the effects of long-time
service at elevated temperature.

Figure HBB-1-14.4A
S — Type 304 SS
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Table HBB-1-14.4A

S: — Allowable Stress Intensity Values, 1,000 psi (MPa), Type 304 SS

U.S. Customary Units

Temp.,°F  1hr 10 hr 30 hr 102hr 3x102hr 10°hr 3x10°hr 10*hr 3x10*hr 10°hr 3 x 10°hr
800 20.4 20.4 20.4 20.4 20.4 20.4 20.4 20.4 20.4 20.4 20.4
850 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 19.8 19.3
900 19.6 19.6 19.5 19.5 19.4 19.2 18.8 185 183 17.7 16.0
950 19.1 19.1 19.0 18.7 18.2 17.5 17.2 16.9 16.2 14.2 12.2

1,000 185 18.4 17.8 16.9 16.2 15.9 15.5 14.7 13.1 111 9.3
1,050 18.0 17.7 17.1 16.2 15.5 14.9 14.1 12.2 103 8.7 7.8
1,100 17.6 17.1 16.3 15.3 14.5 13.5 11.5 9.7 8.2 6.8 577
1,150 17.0 15.7 14.8 13.8 12.9 11.0 9.3 7.7 6.4 5.3 4.4
1,200 16.0 14.2 133 12.2 10.6 8.9 7.4 6.1 5.1 4.1 3.4
1,250 14.7 12.9 11.9 10.3 8.7 7.2 5.9 49 4.0 32 2.7
1,300 13.4 11.4 10.0 8.5 7.0 5.9 48 3.9 3.2 2.5 2.1
1,350 12.2 9.7 8.4 7.1 5.9 48 3.9 3.1 2.5 2.0 1.6
1,400 10.8 8.1 6.9 5.9 438 3.9 3.1 2.5 2.0 1.6 1.2
1,450 9.3 6.8 5.9 4.6 3.8 3.0 2.4 1.9 15 1.2 0.9
1,500 7.9 5.3 4.4 3.5 2.8 2.2 1.7 1.3 1.0 0.8 0.6
SI Units
Temp., °C 1h 10 h 30 h 102h 3x102h 10°h 3x10°h _ 10*h 3x10*h 10°h 3x10°h
425 141 141 141 141 141 141 141 141 141 141 141
450 138 138 138 138 138 138 138 138 138 137 134
475 136 136 135 135 135 134 132 130 129 126 116
500 133 133 132 131 128 125 123 121 117 107 93
525 130 129 127 122 118 115 113 108 100 87 73
550 126 125 121 115 110 107 103 94 82 70 58
575 123 121 116 110 105 100 91 78 66 56 46
600 120 115 109 102 97 88 75 63 54 44 37
625 116 107 101 93 87 74 62 51 43 36 29
650 110 98 92 84 73 61 51 42 35 28 23
675 102 90 83 72 61 51 42 35 28 22 19
700 93 80 71 61 50 42 34 28 23 18 15
725 86 70 61 52 43 35 29 22 18 15 12
750 78 60 52 44 36 29 23 18 15 12 9
775 69 51 44 36 29 24 19 15 12 9 7
800 60 43 37 29 23 18 15 11 9 7 5
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Table HBB-1-14.4B

S: — Allowable Stress Intensity Values, 1,000 psi (MPa), Type 316 SS

U.S. Customary Units

Temp.,°F  1hr 10 hr 30 hr 102hr 3x102hr 10°hr 3x10°hr 10*hr 3x10*hr 10°hr 3 x 10°hr
800 20.8 20.8 20.8 20.8 20.8 20.8 20.8 20.8 20.8 20.8 20.8
850 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.3
900 20.4 20.4 20.4 20.4 20.4 20.4 20.4 20.4 20.2 19.9 19.3
950 20.1 20.1 20.1 20.1 20.1 20.0 20.0 19.7 19.2 18.4 17.6

1,000 19.8 19.8 19.8 19.8 19.8 19.5 19.0 18.2 17.5 16.2 14.0
1,050 19.4 19.4 19.2 18.7 183 17.6 16.8 15.9 14.9 12.5 10:7
1,100 19.1 19.0 185 17.8 17.3 16.6 15.9 13.9 115 9.5 7.8
1,150 185 17.7 17.3 16.4 15.4 14.2 13.0 10.9 8.9 7.2 5.9
1,200 17.8 16.8 15.8 14.2 12.4 10.6 9.4 8.3 6.9 5.5 45
1,250 17.1 15.2 135 115 9.8 8.3 7.3 6.3 5.4 4.2 3.3
1,300 16.1 12.8 10.9 9.1 7.5 6.4 5.6 4.7 3.9 3.1 2.5
1,350 14.2 10.3 8.6 7.0 5.9 5.0 42 3.4 2.8 2.1 1.8
1,400 12.0 8.2 6.7 5.4 45 3.8 3.1 2.5 2.0 1.5 1.2
1,450 9.7 6.4 5.1 41 3.4 2.9 2.2 1.7 1.4 1.0 0.8
1,500 7.8 4.9 3.9 3.2 2.6 2.1 1.6 12 0.9 0.65 0.5
SI Units
Temp., °C 1h 10 h 30 h 102h 3x102h 10°h 3 x10%h.  10*h 3 x10*h 10°h 3 x10°h
425 143 143 143 143 143 143 143 143 143 143 143
450 142 142 142 142 142 142 142 142 142 142 140
475 141 141 141 141 141 141 141 141 140 138 135
500 140 140 140 140 140 439 139 138 134 131 125
525 138 138 138 138 138 136 134 130 126 118 108
550 136 136 135 134 132 128 125 119 113 101 87
575 133 133 131 127 124 119 114 105 95 79 67
600 131 129 126 121 116 110 105 91 75 62 51
625 127 121 118 111 103 94 86 72 59 48 40
650 123 116 108 97 84 72 64 57 48 38 31
675 118 106 94 80 69 58 51 44 38 30 24
700 112 91 78 65 54 46 41 34 28 22 18
725 101 75 63 52 44 36 31 25 21 16 13
750 88 62 51 41 35 29 24 19 16 11 9
775 74 50 40 32 27 23 18 14 12 8 7
800 61 40 32 25 21 17 13 10 8 5 4
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Figure HBB-1-14.4C
S: — Ni-Fe-Cr (Alloy 800H)
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Table HBB-1-14.4C
S: — Allowable Stress Intensity Values, ksi (MPa), Ni-Fe-Cr (Alloy 800H)

U.S. Customary Units

Temp., °F 1 hr 10 hr 30hr 100 hr 300 hr 1,000 hr 3,000 hr 10,000 hr 30,000 hr 100,000 hr 300,000 hr

800 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.1 19.1

850 189 189 189 189 189 189 189 189 189 18.8 18.8

900 18.7 18.7 18.7 18.7 18.7 18.7 18.6 18.6 18.6 18.5 18.4

950 18.4 18.4 18.4 18.4 18.4 18.4 18.3 18.2 18.2 18.0 17.8
1,000 18.2 18.1 18.1 18.1 18.1 18.0 17.9 17.8 17.6 16.5 14.1
1,050 179 17.9 17.8 17.8 17.7 17.6 17.4 17.1 15.0 12.9 111
1,100 17.6 17.6 17.5 17.4 17.2 16.9 16.3 139 12.0 10.3 89
1,150 17.3 17.2 17.0 16.8 16.4 15.3 13.2 11.2 9.6 8.1 7.0
1,200 17.0 16.7 16.3 15.8 14.7 12.4 10.7 9.0 7.7 6.5 5.6
1,250 16.5 15.8 15.2 14.1 12.0 10.1 8.6 7.2 6.2 5.2 4.4
1,300 15.8 14.4 134 11.5 9.8 8.2 7.0 5.8 5.0 4.1 3.5
1,350 14.7 13.1 11.3 9.5 8.0 6.7 5.7 4.7 4.0 33 2.8
1,400 13.0 10.8 9.3 7.8 6.5 5.4 4.6 3.8 3.2 2.6 2.2

SI Units
Temp., °C 1h 10 h 30 h 100 h 300 h 1000 h 3000 h 10000 h 30000 h 100000 h 300000 h

425 132 132 132 132 132 132 132 132 132 132 132
450 130 130 130 130 130 130 130 130 130 130 130
475 129 129 129 129 129 129 128 128 128 127 126
500 128 128 128 128 128 128 127 126 126 125 124
525 126 126 126 126 126 125 124 124 122 119 109
550 124 124 124 124 124 123 122 121 113 103 88
575 123 123 123 122 121 120 117 111 96 83 72
600 121 121 120 119 117 114 107 91 79 67 58
625 119 118 116 115 109 102 89 75 64 55 47
650 117 115 112 109 101 85 74 62 53 45 39
675 114 109 105 98 85 72 61 52 44 37 31
700 110 100 94 82 70 59 50 41 35 29 25
725 99 88 82 70 58 49 41 34 29 24 20
750 94 80 69 58 49 40 34 28 24 20 16
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Table HBB-I-14.4D
S: — Allowable Stress Intensity Values, ksi (MPa), 27/,Cr-1Mo

U.S. Customary Units
Temp.,°F 1hr 10hr 30hr 102hr 3 x 102 hr 10°hr 3 x10°hr 10*hr 3 x10*hr 10°hr 3 x 10°hr

700 355 355 35.5 355 355 355 355 355 35.5 355
750 35.3 35.2 34.6 335 325 31.3 29.7 28.4 26.6 25.0 23.3
800 35.0 33.2 31.8 30.4 28.8 26.8 25.0 23.0 205 18.0 16.1
850 323 29.4 28.0 264 25.0 23.2 21.0 183 163 14.0 123
900 29.0 25.5 23.7 22.0 20.2 185 16.5 14.4 12.5 10.9 9.6
950 25.0 21.0 19.3 17.5 163 14.8 13.2 113 9.7 8.4 7.3

1,000 20.7 17.1 15.5 14.2 13.1 119 10.4 8.7 7.5 6.3 5.2
1,050 16.8 13.8 125 11.2 10.2 9.3 7.9 6.7 5.7 4.7 4.0
1,100 13.6 11.0 10.0 9.0 8.2 7.2 6.2 5.0 4.1 3.3 2.7
1,150 10.8 8.8 8.0 7.2 6.3 5.4
1,200 9.0 6.2 6.1 5.9 5.1 41
SI Units
Temp,°C  1h 10 h 30h 10°h  3x10°h  10°h 3x10°h  10*h 3x10% 10°h 3x10°h
375 245 245 245 245 245 245 245 245 245 245
400 243 243 239 231 224 216 205 196 183 172 161
425 241 230 220 211 200 186 173 160 142 125 112
450 226 207 197 186 176 164 149 130 116 101 89
475 206 183 170 159 147 136 122 106 92 80 71
500 182 156 144 132 122 111 99 85 74 64 56
525 153 127 116 106 97 89 78 66 57 48 41
550 131 108 98 89 81 74 64 54 46 38 33
575 109 89 80 72 66 59 50 42 35 29 25
600 89 72 66 59 53 47
625 72 58 53 49 42 36
650 62 43 42 41 35 28
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Table HBB-I-14.4E
S: — Allowable Stress Intensity Values, ksi (MPa), 9Cr-1Mo-V

U.S. Customary Units
Temp., °F 1hr 10hr 30hr 102hr 3x102hr 10°hr 3x10°hr 10*hr 3 x10*hr 10°hr 3 x 10°hr 5 x 10° hr

700 47.3 473 47.3 47.3 47.3 47.3 47.3 47.3 473 46.1 44.2 433
750 46.0 46.0 46.0 46.0 46.0 46.0 46.0 44.0 42.1 40.0 38.1 37.3
800 443 44.3 44.3 443 44.3 423 40.3 38.2 363 34.2 324 316
850 423 423 42.3 41.0 389 36.8 34.8 327 30.8 28.8 27.0 26.2
900 39.8 38.8 37.9 355 33.3 311 29.1 271 253 23.5 215 20.1
950 37.0 34.1 31.9 29.7 27.7 25.7 23.9 221 205 18.6 16.0 148

1,000 335 285 26.6 24.5 227 209 19.3 17.7 163 13.8 11.6 10.7
1,050 28.8 23.7 21.9 20.1 185 16.9 15.5 14.1 12.2 9.9 8.2 7.4
1,100 24.6 19.5 17.9 163 14.9 13.4 12.2 10.6 8.7 6.9 55 5.0
1,150 20.7 15.8 14.4 12.9 11.7 10.4 9.1 7.6 6.1 46 344 2.9
1,200 17.1 12.7 11.4 10.1 8.9 7.6 6.6 5.2 3.9 2.7 1.8 15
SI Units
Temp,°C  1h 10 h 30h 10°h  3x10°h 10°h 3x10°h 10*h 3x10*h «10°h 3x10°h 5x10°h
375 325 325 325 325 325 325 325 325 325 312 299 293
400 317 317 317 317 317 317 316 302 289 274 261 255
425 307 307 307 307 307 294 281 266 253 238 226 220
450 294 294 294 289 275 259 246 231 218 204 192 186
475 279 275 271 255 241 225 211 197 184 171 159 149
500 262 249 235 219 205 191 178 165 153 141 123 115
525 242 214 200 185 172 160 148 136 126 109 93 86
550 217 182 168 156 144 132 119 111 100 83 69 63
575 189 154 142 130 119 108 99 89 75 61 50 45
600 164 126 115 107 97 86 78 68 55 44 34 31
625 139 106 96 86 78 69 60 50 40 30 22 18
650 117 87 78 69 61 52 45 35 27 18 12 10
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Table HBB-I-14.5
Yield Strength Values, S,, Versus Temperature

U.S. Customary Units

Stresses, ksi

Ni-Fe-Cr Ni-Cr-Fe-Mo-Cb
Temp., °F 304 SS 316 SS UNS N08810 2Y,Cr-1Mo 9Cr-1Mo-1V UNS N07718
RT 150.0
100 148.4
200 143.9
300 140.7
400 1383
500 186,7
600 See Section II, Part D, Subpart 1, Table Y-1 for Values up to 1,000°F 1854
700 134.3
750 133.7
800 133.1
850 1324
900 131.5
950 130.5
1,000 129.4
1,050 15.2 16.8 15.5 22.4 36.6 128.0
1,100 14.9 16.6 15.5 20.7 32.7
1,150 14.5 16.3 15.5 18.6 28.6
1,200 14.1 16.0 15.5 16.1 24.2
1,250 13.6 15.5 15.2
1,300 13.1 14.9 14.8
1,350 12.4 14.2 14.2
1,400 11.6 13.3 13.6
1,450 10.6 12.3 129
1,500 9.3 10.9 1222
1,550 11.3
1,600 10.3
1,650 9.3
SI Units
Stresses, MPa
Ni-Fe-Cr Ni-Cr-Fe-Mo-Cb
Temp., °C 304 SS 316.SS UNS N08810 2Y,Cr-1Mo 9Cr-1Mo-1V UNS N07718
RT 1034
50 1016
100 989
150 970
200 955
250 945
300 937
350 See Section II, Part D, Subpart 1, Table Y-1 for Values up to 538°C 929
375 925
400 922
425 918
450 914
475 909
500 902
525 896
550 106 116 108 160 269 888
575 104 115 108 151 243 883 [Note (1)]
600 102 114 108 139 218
625 100 112 108 126 193
650 97 110 107 110 165
675 94 107 105
700 91 103 102
725 87 99 99.1
oU o4 77 79.0
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Table HBB-I-14.5

Yield Strength Values, S,, Versus Temperature (Cont'd)

SI Units

Stresses, MPa

Ni-Fe-Cr Ni-Cr-Fe-Mo-Cb
Temp., °C 304 SS 316 SS UNS N08810 2Y,Cr-1Mo 9Cr-1Mo-1V UNS N07718
775 76 88 91.5
800 69 [Note (2)] 81 [Note (3)] 86.9
825 81.8
850 76.3
875 70.3
900 64.0

GENERAL NOTE: The tabulated values of yield strength are those which are suitable for use in design calculatiohs required by
this Subsection. At temperatures above room temperature, the yield strength values correspond to the yield strength trend curve
adjusted to the minimum specified room temperature yield strength. The yield strength values do not cotrrespond exactly to

either average or minimum as these terms are applied to a statistical treatment of a homogeneous set ofidata.

Neither the ASME Materials Specifications nor the rules of this Subsection require elevated temperature testing for yield
strengths of production material for use in Code components. It is not intended that results of such.tests, if performed, be com-
pared with these tabulated yield strength values for ASME Code acceptance/rejection purposes-foy materials. If some elevated
temperature test results on production material appear lower than the tabulated values by a largé-amount (more than the typical
variability of material and suggesting the possibility of some error), further investigatiow by retests or other means should be

considered.

NOTES:

(1) At 566°C the yield strength, S, is 883 MPa for UNS N07718.
(2) At 816°C the yield strength, S, is 64 MPa for 304 SS.

(3) At 816°C the yield strength, S, is 75 MPa for 316 SS.

Figure HBB-1-14.6A
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Table HBB-I-14.6A
Expected Minimum Stress-to-Rupture Values, 1,000 psi (MPa), Type 304 SS

U.S. Customary Units
Temp.,°F 1hr 10hr 30hr 102hr 3x102hr 10°hr 3 x10°hr 10*hr 3 x10*hr 10°hr 3 x 10°hr

800 57 57 57 57 57 57 57 57 51 443 39
850 56.5 56.5 56.5 56.5 56.5 56.5 50.2 45.4 40 34.7 30.5
900 55.5 55.5 55.5 55.5 51.5 469 412 36.1 315 27.2 24
950 54.2 54.2 51 48.1 43 38.0 33.5 28.8 24.9 21.2 18.3
1,000 52.5 50 44.5 39.8 35 30.9 26.5 22.9 19.7 16.6 14.9
1,050 50 41.9 37 32.9 28.9 25.0 21.6 18.2 15.5 13.0 11:0
1,100 45 35.2 31 27.2 23.9 20.3 17.3 14.5 12.3 10.2 86
1,150 38 29.5 26 22.5 193 16.5 13.9 11.6 9.6 8.0 6.6
1,200 32 24.7 21.5 18.6 15.9 13.4 111 9.2 7.6 62 5.0
1,250 27 20.7 17.9 15.4 13 10.8 8.9 7.3 6.0 49 4.0
1,300 23 17.4 15 12.7 10.5 8.8 7.2 5.8 4.8 3.8 3.1
1,350 19.5 14.6 12.6 10.6 8.8 7.2 5.8 4.6 3.8 3.0 2.4
1,400 16.5 12.1 10.3 8.8 7.2 5.8 4.7 3.7 3.0 2.3 1.9
1,450 14.0 10.2 8.8 7.3 5.8 4.6 3.8 2.9 23 1.8 1.4
1,500 12.0 8.6 7.2 6.0 4.9 3.8 3.0 2.4 1.8 1.4 1.1
SI Units
Temp.,°C 1h 10 h 30 h 102h 3x102h 10°h 3x10°h V.10*h 3x10*h 10°h 3 x10°h
425 393 393 393 393 393 393 393 393 354 308 272
450 390 390 390 390 390 390 353 325 287 249 219
475 385 385 385 385 364 340 300 265 232 201 176
500 377 377 363 350 317 284 250 217 188 161 140
525 368 358 328 301 267 236 205 177 153 129 114
550 355 321 285 254 223 195 168 144 124 104 91
575 333 274 241 214 188 161 139 113 100 83 59
600 298 233 205 180 157 134 113 95 80 66 56
625 256 198 175 151 130 111 93 78 64 53 44
650 220 169 147 127 110 92 77 63 52 43 34
675 189 145 125 108 91 75 62 51 42 35 28
700 162 123 106 91 75 63 52 41 34 27 22
725 140 106 91 77 64 53 43 34 28 22 18
750 121 89 77 67 54 44 35 28 23 18 14
775 105 76 66 55 45 36 29 23 18 14 11
800 91 65 56 46 37 29 24 19 14 10 9
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Figure HBB-1-14.6B
Minimum Stress-to-Rupture
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Table HBB-I1-14.6B
Expected Minimum Stress-to-Rupture Values, 1,000 psi (MPa), Type 316 SS

U.S. Customary Units
Temp.,°F 1hr 10hr 30hr 102hr 3x102hr 10°hr 3 x10°hr 10*hr 3 x10*hr 10°hr 3 x 10°hr

800 64.5 64.5 64.5 64.5 64.5 64.5 64.5 64.5 64.5 64.5 64.5
850 63.3 63.3 63.3 63.3 63.3 63.3 63.3 63.3 60 56 52
900 62.2 62.2 62.2 62.2 62.1 62 58 54.1 48 426 38
950 60 60 60 60 56 51.6 46.5 42,6 37.5 32.4 28.3

1,000 58.5 58.5 55 51.7 47 421 37.5 33.6 28.8 24.6 21

1,050 56 52.9 475 43.4 38.2 34.4 30.2 26.4 22.3 18.8 16

1,100 53.5 45.1 40 36.4 32.2 28.1 24.2 20.8 17.3 14.3 117
1,150 46.5 38.4 34 30.5 26.6 23.0 19.5 16.4 13.4 10.9 8.8
1,200 40 32.7 29 25.6 22 18.8 15.6 12.9 10.3 83 6.7
1,250 35 27.8 24.3 21.4 18.1 15.4 12.7 10.2 8.1 6.3 49
1,300 30 23.7 20.8 18.0 15 12,5 10.0 8.0 6.2 4.8 3.7
1,350 26 20.0 17.5 15.0 12.7 10.4 8.2 6.4 49 3.6 2.7
1,400 22.5 17.1 14.8 12.4 10.2 8.4 6.6 5.0 3.8 2.8 21
1,450 19.5 14.6 12.6 10.5 8.6 6.8 5.2 3.9 2.9 2.1 15
1,500 17 12.5 10.6 8.8 7.2 5.6 4.2 3.1 2.3 1.6 1.2

SI Units
Temp.,°C 1h 10 h 30 h 102h 3x102h 10°h 3x10°h V.10*h 3x10*h 10°h 3 x10°h

425 445 445 445 445 445 445 445 445 445 445 445
450 437 437 437 437 437 437 437 437 419 395 372
475 431 431 431 431 430 429 409 389 352 317 286
500 419 419 419 419 401 38% 349 322 285 248 219
525 406 406 388 371 340 307 275 248 226 183 158
550 393 381 350 323 289 268 230 203 173 147 125
575 380 347 311 283 249 223 194 169 142 120 100
600 357 300 266 241 212 185 159 136 112 94 79
625 315 259 229 205 179 155 130 110 89 72 59
650 275 224 199 176 151 129 107 88 70 57 46
675 244 194 170 150 127 108 89 71 57 44 35
700 212 167 147 128 106 89 72 57 45 34 27
725 186 144 127 108 92 76 60 47 36 27 21
750 163 125 109 91 76 63 50 38 29 21 16
775 144 109 g4 78 64 52 41 30 23 16 12
800 124 92 79 65 54 42 32 24 18 12 9
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Figure HBB-1-14.6C
Minimum Stress-to-Rupture — Ni-Fe-Cr (Alloy 800H)
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Table HBB-1-14.6C
Expected Minimum Stress-to-Rupture Values, ksi (MPa), Ni-Fe-Cr (Alloy 800H)

U.S. Customary Units

Temp.,
°F 1hr 3hr 10hr 30hr 100 hr 300 hr 1,000 hr 3,000 hr 10,000 hr 30,000 hr 100,000 hr 300,000 hr 500,000 hr|
800 56.2 562 56.2 56.2 56.2 56.2 56.2 56.2 56.2 56.2 51.9 459 43.3
850 559 559 559 55.9 55.9 55.9 55.9 55.9 55.9 49.6 43.0 37.8 35.6,
900 55,6 55.6 55.6 55.6 55.6 55.6 55.6 53.0 45.8 40.1 34.5 30.2 28.3
950 553 553 553 55.3 55.3 55.3 49.8 43.4 37.2 323 27.7 24.0 22.5
1,000 54.7 547 547 54.7 54.7 47.9 40.9 354 30.1 26.0 221 19.1 17.8
1,050 50.2 502 50.2 50.2 45.9 39.5 335 28.8 24.4 20.9 17.7 15.1 14.1
1,100 484 484 484 45.0 38.0 32.5 27.4 234 19.7 16.8 14.1 12.0 111
1,150 463 463 44.0 37.5 315 26.8 22.4 19.0 15.9 13.4 11.2 95 8.7
1,200 439 439 368 31.2 26.0 22.0 18.3 15.4 12.8 10.7 8.9 7.5 6.9
1,250 411 371 308 259 215 18.0 14.9 12.5 10.3 8.6 7.0 59 5.4
1,300 372 312 257 21.5 17.7 14.8 12.1 10.1 8.2 6.8 5.6 4.6 4.2
1,350 314 262 215 17.8 14.6 121 9.8 8.1 6.6 5.4 44 3.6 3.3
1,400 26.5 22.0 17.9 14.8 12.0 9.9 8.0 6.5 5.3 4.3 3.4 2.8 2.6
1,450 224 184 149 12.2 9.8 8.0 6.4 5.2 4.2 3.4 2.7 2.2 2.0
1,500 189 154 124 10.1 8.0 6.5 5.2 4.2 3.3 2.7 2.1 1.7 1.5
1,550 159 129 103 8.3 6.6 5.3 4.2 3.4 2.6 2.1 1.6 1.3 1.2
1,600 13.3 108 8.5 6.8 5.4 4.3 3.4 2.7 2.1 1.7 1.3 1.0 0.91
1,650 11.2 9.0 7.0 5.6 4.4 3.5 2.7 2.1 1.6 1.3 1.0 0.78 0.70
SI Units
Temp.,
°C 1h 3h 10 h 30h 100h 300h 1000h 3000h{)10000h 30000h 100000h 300000h 500000h
425 387 387 387 387 387 387 387 387 387 387 374 330 312
450 385 385 385 385 385 385 385 385 385 354 307 270 254
475 384 384 384 384 384 384 384 384 333 292 252 220 207
500 382 382 382 382 382 382 369 321 276 241 207 180 168
525 379 379 379 379 379 361 309 268 229 198 169 146 137
550 352 352 352 352 351 303 258 223 189 163 138 119 111
575 342 342 342 342 297 255 216 185 156 134 113 96 90
600 331 331 331 297 250 214 180 154 129 110 92 78 72
625 317 317 296 252 211 180 150 127 106 90 75 63 58
650 302 302 252 214 178 150 125 105 87 73 61 51 47
675 285 259 215 181 150 126 104 87 72 60 49 41 38
700 264 221 183 153 126 105 86 72 59 49 40 33 30
725 227 189 155 129 106 88 71 59 48 40 32 26 24
750 195 162 132 109 89 73 59 49 39 32 26 21 19
775 167 138 112 92 74 61 49 40 32 26 21 17 15
800 143 118 95 77 62 51 40 33 26 21 17 13 12
825 123 100 80 65 52 42 33 27 21 17 13 11 9.7
850 105 85 68 55 43 35 27 22 17 14 11 8.5 7.6
875 90 72 57 46 36 29 23 18 14 11 8.5 6.7 6.0
900 77 61 48 38 30 24 18 15 11 8.9 6.8 5.3 4.7
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Figure HBB-1-14.6D
27,Cr-1Mo — 100% of the Minimum Stress-to-Rupture
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Table HBB-1-14.6D
27,Cr-1Mo — Expected Minimum Stress-to-Rupture Vatues, ksi (MPa)

U.S. Customary Units
Temp.,°F  10hr  30hr 10°hr 3x10°hr 10°hr 3x10°hr \10Yhr 3x10*hr 10°hr 3 x10°hr

700 59.0 59.0 59.0 59.0 59.0 59.0 59.0 59.0 54.0 49.0
750 58.0 57.0 56.0 54.6 53.0 512 48.0 433 375 34.1
800 56.0 55.5 54.0 485 43.0 37,5 345 30.5 27.0 24.0
850 52.0 50.5 46.0 40.5 35.0 31.0 275 24.0 21.0 185
900 46.0 41.0 36.0 32,0 28.0 25.0 216 19.0 16.4 14.1
950 40.0 35.0 30.0 26.0 22.2 19.5 17.0 14.6 126 11.0

1,000 315 275 24.0 21.0 179 15.2 131 11.0 9.4 7.9
1,050 26.0 225 19.0 16.5 14.0 12.0 10.0 8.3 7.0 5.8
1,100 21.0 18.0 15.1 130 108 9.1 7.5 6.2 5.0 4.1
1,150 17.0 14.1 118 938 8.0
1,200 135 111 9.2 7.6 6.2
SI Units
Temp,°C 10h  30h . 10°h 3x10°h 10°h 3x10°h 10*h 3x10*h 10°h 3x10°h
375 406 405 404 403 401 399 396 392 356 323
400 400 393 386 375 363 350 328 296 256 233
425 387 384 373 337 301 266 245 216 191 170
450 363 353 325 287 249 221 197 172 151 133
475 328 299 265 236 205 183 159 140 121 105
500 291 256 222 194 167 148 128 112 96 83
525 244 214 184 161 137 118 103 88 71 70
550 196 175 150 132 112 96 81 68 58 48
575 168 145 122 106 89 76 63 52 43 36
600 138 117 98 85 69
625 114 94 77 65 52
650 92 76 62 51 43
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Stress, ksi (MPa)

Figure HBB-I-14.6E
Minimum Stress-to-Rupture, Alloy 718
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Table HBB-I-14.6E
Expected Minimum Stress-to-Rupture Values, ksi (MPa),"Ni-Cr-Fe-Mo-Cb (Alloy 718)

U.S. Customary Units

Temp., °F 10 hr 30hr 10 hr 3x10°hr 10°hr 3x10®hr 10*hr 3x10*hr 10°hr 3 x 10°hr
800 168 168 168 168 168 168 168 168 160 154
850 172 172 172 172 172 166 159 151 146 140
900 170 170 170 166 158 151 144 138 130 124
950 170 166 158 150 144 136 129 122 114 106

1,000 160 150 144 136 130 122 114 106 98 90
1,050 146 138 130 124 114 106 98 91 81 74
SI Units
Temp., °C 10 h 30 h 10°h . "3'x 10*h 10°h 3x10%h 10*h 3 x10*h 10°h 3x10°h
425 1160 1160 1160 1160 1160 1160 1160 1160 1100 1060
450 1180 1180 1180 1180 1180 1150 1110 1060 1020 985
475 1180 1180 . 480 1150 1110 1070 1020 974 924 883
500 1170 1150, “~1120 1070 1030 975 926 881 825 775
525 1123 10608 1020 962 920 865 812 759 704 649
550 1050 987 938 891 833 778 723 672 609 558
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Stress, ksi (MPa)

Figure HBB-I-14.6F

9Cr-1Mo-V — Expected Minimum Stress-to-Rupture, ksi (MPa)
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Table HBB-I-14.6F
9Cr-1Mo-V, S, — Expected Minimum Stress-to-Rupture Values, ksi (MPa)

U.S. Customary Units

Temp,°F 10hr 30hr 102 hr 3x102hr 10°hr 3x10°hr 10*hr 3 x10*hr 10°hr 3 x 10°hr 5 x 10° hr

700 71.0 71.0 71.0 71.0 71.0 71.0 71.0 71.0 68.8 66.0 64.7
750 69.0 69.0 69.0 69.0 69.0 68.9 65.7 62.8 59.7 56.9 55.6
800 66.5 66.5 66.5 66.5 63.2 60.2 57.0 54.2 51.1 48.4 47.1
850 63.4 63.4 61.2 58.1 54.9 51.9 48.8 46.0 43.0 40.3 39.1
900 59.7 56.6 53.2 50.0 46.6 43.7 40.6 37.9 35.2 32.0 30.0
950 51.2 47.9 44.5 415 38.5 35.8 33.1 30.7 27.8 23.8 2241

1,000 42.8 39.9 36.8 34.1 31.4 29.0 26.6 24.5 20.6 17.3 15.9
1,050 35.6 32.9 30.1 27.7 25.3 23.2 21.1 18.1 14.8 12.2 111
1,100 29.2 26.8 24.4 223 20.1 18.2 15.9 13.0 10.4 8'3 7.4
1,150 23.7 21.6 19.4 17.6 15.5 13.5 11.3 9.0 6.9 5.3 46
1,200 19.0 171 15.2 13.3 114 9.9 7.8 6.0 4.3 3.1 2.6
SI Units
Temp.,°C 10 h 30 h 10°h 3x10*°h 10°h 3x10°h 10*h 3x10*h "10°h 3x10°h 5x10°h
375 487 487 487 487 487 487 487 487 465 446 437
400 475 475 475 475 475 473 451 437 409 390 381
425 459 459 459 459 439 419 397 377 356 337 328
450 440 440 431 410 387 367 345 326 305 287 278
475 419 404 381 360 338 317 295 276 257 238 223
500 374 353 329 307 285 266 247 229 212 183 171
525 322 301 278 259 239 222 204 189 163 139 128
550 274 251 234 216 198 178 166 149 123 103 94
575 231 213 194 179 163 149 133 112 91 74 67
600 192 176 160 146 132 117 101 83 65 51 46
625 159 145 130 117 102 89 74 59 45 34 30
650 130 117 104 91 78 67 53 40 29 21 17
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Table HBB-1-14.10A-1
Stress Rupture Factors for Type 304 Stainless Steel Welded With SFA-5.22 E 308T and E 308LT;
SFA-5.4 E 308 and E 308L; and SFA-5.9 ER 308 and ER 308L

U.S. Customary Units
Temp., °F 10 hr 30hr 100 hr 300 hr 1,000 hr 3,000 hr 10,000 hr 30,000 hr 100,000 hr 300,000 hr

850 1.00 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.97 0.97

900 1.00 0.99 0.98 0.97 0.97 0.97 0.97 0.97 0.95 0.94

950 1.00 0.98 0.97 0.96 0.95 0.95 0.95 0.95 0.93 091
1,000 1.00 0.98 0.96 0.94 0.93 0.93 0.93 0.93 091 0.88
1,050 1.00 0.99 0.98 0.97 0.97 0.97 0.97 0.95 091 0.85
1,100 1.00 0.99 0.98 1.00 1.00 1.00 0.99 0.95 0.89 0.82
1,150 1.00 1.00 1.00 1.00 1.00 0.99 0.95 0.90 0.81 0,72
1,200 1.00 1.00 1.00 1.00 0.98 0.95 0.88 0.81 0.71 0.60
1,250 1.00 1.00 0.97 0.97 0.92 0.87 0.78 0.69 0.57 0.46

SI Units
Temp.,°C 10 h 30 h 100 h 300 h 1000 h 3000 h 10000 h 30000 h ,100.000h 300000 h

450 1.00 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.97 0.97
475 1.00 0.99 0.98 0.97 0.97 0.97 0.97 0.97 0.96 0.95
500 1.00 0.98 0.97 0.96 0.96 0.96 0.96 0:96. 0.94 0.92
525 1.00 0.98 0.96 0.95 0.94 0.94 0.94 0.94 0.92 0.89
550 1.00 0.99 0.97 0.96 0.95 0.95 0.95 0.94 091 0.87
575 1.00 0.99 0.98 0.98 0.98 0.98 0.98 0.95 0.90 0.84
600 1.00 0.99 0.98 1.00 1.00 1.00 0,98 0.94 0.87 0.80
625 1.00 1.00 1.00 1.00 1.00 0.98 0.94 0.89 0.80 0.70
650 1.00 1.00 1.00 1.00 0.98 0.95 0.88 0.81 0.71 0.60
675 1.00 1.00 0.97 0.97 0.92 0.88 0.79 0.70 0.58 0.47

Table HBB-1-14.10A-2
Stress Rupture Factors for Type 304 Stainless Steel Welded With SFA-5.22 EXXXT-G (16-8-2
Chemistry); SFA-5.4E 16-8-2; and SFA-5.9 ER 16-8-2

U.S. Customary Units
Temp., °F 10 hr 30hr 100 hr 300hr 1,000 hr 3,000 hr 10,000 hr 30,000 hr 100,000 hr 300,000 hr

850 1.00 1.00 1.00. 1.00 1.00 1.00 1.00 1.00 1.00 1.00

900 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

950 1.00 1.00 1:00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1,000 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1,050 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1,100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1,150 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1,200 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

SI Units
Temp.,°C) * 10 h 30 h 100 h 300 h 1000 h 3000 h 10000 h 30000h 100000h 300000 h

450 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
475 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
500 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
525 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
550 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
575 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
600 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
625 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
650 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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Table HBB-1-14.10A-3
Stress Rupture Factors for Type 304 Stainless Steel Welded With SFA-5.22 E 316T and E 316LT-1, -2,
and -3; SFA-5.4 E 316 and E 316L; and SFA-5.9 ER 316 and ER 316L

U.S. Customary Units
Temp., °F 10 hr 30hr 100 hr 300 hr 1,000 hr 3,000 hr 10,000 hr 30,000 hr 100,000 hr 300,000 hr

850 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.98 0.94

900 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.97 0.95 0.90

950 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.96 0.92 0.86
1,000 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.95 0.89 0.82
1,050 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.97 0.89 0,80
1,100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.89 0:79
1,150 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.96 0.83 0.74
1,200 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.79 0.68
1,250 1.00 1.00 1.00 1.00 1.00 1.00 0.96 0.85 0(72 0.61
1,300 1.00 1.00 1.00 1.00 1.00 1.00 0.89 0.78 0,65 0.54
1,350 1.00 1.00 1.00 1.00 1.00 0.92 0.81 0.70 0.59 0.49
1,400 1.00 1.00 1.00 1.00 0.93 0.85 0.73 0.63 0.51 0.45

SI Units
Temp., °C 10 h 30h 100 h 300 h 1000 h 3000 h 10000 h 30000h 100000h 300000 h

450 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.98 0.95
475 1.00 1.00 1.00 1.00 1.00 1.00 1,00 0.97 0.96 091
500 1.00 1.00 1.00 1.00 1.00 1.00 1:00 0.96 0.93 0.87
525 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.95 0.90 0.84
550 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.96 0.89 0.81
575 1.00 1.00 1.00 1.00 1.00 160 1.00 0.98 0.89 0.79
600 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.97 0.87 0.77
625 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.96 0.84 0.75
650 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.79 0.68
675 1.00 1.00 1.00 1.00 1.00 1.00 0.96 0.86 0.73 0.62
700 1.00 1.00 1.00 1.00 1:00 1.00 0.90 0.79 0.66 0.55
725 1.00 1.00 1.00 1.00 1.00 0.94 0.83 0.72 0.61 0.50
750 1.00 1.00 1.00 1.00 0.95 0.87 0.76 0.65 0.54 0.46
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Table HBB-1-14.10B-1
Stress Rupture Factors for Type 316 Stainless Steel Welded With SFA-5.22 E 308T and E 308L T;
SFA-5.4 E 308 and E 308L; and SFA-5.9 ER 308 and ER 308L

U.S. Customary Units
Temp., °F 10 hr 30hr 100 hr 300 hr 1,000 hr 3,000 hr 10,000 hr 30,000 hr 100,000 hr 300,000 hr

850 1.00 0.98 0.95 0.95 0.95 0.94 0.92 0.92 0.92 0.92

900 1.00 0.94 0.88 0.88 0.88 0.87 0.84 0.84 0.82 0.82

950 1.00 0.90 0.81 0.81 0.81 0.80 0.77 0.76 0.73 0.72
1,000 1.00 0.87 0.75 0.75 0.74 0.73 0.70 0.68 0.64 0.62
1,050 1.00 0.89 0.78 0.78 0.77 0.76 0.74 0.72 0.67 0.60
1,100 1.00 0.90 0.81 0.81 0.79 0.79 0.76 0.73 0.69 0.63
1,150 0.90 0.88 0.86 0.82 0.79 0.77 0.74 0.70 0.64 0;57
1,200 0.81 0.80 0.79 0.79 0.76 0.75 0.70 0.64 0.57 0.49
1,250 0.79 0.78 0.76 0.74 0.72 0.68 0.63 0.56 0.48 0.39
1,300 0.75 0.73 0.70 0.68 0.63 0.59 0.53 0.46 0.38 0.30

SI Units
Temp., °C 10 h 30 h 100 h 300 h 1000 h 3000 h 10000 h 30000 h%\, 100000 h 300000 h

450 1.00 0.98 0.96 0.96 0.96 0.95 0.93 0.93 0.93 0.93
475 1.00 0.95 0.90 0.90 0.90 0.89 0.86 0:86 0.85 0.85
500 1.00 0.91 0.83 0.83 0.83 0.83 0.79 0.79 0.76 0.76
525 1.00 0.88 0.78 0.78 0.77 0.76 0.73 0.72 0.68 0.67
550 1.00 0.88 0.76 0.76 0.75 0.74 0.72 0.70 0.65 0.61
575 1.00 0.89 0.79 0.79 0.78 0.77 0.75 0.72 0.68 0.61
600 0.98 0.90 0.82 0.81 0.79 0.79 0.76 0.72 0.68 0.62
625 0.91 0.88 0.85 0.82 0.79 0.77 0.74 0.70 0.65 0.58
650 0.81 0.80 0.79 0.79 0.76 0.75 0.70 0.64 0.57 0.49
675 0.79 0.78 0.76 0.74 0.73 0.69 0.64 0.57 0.49 0.40
700 0.75 0.74 0.71 0.69 0.64 0:60 0.54 0.47 0.39 0.31
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Table HBB-1-14.10B-2
Stress Rupture Factors for Type 316 Stainless Steel Welded With SFA-5.22 EXXXT-G (16-8-2
Chemistry); SFA-5.4 E 16-8-2; and SFA-5.9 ER 16-8-2

U.S. Customary Units

Temp., °F 10 hr 30hr 100 hr 300 hr 1,000 hr 3,000 hr 10,000 hr 30,000 hr 100,000 hr 300,000 hr

850 1.00 0.96 091 0.91 0.91 0.90 0.89 0.88 0.87 0.86

900 1.00 0.94 0.88 0.82 0.81 0.80 0.77 0.76 0.74 0.72

950 1.00 0.93 0.86 0.86 0.85 0.83 0.83 0.81 0.79 0.78
1,000 1.00 0.93 0.90 0.90 0.90 0.89 0.87 0.87 0.85 0.85
1,050 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.93 0.90 0.86
1,100 0.91 0.91 0.93 0.94 0.94 0.96 0.96 0.96 0.97 0:96
1,150 091 091 0.93 0.95 0.95 0.96 0.98 0.99 0.99 1.00
1,200 0.89 0.89 0.90 0.92 0.93 0.97 0.99 1.00 1.00 1.00

SI Units
Temp., °C 10 h 30 h 100 h 300 h 1000 h 3000 h 10 000 h 30000 h_.~100000h 300000 h

450 1.00 0.97 0.92 0.92 0.92 0.91 091 0.90 0.89 0.88
475 1.00 0.95 0.89 0.84 0.84 0.83 0.80 0179 0.77 0.76
500 1.00 0.93 0.87 0.85 0.84 0.82 0.81 0.79 0.77 0.76
525 1.00 0.93 0.88 0.88 0.88 0.86 0.85 0.84 0.83 0.82
550 0.97 0.93 091 0.91 0.91 0.90 0.89 0.90 0.87 0.85
575 0.92 0.92 0.92 0.93 0.93 0.93 093 0.94 0.92 0.89
600 0.91 0.91 0.93 0.94 0.94 0.96 0.96 0.97 0.97 0.97
625 0.91 091 0.93 0.95 0.95 0.96 0.98 0.99 0.99 1.00
650 0.89 0.89 0.90 0.92 0.93 0.97 0.99 1.00 1.00 1.00

139



https://asmenormdoc.com/api2/?name=ASME BPVC.III.5 (ASME BPVC Section 3 Division 5) 2023.pdf

ASME BPVC.IIL.5-2023

Table HBB-1-14.10B-3
Stress Rupture Factors for Type 316 Stainless Steel Welded With SFA-5.22 E 316T and E 316LT-1 and
-2; SFA-5.4 E 316 and E 316L; and SFA-5.9 ER 316 and ER 316L

U.S. Customary Units
Temp., °F 10 hr 30hr 100 hr 300 hr 1,000 hr 3,000 hr 10,000 hr 30,000 hr 100,000 hr 300,000 hr

850 1.00 1.00 0.99 0.98 0.97 0.96 0.95 0.94 0.92 0.88

900 1.00 1.00 0.97 0.94 0.91 0.89 0.88 0.86 0.82 0.78

950 1.00 1.00 0.95 0.90 0.87 0.84 0.81 0.78 0.72 0.68
1,000 1.00 1.00 0.88 0.86 0.83 0.79 0.74 0.70 0.62 0.58
1,050 1.00 1.00 0.92 0.89 0.87 0.83 0.78 0.74 0.66 0.56
1,100 1.00 1.00 0.96 0.94 0.90 0.87 0.81 0.75 0.68 0.61
1,150 1.00 1.00 1.00 0.96 0.91 0.87 0.81 0.75 0.66 0;59
1,200 1.00 1.00 0.96 0.95 0.90 0.87 0.81 0.72 0.64 0.55
1,250 1.00 1.00 0.96 0.93 0.89 0.84 0.77 0.69 0.60 0.51
1,300 1.00 0.98 0.93 0.89 0.83 0.79 0.72 0.65 0.56 0.48
1,350 0.99 0.96 0.89 0.84 0.77 0.72 0.65 0.59 0.52 0.45
1,400 0.95 0.90 0.82 0.77 0.71 0.66 0.60 0.55 047 0.42

SI Units
Temp.,°C 10 h 30 h 100 h 300 h 1000 h 3000 h 10000 h 30000-h 100000h 300000 h

450 1.00 1.00 0.99 0.98 0.97 0.97 0.96 0.95 0.93 0.90
475 1.00 1.00 0.98 0.96 0.93 091 0.90 0.88 0.85 0.81
500 1.00 1.00 0.96 091 0.88 0.86 0.83 0.81 0.76 0.72
525 1.00 1.00 0.91 0.88 0.85 0.81 0.77 0.74 0.67 0.63
550 1.00 1.00 0.90 0.87 0.85 0.81 0.76 0.72 0.64 0.57
575 1.00 1.00 0.93 0.92 0.88 0.84 0.79 0.74 0.67 0.57
600 1.00 1.00 0.97 0.95 0.90 0.87 0.81 0.75 0.68 0.61
625 1.00 1.00 1.00 0.96 091 0:87 0.81 0.75 0.65 0.58
650 1.00 1.00 0.96 0.95 0.90 0.87 0.81 0.72 0.64 0.55
675 1.00 1.00 0.96 0.93 0.89 0.84 0.77 0.69 0.60 0.51
700 1.00 0.98 0.93 0.90 0.84, 0.80 0.73 0.66 0.57 0.48
725 0.99 0.96 0.90 0.85 0.79 0.74 0.67 0.61 0.53 0.46
750 0.96 0.92 0.84 0.79 0.73 0.69 0.62 0.56 0.49 0.43
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Table HBB-1-14.10C-1
Stress Rupture Factors for Alloy 800H Welded With SFA-5.11 ENiCrFe-2 (INCO A)

U.S. Customary Units

Temp., °F 10 hr 30hr 100 hr 300 hr 1,000 hr 3,000 hr 10,000 hr 30,000 hr 100,000 hr 300,000 hr

850-900 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
950 1.00 1.00 1.00 1.00 0.98 0.95 0.92 0.90 0.86 0.83
1,000 1.00 1.00 1.00 1.00 0.98 0.94 0.90 0.86 0.82 0.78
1,050 1.00 1.00 1.00 1.00 0.98 0.94 0.89 0.85 0.81 0.76
1,100 1.00 1.00 1.00 1.00 0.98 0.94 0.89 0.84 0.79 0.75
1,150 1.00 1.00 1.00 1.00 0.98 0.93 0.88 0.83 0.77 0.72
1,200 1.00 1.00 1.00 1.00 0.98 0.93 0.87 0.81 0.75 0,70
1,250 1.00 1.00 1.00 1.00 0.98 0.92 0.85 0.80 0.73 0.68
1,300 1.00 1.00 1.00 1.00 0.97 091 0.84 0.77 0.71 0.65
1,350 1.00 1.00 1.00 1.00 0.96 0.89 0.82 0.75 0,68 0.62
1,400 1.00 1.00 1.00 1.00 0.95 0.87 0.80 0.73 0.65 0.59
SI Units

Temp., °C 10 h 30 h 100 h 300 h 1000 h 3000 h 10000 h 30000 100000h 300000h
450-475 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100 1.00 1.00
500 1.00 1.00 1.00 1.00 0.99 0.97 0.95 0.94 091 0.89
525 1.00 1.00 1.00 1.00 0.98 0.94 091 0.88 0.84 0.80
550 1.00 1.00 1.00 1.00 0.98 0.94 0.90 0.86 0.82 0.77
575 1.00 1.00 1.00 1.00 0.98 0.94 0189 0.85 0.80 0.76
600 1.00 1.00 1.00 1.00 0.98 0.94 0.89 0.84 0.79 0.74
625 1.00 1.00 1.00 1.00 0.98 0.93 0.88 0.83 0.77 0.72
650 1.00 1.00 1.00 1.00 0.98 093 0.87 0.81 0.75 0.70
675 1.00 1.00 1.00 1.00 0.98 0.92 0.85 0.80 0.73 0.68
700 1.00 1.00 1.00 1.00 0.97 091 0.84 0.77 0.71 0.65
725 1.00 1.00 1.00 1.00 0.96 0.90 0.83 0.76 0.69 0.63
750 1.00 1.00 1.00 1.00 0.95 0.88 0.81 0.74 0.66 0.60
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Table HBB-1-14.10C-2

Stress Rupture Factors for Alloy 800H Welded With SFA-5.14 ERNiCr-3 (INCO 82)

U.S. Customary Units

Temp., °F 10 hr 30 hr 100 hr 300 hr 1,000 hr 3,000 hr 10,000 hr 30,000 hr 100,000 hr 300,000 hr
850-900 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
950 0.89 0.90 0.90 0.90 0.89 0.89 0.88 0.87 0.86 0.86
1,000 0.85 0.86 0.86 0.86 0.85 0.85 0.84 0.84 0.82 0.81
1,050 0.88 0.88 0.88 0.88 0.87 0.86 0.85 0.84 0.83 0.81
1,100 091 091 0.91 0.90 0.89 0.88 0.87 0.85 0.83 0.81
1,150 0.94 0.93 0.93 0.92 0.90 0.89 0.87 0.85 0.83 0.81
1,200 0.96 0.96 0.95 0.93 0.92 0.90 0.88 0.86 0.83 0.81
1,250 0.99 0.98 0.96 0.95 0.93 0.91 0.88 0.85 0.82 0.80
1,300 1.00 1.00 0.98 0.96 0.93 091 0.88 0.85 0.82 078
1,350 1.00 1.00 0.99 0.96 0.94 091 0.87 0.84 0.77 0.68
1,400 1.00 1.00 1.00 0.97 0.94 0.89 0.79 0.71 0.62 0.54

SI Units

Temp., °C 10 h 30 h 100 h 300 h 1000 h 3000 h 10000 h 30000 h¢,<100000h 300000 h
450-475 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
500 0.93 0.94 0.94 0.94 0.93 0.93 0.92 0:92 091 0.91
525 0.87 0.88 0.88 0.88 0.87 0.87 0.86 0.85 0.84 0.83
550 0.86 0.87 0.87 0.87 0.86 0.85 0.84 0.84 0.82 0.81
575 0.89 0.89 0.89 0.89 0.88 0.88 0.86 0.84 0.83 0.81
600 0.92 0.92 0.92 091 0.89 0.88 0.87 0.85 0.83 0.81
625 0.94 0.93 0.93 0.92 0.90 0.89 0.87 0.85 0.83 0.81
650 0.96 0.96 0.95 0.93 0.92 0.90 0.88 0.86 0.83 0.81
675 0.99 0.98 0.96 0.95 0.93 0.9% 0.88 0.85 0.82 0.80
700 1.00 1.00 0.98 0.96 0.93 0.91 0.88 0.85 0.82 0.78
725 1.00 1.00 0.99 0.96 0.94 091 0.87 0.84 0.78 0.71
750 1.00 1.00 1.00 0.97 0.94 0.90 0.82 0.76 0.67 0.59
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Table HBB-I1-14.10D-1
Stress Rupture Factors for 27,Cr-1Mo (60/30) Welded With SFA-5.28 E 90C-B3; SFA-5.28 ER 90S-B3;
SFA-5.5 E 90XX-B3 (>0.05C); SFA-5.23 EB 3; SFA-5.23 ECB 3 (>0.05C); SFA-5.29 E 90T1-B3 (>0.05C)

U.S. Customary Units
Temp., °F 10 hr 30hr 100 hr 300 hr 1,000 hr 3,000 hr 10,000 hr 30,000 hr 100,000 hr 300,000 hr

750-850 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
900 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99
950 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.96
1,000 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.96 0.93
1,050 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.95 091 0.87
1,100 1.00 1.00 1.00 1.00 1.00 0.98 0.94 0.90 0.86 0:81
1,150 1.00 1.00 1.00 1.00 0.98 0.94 0.89 0.85 0.79 0.74
1,200 1.00 1.00 1.00 0.98 0.93 0.89 0.83 0.78 0.71 0.66
SI Units

Temp., °C 10 h 30h 100 h 300 h 1000 h 3000 h 10000 h 30000 h."100000h 300000 h
400-450 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
475 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100 1.00 0.99
500 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1:00 0.99 0.97
525 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.97 0.94
550 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.97 0.94 0.90
575 1.00 1.00 1.00 1.00 1.00 0.99 0.97. 0.93 0.89 0.85
600 1.00 1.00 1.00 1.00 0.99 0.97 093 0.89 0.84 0.79
625 1.00 1.00 1.00 1.00 0.98 0.94 0.90 0.86 0.80 0.75
650 1.00 1.00 1.00 0.98 0.93 0.89 0.83 0.78 0.71 0.66
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Table HBB-I-14.10E-1
Stress Rupture Factors for 9Cr-1Mo-V Welded With SFA-5.28 ER90S-B91; SFA-5.5 E90XX-B91;
SFA-5.23 EB91

U.S. Customary Units

Temp., °F 10 hr 30hr 100 hr 300hr 1,000 hr 3,000 hr 10,000 hr 30,000 hr 100,000 hr 300,000 hr 500,000 hr

800 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.97 0.96 0.96
850 1.00 1.00 1.00 1.00 1.00 0.99 0.98 0.97 0.95 0.94 0.94
900 1.00 1.00 1.00 1.00 0.99 0.98 0.96 0.95 0.94 0.92 0.92
950 1.00 1.00 1.00 0.99 0.97 0.96 0.95 0.93 0.92 091 0.88
1,000 1.00 1.00 0.99 0.97 0.96 0.95 0.93 0.91 0.84 0.79 0.77
1,050 1.00 0.99 0.98 0.96 0.95 0.93 0.87 0.79 0.74 0.72 0.71.
1,100 0.99 0.98 0.96 0.95 0.92 0.85 0.75 0.71 0.69 0.68 068
1,150 0.99 0.97 0.95 0.92 0.84 0.75 0.68 0.67 0.67 0.67 0167
1,200 0.97 0.95 0.90 0.84 0.76 0.69 0.65 0.65 0.65 0.65 0.65
SI Units
Temp., °C 10 h 30 h 100h 300h 1000 h 3000 h 10000 h 30000h 100000 h <300000h 500000 h
425 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.97 0.96 0.96
450 1.00 1.00 1.00 1.00 1.00 0.99 0.98 0.97 096 0.94 0.94
475 1.00 1.00 1.00 1.00 0.99 0.98 0.97 0.95 0:94 0.93 0.92
500 1.00 1.00 1.00 0.99 0.98 0.97 0.95 0.94 0.93 0.92 0.92
525 1.00 1.00 0.99 0.98 0.97 0.95 0.94 0.92 0.90 0.84 0.82
550 1.00 0.99 0.98 0.97 0.95 0.94 0.92 0.85 0.79 0.75 0.74
575 1.00 0.99 0.97 0.96 0.94 0.92 0.82 0:76 0.72 0.70 0.70
600 0.99 0.98 0.96 0.94 0.92 0.82 0.72 0.70 0.68 0.68 0.68
625 0.98 0.97 0.94 091 0.82 0.74 0.67 0.66 0.66 0.66 0.66
650 0.97 0.94 0.90 0.84 0.75 0.68 0.65 0.65 0.65 0.65 0.65

GENERAL NOTES:

(a) Longitudinal seam welds are not recommended above 1,000°F (537°C)\and the tabulated values are not applicable for such welds
for service temperatures greater than 1,000°F (537°C). For longitudinal seam welds operating above 1,000°F (537°C) appropriate
stress rupture factors shall be included in the Design Specifications and justified in the Design Report.

(b) The values in this table are extrapolated from shorter termitest data using an engineering model. For longer design lives, the de-
signer should consider further strength reductions to account for potential in-service material degradation per HBB-2160(a). In
addition, enhanced material surveillance programs and/or heightened in-service inspection per the rules of Section XI may be
warranted.

Table HBB-1-14.11
Permissible Materials for Bolting

Material Spec. No. Grades
Type 304 SS SA-193 B8, Class 1 and B8A, Class 1A [Note (1)]
Type 316'SS SA-193  B8M, Class 1 and B8MA, Class 1A [Note (1)]
Ni-Ct-Fe-Mo-Cb SB-637  NO 7718

Alloy 718
[Note (2)], [Note (3)], [Note (4)]

GENERAL NOTE: If bolting temperatures do not exceed those given in Section II, Part D, Sub-
part 1, Table 4 for the bolting material, the S, values in Section II, Part D, Subpart 1, Table 4
shall apply. For elevated temperatures, the list of materials shown above can be used in bolt-
ing applications.

NOTES:

(1) For use at temperatures above 1,000°F (540°C), these materials may be used only if the
material is heat treated by heating to a minimum temperature of 1,900°F (1 040°C) and
quenching in water or rapidly cooling by other means.

(2) Maximum forging diameter shall be limited to 6 in. (150 mm).

(3) Welding is not permitted.

(4) Precautionary Note: In use of Alloy 718, consideration shall be given to a reduction in
toughness caused by long-term exposure at a temperature of 1,000°F (540°C) or greater.
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Table HBB-1-14.12
S, Values for Design Conditions Calculation of Bolting Materials S, Maximum Allowable Stress
Intensity, ksi (MPa)

U.S. Customary Units SI Units

For Metal Temperature Alloy For Metal Temperature Alloy
Not Exceeding, °F 304SS 316 SS 718 Not Exceeding, °C 304SS 316 SS 718
800 5.5 5.8 333 425 38 40 230
850 5.5 5.8 33.1 450 38 40 228
900 5.4 5.7 329 475 37 39 227
950 5.3 5.7 32.6 500 37 39 226
1,000 5.2 5.6 323 525 36 39 224
1,050 5.1 5.6 32.0 550 35 39 222

1,100 4.9 5.5 575 35 39

1,150 4.8 5.4 600 34 38

1,200 4.7 5.4 625 33 37

1,250 4.7 5.3 650 32 37

1,300 3.7 4.1 675 32 37

700 27 29

Stress, ksi (MPa)

Figure HBB-1-14.13A
Smt — Allowable Stress Intensity, Type 304 SS, Bolting
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Figure HBB-1-14.13B

St — Allowable Stress Intensity, Type 316 SS, Bolting
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Figure HBB-I-14.13C
St — Allowable Stress, Alloy 718, Bolting
60 (413)
50 (344)
10-100 hr
40 (275) 3x10% 4
= 103
a \\ 3x 103
% \ 10t S
£ 30(206) 3x10% |
3’; 10°
o 3x 108
&
20 (138)
10 (69)
0(0)
800 850 900 950 1,000 1,050 1,100
(427)  (454)  (482)  (510)  (538)  (566)  (593)

146



https://asmenormdoc.com/api2/?name=ASME BPVC.III.5 (ASME BPVC Section 3 Division 5) 2023.pdf

ASME BPVC.IIL.5-2023

Table HBB-1-14.13C

Smt — Allowable Stress Values, ksi (MPa), Alloy 718, Bolting

U.S. Customary Units

Temp,°F 10hr 30hr 10 hr 3x10’hr 10°hr 3x10°hr 10*hr 3 x10*hr 10°hr 3 x 10° hr
800 44.4 44.4 44.4 44.4 44.4 44.4 44.4 44.4 44.4 44.4
850 44.1 44.1 44.1 44.1 44.1 44.1 44.1 44.1 44.1 44.1
900 43.8 438 43.8 438 43.8 43.8 43.8 43.8 433 433
950 43.5 43.5 43.5 435 435 43.5 43.0 40.7 38.0 35.3

1,000 43.1 43.1 43.1 43.1 43.1 40.7 38.0 35.3 327 30.0
1,050 42.7 42.7 42.7 413 38.0 35.3 32.7 30.3 27.0 247
SI Units
Temp.,°C 10 h 30h 10°h  3x10%h 10° h 3x10%h 10* h 3x10*h 10°h 3x105h
425 306 306 306 306 306 306 306 306 306 306
450 304 304 304 304 304 304 304 304 304 304
475 303 303 303 303 303 303 303 303 300 300
500 301 301 301 301 301 301 298 288 275 263
525 298 298 298 298 298 290 282 264 242 224
550 296 296 296 292 282 265 250 228 208 191
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MANDATORY APPENDIX HBB-II
USE OF SA-533 TYPE B, CLASS 1 PLATE AND SA-508 GRADE 3,
CLASS 1 FORGINGS AND THEIR WELDMENTS FOR LIMITED
ELEVATED TEMPERATURE SERVICE

ARTICLE HBB-11-1000
SCOPE

Class A nuclear components, fabricated from SA-533 associated with Level B, C;-and D Service Limits in accor-
Type B, Class 1 plates; SA-508 Grade 3, Class 1 forgings; dance with the considerations in Articles HBB-11-2000
and their weldments may be used when metal tempera- and HBB-II-7000.
tures exceed 700°F (370°C) during operating conditions
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ARTICLE HBB-11-2000
MATERIAL

The rules for materials in Division 1, Article NB-2000 (b) The allowable stress intensities in‘Table
and in Article HBB-2000 for Class A components in ele- HBB-1I-3000-3 of this Appendix shall be considéred as ex-
vated temperature service shall apply to the materials tensions to the values of Section II, Part\D,"Subpart 1,
of this Appendix with the following additions: Table 2A for the materials and conditions-addressed by

(a) The material specifications permitted by this this Appendix.

Appendix are SA-533 Type B, Class 1; SA-508 Grade 3,
Class 1; and their weldments.
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ARTICLE HBB-11-3000
DESIGN

The rules for design are presented in (a) through (i).
Refer to Figures HBB-11-3000-1 through HBB-I11-3000-14
and Tables HBB-1I-3000-1 through HBB-II-3000-8.

(a) The design rules of Division 1, Article NB-3000 shall
be satisfied for all Design, Service, and Test Loadings for
which metal temperatures do not exceed 700°F (370°C).
The design conditions shall be as defined in Division 1,
Article NB-3000.

(b) Metal temperatures exceeding 700°F (370°C) are
permitted only for loadings associated with Level B, C,
and D Service Limits. The applicable rules of Article
HBB-3000 shall be satisfied for these conditions.

(c) Metal temperatures shall not exceed 800°F (425°C)
for loadings associated with Level B Service Limits. Metal
temperatures shall not exceed 1,000°F (540°C) for load-
ings associated with Level C or Level D Service Limits.

(d) The component design shall be based on a maxi-
mum cumulative time of 3,000 hr at metal temperatures
in the range of 700°F (370°C) to 800°F (425°C) and
1,000 hr at metal temperatures exceeding 800°F
(425°C) up to 1,000°F (540°C).

(e) The number of anticipated operating conditions
where metal temperatures exceed 800°F (425°C)<hall
be limited to a total of three.

(f) The creep-fatigue interaction damage envelope
shown in Figure HBB-11-3000-12 shall be used\for the ma-
terials of this Appendix.

(g) The mechanical and physical property values at'ele-
vated temperatures are provided in the figures and:tables
of this Appendix. The properties include

(1) isochronous stress-strain curves

(2) yield strengths

(3) stress-to-rupture values

(4) elevated temperature fatigue strength

(5) moduli of elasticity

(6) instantaneous and.mean coefficients of thermal
expansion

(h) The stress rupturedfactors for welds shall have a val-
ue of 1.0 for the{materials and conditions of this
Appendix.

(i) In addifion, the sum of the creep damage and fati-
gue damage) summed over the entire lifetime, shall not
exceed-the limit of Figure HBB-11-3000-12 anywhere in
the structure. When performing the creep-fatigue inter-
action analysis, load history effects and residual stresses
from prior low-temperature operation shall be consid-
ered in the evaluation. Since the fatigue curve at tempera-
tures above 700°F (370°C) is more restrictive than that
for temperatures below 700°F (370°C), strain cycles that
have one extremum at elevated temperature and one ex-
tremum at low temperature shall be evaluated using the
values in Figure HBB-II-3000-11 and Table
HBB-11-3000-8.
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Figure HBB-11-3000-1
St Values for SA-533 Type B, Class 1 and SA-508 Grade 3, Class 1
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Figure HBB-11-3000-2
S: Allowable Stress Intensity Values for SA-533 Type B, Class 1 and SA-508 Grade 3, Class 1
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Stress, ksi (MPa)

Figure HBB-11-3000-3

Stress-to-Rupture (Minimum) for SA-533 Type B, Class 1 and SA-508 Grade 3, Class 1
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Stress, ksi (MPa)

Figure HBB-11-3000-4
Isochronous Stress-Strain Curves for 700°F (371°C) for SA-533 Type B, Class 1 and SA-508 Grade 3,
Class 1
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Figure HBB-11-3000-5
Isochronous Stress-Strain Curves for 750°F (399°C) for SA-533 Type B, Class 1 and SA-508 Grade 3,
Class 1
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Figure HBB-11-3000-6

Isochronous Stress-Strain Curves for 800°F (427°C) for SA-533 Type B, Class 1 and SA-508 Grade 3,

Stress, ksi (MPa)
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Figure HBB-11-3000-7
Isochronous Stress-Strain Curves for 850°F (454°C) for SA-533 Type B, Class 1 and SA-508 Grade 3,
Class 1
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Figure HBB-11-3000-8

Isochronous Stress—Strain Curves for 900°F (482°C) for SA-533 Type B, Class 1 and SA-508 Grade 3,

Stress, ksi (MPa)
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Stress, ksi (MPa)

Figure HBB-11-3000-9

Isochronous Stress—Strain Curves for 950°F (510°C) for SA-533 Type B, Class 1 and SA-508 Grade 3,

Class 1
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Figure HBB-11-3000-10
Isochronous Stress—Strain Curves for 1,000°F (538°C) for SA-533 Type B, Class 1 and SA-508 Grade 3,

Class 1
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Strain range, £, in./in. (mm/mm)

Design Fatigue Strain Range for SA-533 Type B, Class 1 and SA-508 Grade 3, Class 1
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Z(t/Td)

Figure HBB-11-3000-12

Creep-Fatigue Damage Envelope for SA-533 Type B, Class 1 and SA-508 Grade 3, Class 1
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Stress, ksi(MPa)

Figure HBB-11-3000-13
S; Versus Time-Isothermal Curves for SA-533 Type B, Class 1 and SA-508 Grade 3, Class 1
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Figure HBB-11-3000-14
Minimum Stress Rupture as a Function of Time and Temperature for SA-533 Type B, Class 1 and SA-508
Grade 3, Class 1
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Table HBB-I11-3000-1
Smt — Allowable Stress Intensity Values for SA-533 Type B, Class 1 and SA-508 Grade 3, Class 1,
ksi (MPa)

Time at Temperature, hr

Temperature,
°F (°C) 1 10 30 100 300 1,000 3,000
700 (371) 26.7 (184) 26.7 (184) 26.7 (184) 26.7 (184) 26.7 (184) 26.7 (184) 26.7 (184)
750 (399) 26.7 (184) 26.7 (184) 26.7 (184) 26.7 (184) 26.7 (184) 26.7 (184) 26.7 (184)
800 (427) 26.7 (184) 26.7 (184) 26.7 (184) 26.7 (184) 26.7 (184) 26.7 (184) 26.7 (184)
850 (454) 25:5+(176) 25.5 (176) 25.5 (176) 25.5 (176) 25.5 (176) 25.5 (176)

900 (482) 24.3 (168) 24.3 (168) 24.3 (168) 24.3 (168) 24.3 (168) 24.0 (165)
950 (510) 22.5 (155) 22.5 (155) 22.5 (155) 22.5 (155) 22.0 (152) 16.0 (110)
1,000 (538) 20.7 (143) 20.7 (143) 20.7 (143) 18.0 (124) 14.0 (97) 9.5 (66)

GENERAL NOTE: The S,,, values are the lower of the two stress intensity values, S,, (time independent) and S, (time
depéndent).
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Table HBB-I11-3000-2
S: — Allowable Stress Intensity Values for SA-533 Type B, Class 1 and SA-508 Grade 3, Class 1,

ksi (MPa)
Temperature, Time at Temperature, hr

°F (°C) 1 10 30 100 300 1,000 3,000
700 (371) 54 (372) 54 (372) 54 (372) 53 (365) 53 (365) 52 (358) 49 (338)
750 (399) 54 (372) 54 (372) 54 (372) 52 (358) 49 (338) 47 (324) 45 (310)
800 (427) 54 (372) 53 (365) 50 (345) 48 (331) 44 (303) 40 (276) 36 (248)
850 (454) 53 (365) 49 (338) 46 (317) 41 (283) 37 (255) 32 (221)

900 (482) 49 (338) 43 (296) 39 (269) 34 (234) 29 (200) 24 (165

950 (510) 45 (310) 36 (248) 31 (214) 26 (179) 22 (152) 16 (110)

1,000 (538) 39 (269) 28 (193) 24 (165) 18 (124) 14 (97) 9.5 (66)

Table HBB-11-3000-3
Allowable Stress Intensity Values for SA-533 Type B, Class 1 and SA-508 Grade 3, Class 1, S, Yield
Strength and Tensile Strength Versus Temperature

Temperature, °F (°C) S m, ksi (MPa)
700 (371) 26.7 (184)
750 (399) 26.7 (184)
800 (427) 26.7 (184)
850 (454) 25.5 (176)
900 (482) 24.3 (168)
950 (510) 22.5 (155)
1,000 (538) 20.7 (143)

GENERAL NOTES:
(a) For yield strength, ksi (MPa), se€ Section II, Part D, Subpart 1, Table Y-1.
(b) For tensile strength, ksi (MPa),/seé Section 1], Part D, Subpart 1, Table U.

Table HBB-11-3000-4
Expected Minimum.Stress-to-Rupture Values for SA-533 Type B, Class 1 and SA-508 Grade 3,
Class 1, ksi (MPa)

Temperature, Time to Rupture, hr

°F (°C) 1 10 30 100 300 1,000 3,000 10,000 30,000 100,000
700((371) 80 (552) 80 (552) 80 (552) 79 (545) 78 (538) 77 (531) 74 (510) 70 (482) 66 (455) 60 (414)
750 (399) 80 (552) 80 (552) 78(538) 77 (531) 72 (496) 70 (482) 67 (462) 59 (407) 54 (372) 48 (331)
800 (427) 79 (545) 78 (538) 75(517) 70 (482) 66 (455) 60 (414) 54 (372) 48 (331) 43 (296) 36 (248)
850 (454) 78(538) 72 (496) 69 (476) 61 (421) 56 (386) 50 (345) 44 (303) 37 (255) 31 (214) 23 (159)
900 (482) 72 (496) 63 (434) 59 (407) 51 (352) 45 (310) 38(262) 32 (221) 26(179) 20 (138) 16 (110)
950 (510) 67 (462) 54 (372) 48(331) 41 (283) 34 (234) 27 (186) 22 (152) 17 (117) 12 (83) 9 (62)

1,000 (538) 58 (400) 44 (303) 37 (255) 29 (200) 23 (159) 18 (124) 14 (97) 9.5 (66) 7(48) 4.5 (31)

Table HBB-11-3000-5
Modulus of Elasticity Versus Temperature for SA-533 Type B, Class 1 and SA-508 Grade 3, Class 1

SA-533 Type B, Class 1 (See Section II, Part D, Subpart 2, Table TM-1, Group A)

SA-5Us Grade 5, Llass I [See Section lI, Part U, Subpart £, Table TM-1, Group BJ
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Table HBB-11-3000-6
Instantaneous Coefficient of Thermal Expansion Versus Temperature for SA-533 Type B, Class 1
and SA-508 Grade 3, Class 1

Instantaneous Coefficient of Thermal Expansion
SA-533 Type B, Class 1 SA-508 Grade 3, Class 1
(Mn-Y,Mo-Y,Ni) (%:Ni-Y,Mo-Cr-V)
(See Section 11, Part D, Subpart 2, Table TE-1, Group 2, Column A) (See Section I], Part D, Subpart 2, Table TE-1, Group 1, Column A)

Table HBB-11-3000-7
Mean Coefficient of Thermal Expansion Versus Temperature for SA-533 Type B, Class 1 and SA-508
Grade 3, Class 1

Mean Coefficient of Thermal Expansion
SA-533 Type B, Class 1 SA-508 Grade 3,Class 1
(Mn-"/;Mo-"/;Ni) LNi\SMo-Cr-V)
(See Section I, Part D, Subpart 2, Table TE-1, Group 2, Column B) (See Section II, Part D, Subpant 2, Table TE-1, Group 1, Column B)

GENERAL NOTE: The mean coefficient of thermal expansion at temperature, Txis given by

Length at T — Length at 70°F (20°G)
Length at 70°F (20°C) x [T - 70°F20°C)]

Table HBB-11-3000-8
Design Fatigue Strain Range for SA-533 Type B, Class 1 and SA-508 Grade 3, Class 1 Up to
1,000°F (540°C)

Number of Cycles, Nj Strain Range, E,, in./in. (mm/mm),
[Note (1)] at Temperature

10! 0.030

4 x 10 0.011

102 0.0071

2,X 102 0.0056

4 x 102 0.0048

103 0.0042

2 x 103 0.0037
4x10% 0.0027

10* 0.0021

2 x 10* 0.00190

4 x 10* 0.00170

10° 0.00155

2 x 10° 0.00145

4 x10° 0.00130

10° 0.00120

NOTE:
(1) Cycle strain rate: 1 x 1073/sec.
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ARTICLE HBB-11-4000
FABRICATION AND INSTALLATION

The rules of Article HBB-4000 shall apply.
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ARTICLE HBB-11-5000
EXAMINATION

The rules of Article HBB-5000 shall apply.
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ARTICLE HBB-11-6000
TESTING

The rules of Article HBB-6000 shall apply.
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ARTICLE HBB-11-7000
OVERPRESSURE PROTECTION

The rules of Article HBB-7000 shall apply.
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NONMANDATORY APPENDIX HBB-T
RULES FOR STRAIN, DEFORMATION, AND FATIGUE LIMITS AT
ELEVATED TEMPERATURES

HBB-T-1100 INTRODUCTION
HBB-T-1110 OBJECTIVE

The objective of this Appendix is to provide rules that may be used by Owners and N Certificate'Holders with respect
to evaluation by analysis of strain, deformation, and fatigue limits for components whose load:controlled stresses are
evaluated by the rules of Subsection HB, Subpart B.

HBB-T-1120 GENERAL REQUIREMENTS
HBB-T-1121 Type of Analysis

Where creep effects are presumed significant, inelastic analysis is generally required to provide a quantitative assess-
ment of deformations and strains. However, elastic and simplified inelastic methods of analysis may sometimes be jus-
tified and used to establish conservative bounds for deformations, strains;strain ranges, and maximum stress in order to
reduce the number of locations in a structure requiring detailed inelastic' analysis.

HBB-T-1122 Analysis Required

The rules for design against gross distortion and fatigue are illustrated in Figure HBB-3221-1. The Design Loadings
and Level D Service Loadings are exempted from strain and 'deformation limits as summarized below.

Loadings Requirement
Design No deformation analysis required.
Service Levels A, Apply the strain.and deformation limits of Nonmandatory Appendix HBB-T. Regions not expecting any
B, and C service time,under elevated temperatures may use the secondary stress and fatigue limits of Section III

Appendices, Mandatory Appendix XIII, XIII-3400, and XIII-3500 in place of the rules in HBB-T-1300,
HBB-T«1400, and HBB-T-1700.

Service Level D Strain’and deformation limits not applicable except as necessary to satisfy Level D Service Loadings
fufittional requirements.
Test Consider as additional Level B Service Loadings.

HBB-T-1200 DEFORMATION LIMITS FOR FUNCTIONAL REQUIREMENTS
HBB-T-1210 ‘STATEMENT IN DESIGN SPECIFICATION

Deformation limits to ensure proper component functioning shall be specified in the Design Specification
(NCA-3211:19) for the component or shall be established by the N Certificate Holder for the proper performance of
the component. Any such limits may restrict the design more severely than those specified for load-controlled stresses
in (HBB-3220.

HBB-T-1220 ELASTIC ANALYSIS METHOD

The limitations on loads from the rules and the other limits contained in HBB-3200 are intended to restrict the accu-
mulated inelastic strain (averaged across a wall thickness) to 1% or less. However, when elastic analysis is used, the
occurrence of inelastic strains of this magnitude may not be apparent. If functional deformation requirements are spe-
cified, the designer shall ensure that they are not violated by assuming that strains of 1% occur within the structure in
that distribution which leads to the worst possible deformation state consistent with the directions of loading. If this
deformation state does not lead to deformations greater than the specified limits, then all functional requirements shall

be considered as demonstrated Ior the design.
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HBB-T-1230 USE OF INELCASTIC ANALYSIS

Inelastic analysis of deformations shall be used to demonstrate that deformations do not exceed specified limits, un-
less the elastic method of HBB-T-1220 has demonstrated compliance.

HBB-T-1300 DEFORMATION AND STRAIN LIMITS FOR STRUCTURAL INTEGRITY
HBB-T-1310 LIMITS FOR INELASTIC STRAINS

In regions expecting elevated temperatures, the maximum accumulated inelastic strain shall not exceed the following
values.

(a) strains averaged through the thickness, 1%;

(b) strains at the surface, due to an equivalent linear distribution of strain through the thickness, 2%;

(c) local strains at any point, 5%.

The above limits apply to computed strains accumulated over the expected operating lifetime“of the element under
consideration, and computed for some steady-state period at the end of this time during whighy significant transients
are not occurring. These limits apply to the maximum positive value of the three principal strains. A positive strain
is defined as one for which the length of the element in the direction of the strain is increased. The principal strains
are computed for the strain components (ey, €, €,, €4y, €4, €,,). When the strainds’computed at several locations
through the thickness, the strains are first averaged and linearized on a component\Jevel and then combined to deter-
mine the principal strains for comparison to the limits on average and surface strains defined above. The limits for local
strains are based on the computed strains at the point of interest.

HBB-T-1320 SATISFACTION OF STRAIN LIMITS USING ELASTIC ANALYSIS
HBB-T-1321 General Requirements

The strain limits of HBB-T-1310 are considered to have been satisfied if the limits of any one of HBB-T-1322,
HBB-T-1323, or HBB-T-1324 are satisfied. The guidelines 8f(a) through (d) below should be used in establishing the
appropriate cycle to be evaluated in HBB-T-1322 and HBB-T-1323.

(a) An individual cycle, as defined in the Desigly Specification, cannot be split into subcycles to satisfy these
requirements.

(b) At least one cycle must be defined that includes the maximum secondary stress intensity range, Qr, and the max-
imum value of (P, + P, /K,), which occur during all Level A, B, and C Service Loadings. The value of K, may be deter-
mined using HBB-3223, eq. (c)(6).

(c) Any number of cycles can be grouped together and evaluated according to the conditions of HBB-T-1322 or
HBB-T-1323, whichever is applicable:

(d) The following definitions apply to HBB-T-1322 and HBB-T-1323:

X =P, + &max+5y
K¢

where

(PL + Pb/Kt)max

the maximum value of the primary stress intensity, adjusted for bending via K,, during the cycle
being evaluated

S, = the average of the S, values at the maximum and minimum wall averaged temperatures during the

cycle being evaluated

where

(Qr)max = the maximum range of the secondary stress intensity during the cycle being considered

Sy the average ol the 5, values at the maximum and minimum wall averaged temperatures during the cycle

172


https://asmenormdoc.com/api2/?name=ASME BPVC.III.5 (ASME BPVC Section 3 Division 5) 2023.pdf

ASME BPVC.IIL.5-2023

HBB-1-1322 Test No. A-1
For Test Number A-1:
X +Y <878, (1)
where S, is the lesser of:
(a) 1.25S, using the highest wall averaged temperature during the cycle and a time value of 10* hr, and

(b) the average of the two S, values associated with the maximum and minimum wall averaged temperatures during
the cycle

HBB-T-1323 Test No. A-2
For Test Number A-2:
X +Y <1 (2)

for those cycles during which the average wall temperature at one of the stress extremes defining'the maximum second-
ary stress range (Qpr)max is below the applicable temperature of Table HBB-T-1323.

HBB-T-1324 Test No. A-3

For Test Number A-3, the limits of Section III Appendices, Mandatory Appendix XIII, XIII-3410, XIII-3420, and
XII1-3430 shall be met and, in addition, the requirements of (a) through (c) below-shall be satisfied.

(a)

> <o
i rtig
where
t; = total duration of time during the service lifetime that the.netal is at temperature, T;. Note that the service lifetime
shall never be greater than the sum of all ¢;.
t;g = maximum allowable time as determined by entering Figures HBB-I-14.6A through HBB-I-14.6F at temperature T;

and a stress value of s times the S, associatedwith T;, denoted as s(S,|T;). The values of s and the effective rup-
ture time parameter, r, are given in Table/HBB-T-1324. If s (S, |T;) is above the stress values provided in Figures
HBB-I-14.6A through HBB-I-14.6F, thisitest cannot be satisfied. When s(S,|T;) is below the lowest stress value
provided in Figures HBB-I-14.6A through HBB-1-14.6F, the constant temperature line may be extrapolated to larg-
er t;q values using the steepest slope on Figures HBB-1-14.6A through HBB-I-14.6F for that material.

(b) See below.

Z € <0.2%

1

where ¢; is the creep strain that would be expected from a stress level of 1.255 | T; applied for the total duration of time
during the service lifetinie that the metal is at T;. When the design lifetime is separated into several time periods, then
the service lifetime¢shall not be greater than the sum of all the time periods. That is:

Z ti | T; = service lifetime
i

Table HBB-T-1323
Temperatures at Which S,,, = S; at 10° hr

Material Temp., °F (°C)
Type 304 SS 948 (509)
Type 316 SS 1,011 (544)
Alloy 800H 1,064 (573)
2Y,Cr-1Mo 801 (427)
9Cr-1Mo-V 940 (504)
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Table HBB-T-1324
Values of the r and s Parameters

Material r K
Type 304 SS 1.0 1.5
Type 316 SS 1.0 1.5
Alloy 800H 1.0 1.5
2Y,Cr-1Mo 1.0 1.5
9Cr-1Mo-V 0.1 1.0

(c) For the 3S,, limit in Section III Appendices, Mandatory Appendix XIII, XIII-3410, and XIII-3420, use the'lesser of
3Sm and 3§, where

38, = (1.5S,, + S,y) when only one extreme of the stress difference (that produces the maximum range of the pri-
mary plus secondary stress intensity, P + Q) occurs at a temperature above those coyvered by Division 1, Sub-
section NB rules; (S, + S,;) when both extremes of the stress differences (that definethe maximum range of
P + Q) occur at temperatures above those covered by Division 1, Subsection NB'rtles;

Sru, Sy = relaxation strengths associated with the temperatures at the hot and cold extrémes of the stress cycle. The hot

temperature condition is defined as the maximum operating temperature of-the stress cycle. The hot time is
equal to the portion of service life when wall averaged temperatures éxceed 800°F (425°C) [700°F (370°C)
for 2Y/,Cr-1Mo and 9Cr-1Mo-V]. The cold temperature is defined as.the colder of the two temperatures cor-
responding to the two stress extremes in the stress cycle. The cold time is again equal to the portion of service
life when wall averaged temperatures exceed 800°F (425°C) [700°F (370°C) for 2%/,Cr-1Mo and 9Cr-1Mo-V].

In this criterion, total service life may not be further subdivideddnte temperature-time blocks. The two relaxation
strengths, S,y and S, may be determined by performing a puré uniaxial relaxation analysis starting with an initial
stress of 1.5 S, and holding the initial strain throughout the.tiimé interval equal to the time of service above 800°F
(425°C) [700°F (370°C) for 2%,Cr-1Mo and 9Cr-1Mo-V].

HBB-T-1325 Special Requirements for Piping Components

(a) Piping evaluations using the provisions of \HBB-3651(b) to satisfy the limits of HBB-T-1322, HBB-T-1323, or
HBB-T-1330 shall include the stress term:

E a |ATy|
2(1 - v)

when computing the secondary stress intensity range, Qr. The definitions of E, @, AT, and v are as given in Division 1,
NB-3650.

(b) For purposes of applying the limits of HBB-T-1324 to piping components, satisfaction of the Division 1, NB-3650
requirements may be used.in lieu of meeting Section III Appendices, Mandatory Appendix XIII, XI11-3410, XII1-3420, and

XI11-3430, provided that-S,, is replaced by S, and the ratchet check of Division 1, NB-3653.7 is satisfied whenever:

E a |AT

Sn>3§m —m

S, E, @ AT, and v are defined in Division 1, NB-3650, and Sy, is the lesser of S, or (3S,,) + 3, with 35, as defined in
HBB(TY1324(c).

HBB-T-1330 SATISFACTION OF STRAIN LIMITS USING SIMPLIFIED INELASTIC ANALYSIS
HBB-T-1331 General Requirements

The strain limits of HBB-T-1310 are considered to have been satisfied if the limits of HBB-T-1332 are satisfied in ad-
dition to (a) through (g) below.
(a) HBB-T-1332 contains two tests, B-1 and B-2. Test B-1 shall only be used for structures in which the peak stress is

negligible. I'est b-Z, which 1s more conservative, 1S applicable 10 any structure and [oading.

174



https://asmenormdoc.com/api2/?name=ASME BPVC.III.5 (ASME BPVC Section 3 Division 5) 2023.pdf

ASME BPVC.IIL.5-2023

(b) The individual cycle as defined in the Design Specification cannot be split into subcycles. Unless otherwise speci-
fied (see HBB-3114), earthquakes and other transient conditions should be uniformly distributed over the lifetime of the
plant for this strain evaluation.

(c) As an alternate to the use of HBB-T-1332, the inelastic strains due to any number of selected operational cycles
may be evaluated separately using detailed inelastic analysis. The resulting sum of the inelastic strains must satisfy
the limits of HBB-T-1310.

(d) Secondary stresses with elastic followup (i.e., pressure-induced membrane and bending stresses and thermal in-
duced membrane stresses) are classified as primary stresses for purposes of this evaluation. Alternatively, the strains
due to such stresses may be calculated separately and added to the strains from HBB-T-1332, the sum being limitéd to
the values of HBB-T-1310.

(e) The time used in HBB-T-1332 to enter the isochronous curves for individual cycles or timeblocks shall:always sum
to the entire life regardless of whether all or only part of the cycles are evaluated under these procediires.

(f) For HBB-T-1332, the definitions of X and Y in HBB-T-1321(d) apply except that the S, value is teplaced by the S,
value that corresponds to the lower of the wall averaged temperatures for the stress extremes\defining the secondary
stress range, Qg. The S, ;; value corresponds to the higher of the wall averaged temperatures for the stress extremes
defining the secondary stress range. The above defined extremes denoted by subscripts<€/and H are also referred to
later as the cold and hot ends respectively.

(g) When applying the procedures of HBB-T-1332 (Test No. B-1), wall membrane forces from overall bending of a pipe
section or vessel can be conservatively included as axisymmetrical forces.

HBB-T-1332 Test Nos. B-1 and B-2

(a) These tests can be used to satisfy the strain limits provided thatthe average wall temperature at one of the stress
extremes defining each secondary stress intensity range Qp is below the applicable temperature of Table HBB-T-1323.
The limits of this paragraph restrict the amount of inelastic cfeep strain that can be accumulated over the service life of
the component including Level A, B, and C Service Loadings-so that the strain limits of HBB-T-1310 are not exceeded. In
this paragraph, the elastically calculated primary and_se€ondary stress intensities are used to determine an effective
creep stress 0. =Z - S, which in turn is used to deteriine a total ratcheting creep strain. The dimensionless effective
creep stress parameter Z for any combination of loading is given in Figure HBB-T-1332-1 for Test No. B-1 and in Figure
HBB-T-1332-2 for Test No. B-2.

(b) The creep ratcheting strain is determiined by multiplying o. by 1.25 and evaluating the creep strain associated
with the 1.250 . stress held constant throuighout the temperature-time history of the entire service life. The isochronous
stress-strain curves of HBB-T-1800 shall'be used to obtain the creep ratcheting strain. The total service life may be sub-
divided into temperature-time blocks. The value of 0. may differ from one block to another, but remains constant
throughout each block service time.'When o is reduced at the end of a block of loading, the time of the block of loading
must be longer or equal to the-fime needed for o, to relax at constant total strain to the o, value for the subsequent
block. The creep strain increntent for each block may be evaluated separately. The times used in selecting the isochro-
nous curves shall sum to-the total service life. For each block, the isochronous curves can be entered at the initial strain
accumulated throughout'the prior load history. The creep strain increments for each time-temperature block shall be
added to obtain thetotal ratcheting creep strain. The resulting value shall be limited to 1% for parent metal and
Y,% for weld mietal.

(c) The dimensionless expressions for the effective creep stress parameter is Z = 0./S,, in regimes §4, S3, and P of
Figure HBB:T-1332-1, and:

Z =XY 3)

in'regimes S, and P, and:
zZ =Y +1-2J(1 -X)Y (4)
in regime S1. In regime E, Z = X. The equations defining the boundaries of the regimes P, S1, and S, are shown in Figure

HBB-T-1332-1. Test No. B-1 can only be applied when o is less than the yield stress of S, ;; (see regimes E, §4, S, and
P).

(aj ror Test No. b-Z, the elfective creep stress o, shall be obtained Irom Figure HBB-1-1332-4.
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Figure HBB-T-1332-1
Effective Creep Stress Parameter Z for Simplified Inelastic Analysis Using Test No. B-1
[for use only when the restrictions of HBB-T-1331(a) for Test No. B-1 are met]
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Figure HBB-T-1332-2
Effective Creep Stress Parameter Z for Simplified Inelastic Analysis Using Test No. B-2
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GENERAL NOTE: Applicable to general structures.

HBB-T-1400 CREEP-FATIGUE EVALUATION

HBB-T-1410 GENERAL-REQUIREMENTS
HBB-T-1411 Damage Equation

The combination of Level A, B, and C Service Loadings shall be evaluated for accumulated creep and fatigue damage,
including held time and strain rate effects. For a design to be acceptable, the creep and fatigue damage shall satisfy the
following Felation:

p q
Y[+ 2[5 <p (10)
J=ANg ). k=1Ty
j k
where
D = total creep-fatigue damage
(Ng4); = number of design allowable cycles for cycle type, j, determined from one of the design fatigue curves (Figures

HBB-T-1420-1A through HBB-T-1420-1E) corresponding to the maximum metal temperature occurring during
the cycle. The design fatigue curves were determined from completely reversed loading conditions at strain

(23)

rates greater than, or equal to, those noted on the curves.
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(T4)x = allowable time duration determined from Figures HBB-1-14.6A through HBB-I-14.6F (stress-to-rupture curves)
for a given stress and the maximum temperature at the point of interest and occurring during the time interval,
k. For elastic analysis, the appropriate stress measure is defined in HBB-T-1433. For inelastic analysis, the fol-
lowing equivalent stress quantity should be used:

Op = 6exp{6‘(% - 1]}

where

J1 =01 +0; +03
1,
Sy = [01% + 027 + 037"
1
) Ll
1 (01—0'2) +(O’2—O’3]

NG

Qi

+ (03 - 01)2

and o; (i = 1, 2, or 3) are the principal stresses. The constant C is defined as follows:
(a) For Types 304 and 316 stainless steels, C = 0.24.
(b) For Alloy 800H, C = 0.
(c) For 2%/,Cr-1Mo and 9Cr-1Mo-V:
(1)1f],/Ss 2 1.0, C = 0.16;
(2)1f]1/Ss <1.0,C =0.
For both elastic and inelastic analyses, the allowable time(duration is determined by entering Figures
HBB-1-14.6A through HBB-I-14.6F at that stress value determined by dividing the maximum stress (at
the point of interest during the time interval, k) by the‘factor, K’ (Table HBB-T-1411-1).

(n); = number of applied cycles of cycle type, j
q = number of time intervals (each with a unique stress-témperature combination) needed to represent the spe-
cified elevated temperature service life at the point.of interest for the creep damage calculation
p = number of stress/temperature time histories
(At) = duration of the time interval, k

Note that the sum of the “q” time intervals must'equal or exceed the total specified elevated temperature service life.

HBB-T-1412 Exemption From Fatigue Analysis

The rules in Section III Appendices, Mandatory Appendix XIII, XIII-3510 that permit exemption from fatigue analysis
do not apply to temperatures above thelimits of Division 1, Subsection NB, except where the service loadings have been
qualified as not introducing significant time-dependent effects under the procedure of HBB-3211(c).

HBB-T-1413 Equivalent Strain Range

An equivalent strain.range is used to evaluate the fatigue damage sum for both elastic and inelastic analysis. Concep-
tual guidance on metheds of combining cycles for a cyclic loading histogram is provided in Section III Appendices, Man-
datory Appendix XIII, XIII-3520(e).The cycle counting procedures are described in ASTM E1049 using the original

Table HBB-T-1411-1

KI
Inelastic
Material Elastic Analysis Analysis
Austenitic Stainless Steel 0.9 0.67
Ni-Fe-Cr (Alloy 800H) 0.9 0.67
2Y,Cr-1Mo 0.9 0.67
9Cr-1Mo-V 1.0 0.67
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rainflow cycle counting approach and in API 579-1/ASME FFS-1, using the Wang-Brown cycle counting approach. If
other cycle counting methods are used, technical justification shall be provided in the Design Report. When these meth-
ods are used, the equivalent strain range for cycle counting and fatigue damage sum shall be computed as follows:

Step 1.Calculate all strain components for each point, i, in time (€;, €y, €21, Yxyi» Yyzi» Vzxi) for the complete cycle.
When conducting inelastic analysis, the stress and strain concentration effects of local geometric discontinuities are in-
cluded in this step. When conducting elastic analysis, peak strains arising from geometric discontinuities are not in-
cluded, since these effects are added in the procedures of HBB-T-1432.

Step 2.Select a point when conditions are at an extreme for the cycle, either maximum or minimum. Refer to this time
point by a subscript o. If the extremes for the cycle cannot be identified, then calculate the equivalent strain range/for
each point, 7, in time per Steps 3 and 4. [dentify the time point with maximum equivalent strain range as the new re-
ference point, o. If there are multiple points with the same maximum equivalent strain range, choose the timepoint with
the maximum effective strain (von Mises) as the new reference point, o.

Step 3. Calculate the history of the change in strain components by subtracting the values at the time;¢; from the cor-
responding components at each point in time, i, during the cycle.

Agyi = & — €
Aeyi = € — €y
etc;

Step 4.Calculate the equivalent strain range for each point in time as:

1/2
2 2
(AEXI' - Aey,-) + [Aey,- N Aezi]
V2 ?
A€equiv.i = 2[1 N V*) + (;Ezi - AEXi) (11)
2 2 2
+ E(Ayxyi v AVyzi + Ayzxi]

where

v* = 0.5 when using the rules of HBB-T-1420

v* = 0.3 when using the rules of HBB-T-1430

Step 5.Define A€, .y as the maximum value of the above calculated equivalent strain ranges, A€cquiv.i-
The above five step procedure may be used regardless of whether principal strains change directions. When principal
strains do not rotate, an alternative to*the above sequence is given in HBB-T-1414.

HBB-T-1414 Alternative Calculation Method — Equivalent Strain Range

An alternative calculational-method for equivalent strain range determination — applicable only when principal
strains do not rotate — is_as\follows:

Step 1.No change from~HBB-T-1413, Step 1.

Step 2.Determine.the principal strains versus time for the cycle.

Step 3. At each time interval of Step 2, determine the strain differences €; - €,, €, — €3, €3 — €1.

Step 4.Select(a point when conditions are at an extreme for the cycle, either maximum or minimum. Refer to this time
point by a subscript o. If the extremes for the cycle cannot be identified, then calculate the equivalent strain range for
each point,'in time per Steps 5 and 6. Identify the time point with maximum equivalent strain range as the new re-
ference point, o. If there are multiple points with the same maximum equivalent strain range, choose the time point with
the-maximum effective strain (von Mises) as the new reference point, o.
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Step 5.Determine the history of the change in strain differences by subtracting the values at the time, o, from the cor-
responding values at each point in time, i, during the cycle. Designate these strain difference changes as:

N A I )
A(Gz - 63)1 = (62 - 63]1. - (Ez - 63]0

A(e3 - el)i = (€3 - el]i - (e3 - el)o

Step 6.For each time point, i, calculate the equivalent strain range as:
\/7 2
Beequivi = 5y - @)

2 21/2
+[A(£2 - 83)11 + |:A(S3 - 81)1]}

where v* is defined as in HBB-T-1413.
Step 7.Define Aep, .y as the maximum value of the above calculated equivalent strain’ranges, A€cquiv. ;i

(23) HBB-T-1420 LIMITS USING INELASTIC ANALYSIS

When inelastic analysis is used to satisfy the requirements of HBB-T-1411,\the rules of (a), (b), and (c) below apply.
(a) The creep damage term of eq. HBB-T-1411(10) may also be calculatedyby using the integral form:

t
dt
T
o
When the Design Specification contains a histogram delineating a specific loading sequence, the creep damage shall be
calculated for the cycles described by the histogram. If the,sequence of loading is not defined by the Design Specification,
then the procedures of HBB-T-1433(a) Steps 1, 3, and/8 may be applied to define the stress and temperature histogram.
(b) The fatigue damage term of eq. HBB-T-1411(10) is evaluated by entering a design fatigue curve at the strain range
€.. The strain range €, is defined as €, = A€;,4x; Where A€, is the value calculated in either HBB-T-1413 or
HBB-T-1414. The appropriate design fatigue ‘curve is selected from Figures HBB-T-1420-1A through HBB-T-1420-1E
and corresponds to the maximum metal temperature experienced during the cycle.
(c) The total damage, D, shall not exeeed the creep-fatigue damage envelope of Figure HBB-T-1420-2.
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Figure HBB-T-1420-1A
Design Fatigue Strain Range, €, for 304 SS

107" I
|| s0ass | |
5 For metal temperatures
\\ not exceeding
— 2 N 100° F (40° C)
£ N 800 (425)
E 102 NN 900 (480
= 10 —~ (480)
c 5
= T~
- \§§\\
w N~~~ S N
S /7 |
c 4—1,000 (540) I Ny e ey
© ’ \\
LI 1,100 (595) e —
% 1,200 (650) I
& 5 1,300 (705)
Cycle Strain Rate: 1 X 107 3in./in./sec
2
107 1 2 3 4 5 6
10" 2 5 10 2 5 10° 2 5 10% 2 5 10° 2 5 10
Number gf.Allowable Cycles, N,
Number of U.S. Customary Units
Cycles, N4 Strain Range, €,, in./in., at Temperature
[Note (1)] 100°F 800°F 900°F 1,000°F 1,100°F 1,200°F 1,300°F
10 0.051 0.050 0.0465 0.0425 0.0382 0.0335 0.0297
20 0.036 0.0345 0.0315 0.0284 0.025 0.0217 0.0186
40 0.0263 0.0246 0.0222 0.0197 0.017 0.0146 0.0123
102 0.018 0.0164 0.0146 0.0128 0.011 0.0093 0.0077
2 x 102 0.0142 0.0125 0.011 0.0096 0.0082 0.0069 0.0057
4 x 102 0.0113 0.00965 0.00845 0.00735 0.0063 0.00525 0.00443
103 0.00845 0.00725 0.0063 0.0055 0.0047 0.00385 0.00333
2 x 103 0.0067 0.0059 0.0051 0.0045 0.0038 0.00315 0.00276
4 x 103 0100545 0.00485 0.0042 0.00373 0.0032 0.00263 0.0023
10* 0.0043 0.00385 0.00335 0.00298 0.0026 0.00215 0.00185
2 x 10* 0.0037 0.0033 0.0029 0.00256 0.00226 0.00187 0.00158
4 xA0" 0.0032 0.00287 0.00254 0.00224 0.00197 0.00162 0.00138
102 0.00272 0.00242 0.00213 0.00188 0.00164 0.00140 0.00117
2'x 10° 0.0024 0.00215 0.0019 0.00167 0.00145 0.00123 0.00105
4 x 10° 0.00215 0.00192 0.0017 0.0015 0.0013 0.0011 0.00094
10° 0.0019 0.00169 0.00149 0.0013 0.00112 0.00098 0.00084
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Table continued

Figure HBB-T-1420-1A
Design Fatigue Strain Range, ¢, for 304 SS (Cont'd)

SI Units

Number of

Cycles, N4 Strain Range, €,, m/m, at Temperature

[Note (1)] 40°C 425°C 480°C 540°C 595°C 650°C 705°C
10 0.051 0.050 0.0465 0.0425 0.0382 0.0335 0.0297
20 0.036 0.0345 0.0315 0.0284 0.025 0.0217 0.0186
40 0.0263 0.0246 0.0222 0.0197 0.017 0.0146 0.0123
102 0.018 0.0164 0.0146 0.0128 0.011 0.0093 0,0077
2 x 10? 0.0142 0.0125 0.011 0.0096 0.0082 0.0069 0.0057
4 x 102 0.0113 0.00965 0.00845 0.00735 0.0063 0.00525 0.00443
10° 0.00845 0.00725 0.0063 0.0055 0.0047 0.00385, 0.00333
2 x10° 0.0067 0.0059 0.0051 0.0045 0.0038 0.00315 0.00276
4 x10° 0.00545 0.00485 0.0042 0.00373 0.0032 0.00263 0.0023
10* 0.0043 0.00385 0.00335 0.00298 0.0026 0:00215 0.00185
2 x 10* 0.0037 0.0033 0.0029 0.00256 0.00226 0.00187 0.00158
4 x 10* 0.0032 0.00287 0.00254 0.00224 0.00197 0.00162 0.00138
10° 0.00272 0.00242 0.00213 0.00188 0,00164 0.0014 0.00117
2 x 10° 0.0024 0.00215 0.0019 0.00167 0:00145 0.00123 0.00105
4 x 10° 0.00215 0.00192 0.0017 0.0015 0.0013 0.0011 0.00094
10° 0.0019 0.00169 0.00149 0.0013 0.00112 0.00098 0.00084

NOTE:

(1) Cyclic strain rate: 1 x 10~% in./in./sec. (1 x 107> m/m/s).
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107"

Figure HBB-T-1420-1B

Design Fatigue Strain Range, ¢, for 316 SS

T
| 316 S5
For metal temperatures
\ not exceeding
N 100° F (40° C)
£ 800 (425)
E oo X - 900 (480)
= N/ — 1,100 (595)
< ~ ~ — 1,300 (705)
Iy I e~
2 T
& D s Sy
c 1073
s
&
n Rate: 1 X 103 in./in./sec (my/mfs)
107 3 4 5
2 0 5 10 2 5 10 2 5 10 2
Number gf-AHlowable Cycles, N,
U.S. Customary Units
Number of Cycles, Strain Range, €,, in./in., at Temperature
N4 [Note (1)] 100°F 800°F 900°F 1,000°F-1,200°F 1,300°F
10! 0.0507 0.0438 0.0378 0.0318 0.0214
2 x 10! 0.0357 0.0318 0.0251 0.0208 0.0149
4 x 10! 0.026 0.0233 0.0181 0.0148 0.0105
102 0.0177 0.0159 0.0123 0.00974 0.00711
2 x 102 0,039 0.0125 0.00961 0.00744 0.00551
4 x 102 00110 0.00956 0.00761 0.00574 0.00431
10° 0.00818 0.00716 0.00571 0.00424 0.00328
2 x 103 0.00643 0.00581 0.00466 0.00339 0.00268
4 x10° 0.00518 0.00476 0.00381 0.00279 0.00226
10* 0.00403 0.00376 0.00301 0.00221 0.00186
2 x 19% 0.00343 0.00316 0.00256 0.00186 0.00162
4 & 1p* 0.00293 0.00273 0.00221 0.00161 0.00144
10° 0.00245 0.00226 0.00182 0.00136 0.00121
2 x 10° 0.00213 0.00196 0.00159 0.00121 0.00108
4x10° 0.00188 0.00173 0.00139 0.00109 0.000954
10° 0.00163 0.00151 0.00118 0.000963 0.000834
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Table continued

Figure HBB-T-1420-1B

Design Fatigue Strain Range, ¢, for 316 SS (Cont'd)

SI Units
Number of Cycles, Strain Range, €,, m/m, at Temperature

N, [Note (1)] 40°C 425°C 480°C 540°C-650°C 705°C
10! 0.0507 0.0438 0.0378 0.0318 0.0214

2 x 10" 0.0357 0.0318 0.0251 0.0208 0.0149

4 x 10! 0.026 0.0233 0.0181 0.0148 0.0105
102 0.0177 0.0159 0.0123 0.00974 0.007 11
2 x 10° 0.0139 0.0125 0.00961 0.00744 0.00551
4 x 102 0.0110 0.00956 0.00761 0.00574 0:00431
103 0.00818 0.00716 0.00571 0.00424 0.00328
2 x 103 0.00643 0.00581 0.00466 0.00339 0.00268
4 x10° 0.00518 0.00476 0.00381 0.00279 0.00226
10* 0.00403 0.00376 0.00301 0.00221 0.00186
2 x 10* 0.00343 0.00316 0.00256 0.00186 0.00162
4 x 10* 0.00293 0.00273 0.00221 0.00161 0.00144
10° 0.00245 0.00226 0.00182 0.00136 0.00121
2 x 10° 0.00213 0.00196 0.00159 0.00121 0.00108
4 x 10° 0.00188 0.00173 0.00139 0.00109 0.000954
10° 0.00163 0.00151 0.00118 0.000963 0.000834

NOTE:

(1) Cyclic strain rate: 1 x 10~% in./in./sec. (1 x 107> m/m/s).
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023

Strain Range, €, in./in.(m/m)

Figure HBB-T-1420-1C
Design Fatigue Strain Range, €, for Ni-Fe-Cr Alloy 800H

108

107"
N\
NN
NN T 800°F (425°C)
R L T f CT
10 i F=F=1,000°F (540°C]
7\
N |4
NI~ ~
‘""\\ N —
NN ."\\\
gl ===t
1,400°F (760°C) — e
103
Cyclic Strain Rate: 1 x 1073 in./in./sec
1074
10" 102 103 104 10°
Number.of-Allowable Cycles, N4
U.S. Customary Units
Number of Cycles, Strain Range, €,, in./in., at Temperature
N, [Note (1)] 800°F 1,000°F 1,200°F 1,400°F
10! 0:0500 0.0424 0.03414 0.02841
2 x 10t 0.0362 0.02735 0.02199 0.01829
4 x 10! 0.0270 0.01849 0.01483 0.01233
102 0.0184 0.01164 0.00932 0.00774
2 x 102 0.0142 0.00849 0.00678 0.00562
4 x 10% 0.0113 0.00660 0.00533 0.00469
103 0.00841 0.00515 0.00417 0.00388
2103 0.00685 0.00454 0.00366 0.00349
3% 10° 0.00644 0.00433 0.00347 0.00309
4x10% 0.00572 0.00409 0.00327 0.00270
10* 0.00452 0.00293 0.00234 0.00212
2 x 10* 0.00392 0.00243 0.00197 0.00183
4 x 10* 0.00343 0.00212 0.00175 0.00164
10° 0.00288 0.00194 0.00155 0.00149
2 x 10° 0.00254 0.00186 0.00147 0.00140
4 x 10° 0.00229 0.00178 0.00140 0.00132
10° 0.00200 0.00169 0.00131 0.00122
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Table continued

NOTE:

Figure HBB-T-1420-1C
Design Fatigue Strain Range, ¢;, for Ni-Fe-Cr Alloy 800H (Cont'd)

SI Units
Number of Cycles, Strain Range, €,, m/m, at Temperature
N, [Note (1)] 425°C 540°C 650°C 760°C
10* 0.0500 0.0424 0.03414 0.02841
2 x 10" 0.0362 0.02735 0.02199 0.01829
4 x 10! 0.0270 0.01849 0.01483 0.01233
102 0.0184 0.01164 0.00932 0.00774
2 x 10° 0.0142 0.00849 0.00678 0.00562
4 x 10? 0.0113 0.00660 0.00533 0.00469
103 0.00841 0.00515 0.00417 0.00388
2x103 0.00685 0.00454 0.00366 0.00349
3x103 0.00644 0.00433 0.00347 0.00309
4x10% 0.00572 0.00409 0.00327 0.00270
10* 0.00452 0.00293 0.00234 0.00212
2 x 10* 0.00392 0.00243 0.00197 0.00183
4 x 10* 0.00343 0.00212 0.00175 0.00164
10° 0.00288 0.00194 0.00155 0.00149
2 x 10° 0.00254 0.00186 0700147 0.00140
4 x 10° 0.00229 0.00178 0:00140 0.00132
10° 0.00200 0.00169 0.00131 0.00122

(1) Cyclic strain rate: 1 x 10~% in./in./sec (1 x 107> m/m/s).
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Strain Range, E,, in./in.(m/m)

Figure HBB-T-1420-1D

Design Fatigue Strain Range, ¢, for 27/,Cr-1Mo Steel

107"
N\
N
AN
~N
N
N
NN 2%4 Cr-1 Mo Steel
102 N L
L For metal temperatures not exceeding
- ] Rl
<] 800°F (425°C— i
: LY L)
~—1[l]|/ 1,100°F (595°C)
S — A ]]]
1073 T L]
Cyclic Strain Rate: 4 x 10-3 in./in./sec (m/m/s)
10
10" 102 103 104 10° 108 107
Number@f-Allowable Cycles, N,
Number of Cycles, Strain Range, €,, in./in. (m/m), at Temperature
N, [Note (1)] 800°F\(425°C) 900°F-1,000°F (480°C-595°C)
10! 07056 0.040
4 x 10! 0.023 0.0163
102 0.013 0.0097
2 x 10° 0.0094 0.0070
4 x 10° 0.0070 0.0056
10° 0.0052 0.0042
2 x 10° 0.0044 0.0039
4 x10° 0.0040 0.0035
10* 0.0032 0.00265
2 xMo* 0.0026 0.00215
4% 10* 0.0023 0.00182
10° 0.00195 0.00158
2 x 10° 0.00173 0.00142
4 x10° 0.00155 0.00130
10° 0.00137 0.00118
NOTE:

(1) Cycle strain rate: 4 x 102 in./in./sec (m/m/s).
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Figure HBB-T-1420-1E
Design Fatigue Strain Range, ¢, for 9Cr-1Mo-V Steel

10-1
5
2 \\
— \\ + 700°F (371°C)
E 102 NN - 800°F (427°C)
IS N = 900°F (482°C)
E 5 NN
S N ¥
uf‘ ‘\\t\\
~ \\\~:
% / I ‘\\
c 2 T~~~
© =
o
c =
‘T 103 =
= / /=& 1,000°F (538°C) ==
» / 1,100°F (593°C)
5 [ 1,200°F (649°C)
2
Cycle Strain Rate: 1 x 10-3 in./in./sec. (m/m/s)
LT o I A R AN
10" 2 5 10 2 5 10° 2 5 10° 2 5 10° 2 5 10° 2 5 107 5 10°
Number of Allewable Cycles, Ny
U.S. Customary Units
Number of Cycles, Strain Range, €,, in./in., at Temperature [Note (2)]
N, [Note (1)] 700°F 800°F 900°F 1,000°F 1,100°F 1,200°F
10 4.83605 E-02 4.70094E-02 4.53395 E-02 4.33107 E-02 4.08767 E-02 3.79821 E-02
20 3.01297 E-02 2.89751 E-02 2.75445 E-02 2.58086 E-02 2.37388 E-02 2.13107 E-02
40 1.94065 E-02 1.84929 E-02 1.73699 E-02 1.60272 E-02 1.44645 E-02 1.26981 E-02
102 1.19253 E-02 113046 E-02 1.05526 E-02 9.67285 E-03 8.67904 E-03 7.59738 E-03
2 x 102 8.93528 E-03 8.47050 E-03 7.91083 E-03 7.26167 E-03 6.53573 E-03 5.75390 E-03
4 x 102 7.09096 E-03 6.73165 E-03 6.29996 E-03 5.80082 E-03 5.24448 E-03 4.64680 E-03
10° 5.57865 E~03 5.30853 E-03 4.98397 E-03 4.60877 E-03 419048 E-03 3.74047 E-03
2 x 103 4.82456\E-03 4.59882 E-03 4.32732 E-03 4.01310 E-03 3.66230 E-03 3.28405 E-03
4x103 426918 E-03 4.07569 E-03 3.84266 E-03 3.57260 E-03 3.26787 E-03 2.87695 E-03
10* 3.32416 E-03 3.15749 E-03 2.95730 E-03 2.72590 E-03 2.46805 E-03 2.19104 E-03
2 x 10* 2.78933 E-03 2.65426 E-03 2.49199 E-03 2.30438 E-03 2.09524 E-03 1.87024 E-03
4 x 10* 241228 E-03 2.29941 E-03 2.16366 E-03 2.00655 E-03 1.83115 E-03 1.64203 E-03
10° 2.06036 E-03 1.96787 E-03 1.85644 E-03 1.72724 E-03 1.58264 E-03 1.42623 E-03
2 x102 1.86482 E-03 1.78342 E-03 1.68522 E-03 1.57117 E-03 1.44331 E-03 1.30469 E-03
4.%10° 1.70989 E-03 1.63711 E-03 1.54919 E-03 1.44695 E-03 1.33211 E-03 1.20734 E-03
10° 1.54885 E-03 1.48484 E-03 1.40740 E-03 1.31717 E-03 1.21562 E-03 1.10501 E-03
2 x 10° 1.45099 E-03 1.39220 E-03 1.32100 E-03 1.23794 E-03 1.14432 E-03 1.04218 E-03
4 x 10° 1.36846 E-03 1.31401 E-03 1.24798 E-03 1.17088 E-03 1.08387 E-03 9.88771 E-04
107 1.27740 E-03 1.22764 E-03 1.16724 E-03 1.09661 E-03 1.01677 E-03 9.29353 E-04
2 x 107 1.21915 E-03 1.17235 E-03 1.11548 E-03 1.04893 E-03 9.73622 E-04 8.91061 E-04
4 x 107 1.16817 E-03 1.12392 E-03 1.07011 E-03 1.00709 E-03 9.35702 E-04 8.57351 E-04
108 1.10979 E-03 1.06842 E-03 1.01807 E-03 9.59039 E-04 8.92094 E-04 8.18515 E-04
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Table continued

Figure HBB-T-1420-1E
Design Fatigue Strain Range, ¢, for 9Cr-1Mo-V Steel (Cont'd)

SI Units

Number of Cycles,

Strain Range, €,, m/m, at Temperature [Note (2)]

N4 [Note (1)] 375°C 425°C 480°C 540°C 600°C 650°C
10 4.82755 E-02 4.70544 E-02 4.54129 E-02 4.32215 E-02 4.05549 E-02 3.79190 E£0?2
20 3.00572 E-02 2.90136 E-02 2.76074 E-02 2.57324 E-02 2.34667 E-02 2.1258ME-02
40 1.93491 E-02 1.85233 E-02 174190 E-02 1.59689 E-02 1.42627 E-02 1.26609 E-02
10? 118861 E-02 113251 E-02 1.05851 E-02 9.63516 E-03 8.55321 E-03 7.57511 E-03
2 x 102 8.90585 E-03 8.48584 E-03 7.93499 E-03 7.23400 E-03 6.44437 E-03 5.73788 E-03
4 x 102 7.06819 E-03 6.74350 E-03 6.31857 E-03 5.77958 E-03 5.17457 E-03 4.63456 E-03
10° 5.56154 E-03 5.31743 E-03 4.99796 E-03 4.59280 E-03 4.13789 E-03 3.73125 E-03
2 x 10 4.81027 E-03 4.60627 E-03 4.33903 E-03 3.99972 E-03 3.61815 EL03 3.27629 E-03
4x10° 4.25694 E-03 4.08208 E-03 3.85272 E-03 3.56109 E-03 3.22218-E-03 2.86894 E-03
10* 331360 E-03 3.16299 E-03 2.96593 E-03 2.71606 E-03 2.43566 E-03 2.18536 E-03
2 x10* 2.78077 E-03 2.65872 E-03 2.49898 E-03 2.29640 E-03 2.06895 E-03 1.86562 E-03
4 x10* 2.40513 E-03 2.30313 E-03 2.16951 E-03 1.99986 E-03 180907 E-03 1.63814 E-03
10° 2.05451 E-03 1.97093 E-03 1.86125 E-03 1.72173 E-03 1.56441 E-03 1.42301 E-03
2x10° 1.85967 E-03 178611 E-03 1.68946 E-03 1.56631 E-03 1.42717 E-03 130183 E-03
4x10° 1.70529 E-03 1.63952 E-03 155299 E-03 1.44258 EX03 131760 E-03 1.20477 E-03
10° 154481 E-03 1.48696 E-03 1.41075 E-03 1.31339E-03 1.20278 E-03 1.10272 E-03
2 x 10° 1.44728 E-03 139415 E-03 132408 E-03 1.23438 E-03 1.13247 E-03 1.04006 E-03
4 x10° 1.36503 E-03 131581 E-03 1.25084 E-03 1.16758 E-03 1.07284 E-03 9.86802 E-04
107 1.27426 E-03 1.22929 E-03 1.16986 E-03 1.09358 E-03 1.00664 E-03 9.27542 E-04
2 x 107 1.21620 E-03 117390 E-03 1.11795 E-03 1.04608 E-03 9.64062 E-04 8.89348 E-04
4 x 107 116538 E-03 112538 E-03 1.07245 E-03 1.00439 E-03 9.26635 E-04 8.55725 E-04
108 110718 E-03 1.06979 E-03 1.02026 B=03 9.56506 E-04 8.83585 E-04 8.16987 E-04
NOTES:

(1) Cyclic strain rate: 1x1072 in./in./sec (m/m/s).
(2) The following equations can be used to determine the allowable cycles, N, using the design fatigue strain range, €, in the range of the

tabulated values:

where

Ny = lesser of [Nf , st]
20

2 472
10 Ap + Ap-logger + AZ'[IOgmet] + A3-(logloet)

Nf:
30 20

-2
2 4
[AO + A1~ 1°g10[26tj + AZ-[loglo(Zetﬂ + A3»[log10(2€t):| J

Ag = 1182614 + 2422424 x 1078 x T2

A = 6475966 x 107!

3
Ay = 2.065574 x 1071 +3.103560 x 10711 x T

Az = 1.168810 x 1072

N4 = number of allowable cycles
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Table continued

NOTES (CONT'D):

N£, Nas, Ao,
Ay, Az, A3
T

&t

Figure HBB-T-1420-1E
Design Fatigue Strain Range, €, for 9Cr-1Mo-V Steel (Cont'd)

numerical parameters
temperature in degrees celsius for SI units
Tp— 32

1.8

Tr = temperature in degrees fahrenheit for U.S. Customary units

design fatique strain range (in./in. or m/m)

Figure HBB-T-1420-2
Creep-Fatigue Damage Envelope
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HBB-T-1430 LIMITS USING ELASTIC ANALYSIS
HBB-T-1431 General Requirements

(a) The elastic analysis rules in this paragraph may be used only when:
(1) the elastic ratcheting rules of HBB-T-1320 or HBB-T-1330 with Z less than, or equal to, 1.0 have been satisfied;
(2) the 3S,, limit in Section III Appendices, Mandatory Appendix XIII, XIII-3420 is met using for 3S,, the lesser of
3S,, and 35, as defined in HBB-T-1324; and

(3) pressure-induced membrane and bending stresses and thermal induced membrane stresses are classified as.pri-
mary (load-controlled) stresses.

The secondary stress range due to radial thermal gradients may be excluded from (Qz)max in either HBB-T-1322 or
HBB-T-1323 in determining the applicability of elastic creep-fatigue rules.

(b) Linearly elastic analysis methods may significantly underestimate the actual strain range incurred during plastic
or creep deformation. The method of HBB-T-1432 may be used to account for these increased strain ¥anges due to in-
elastic behavior in the region under consideration. The resulting strain range, €., is used to enterya deSign fatigue curve
to evaluate the fatigue damage term of eq. HBB-T-1411(10). The appropriate design fatigue\curve is selected from
Figures HBB-T-1420-1A through HBB-T-1420-1E and corresponds to the maximum metal tethperature occurring during
the cycle.

(c) The creep damage term of eq. HBB-T-1411(10) is evaluated using the procedureof HBB-T-1433.

(d) The total damage, D, shall not exceed the creep-fatigue damage envelope of/Figtire HBB-T-1420-2.

HBB-T-1432 Strain Range Determination

(a) Calculate A€, .4 using HBB-T-1413 or HBB-T-1414. The strainscomponents to be used in HBB-T-1413 or
HBB-T-1414 are elastically calculated and do not include local geometricstress concentration effects. Alternatively, cal-
culate A€, .5 using the stress difference procedure described in:Section III Appendices, Mandatory Appendix XIII,
XII1-2400. However, for the purpose of calculating A€, .y, theyéffects of local geometric stress concentrations are
omitted. The strain range A€, .« is defined as equal to 25,1 /Es where E equals the modulus of elasticity at the maximum
metal temperature experienced during the cycle.

(b) Calculate the modified maximum equivalent strainirahge, A€, ,q, using the procedure specified in any one of (c),
(d), or (e).

(c) The modified maximum equivalent strain range, Ae,,q4, may be calculated as:
s* 2
Aemod = (?JK A€max (12)

where (see Figure HBB-T-1432-1)

K = either the equivalent stress concentration factor, as determined by test or analysis, or, the maximum value of
the theoretical elasti¢istress concentration factor in any direction for the local area under consideration. The
equivalent stress concentration factor is defined as the effective (von Mises) primary plus secondary plus peak
stress divided by the effective primary plus secondary stress. Note that fatigue strength reduction factors de-
veloped from\ow temperature continuous cycling fatigue tests may not be acceptable for defining K when
creep effects are not negligible.

S* = the stress'indicator determined by entering the stress-strain curve of Figure HBB-T-1432-1 at a strain range of
AEmax

§ =dhestress indicator determined by entering the stress-strain curve of Figure HBB-T-1432-1 at a strain range of

KAEmax
A€ hax= the maximum equivalent strain range as determined above in (a)
A€y, dq = the modified maximum equivalent strain range that accounts for the effects of local plasticity and creep

The composite stress-strain curve used for this analysis is shown in Figure HBB-T-1432-1, and it is constructed by
adding the elastic stress-strain curve for the stress range, S, y, to the appropriate time-independent isochronous stress-
strain curve (¢, €’) in HBB-T-1830. The appropriate curve in HBB-T-1830 corresponds to the maximum metal tempera-
ture occurring during the cycle.

O = origin of the composite isochronous stress-strain curve (Figure HBB-T-1432-1) used in this analysis
0’ = origin of the time-independent isochronous stress-strain curve in HBB-T-1830

S,u = arelaxation strength defined in HBB-T-1324
€ = strain abscissa of the tme-independent 1SOCNToNousS SIress-stirain curve in HBB-1-1830
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o’ = stress ordinate of the time-independent isochronous stress-strain curve in HBB-T-1830

(d) Equation (c)(12) results in a conservative determination of the modified maximum equivalent strain range, A-
€mod, relative to the maximum equivalent strain range, A€, .x. A more accurate and less conservative determination
of the modified maximum equivalent strain range, Ae,,,q, may then be obtained by use of eq. (13):

2 co*
K“S™Ae
A€mod = Trzax (13)
mo

where (see Figure HBB-T-1432-1) A€ 04, A€max, K, and S* are as defined in (c) above, and Ao ,,,q = the range of effec-
tive stress that corresponds to the strain range, A€, .4, in the composite stress-strain curve of Figure HBB-T-1432-1.
The unknowns of eq. (13), i.e,, Ao, 0q and A€, 4, can be solved graphically or analytically by curve fitting the-appro-
priate composite stress-strain curve. Note that the appropriate composite stress-strain curve is constructed as-déscribed
above in (c).

(e) The most conservative estimate of the modified maximum equivalent strain range, A€, ,q, may-be-Obtained as:

A€mod = KeKA€max (14)
where A€y, 04, K, and A€y, . are defined in (c) above, and
K, = 1if KAepax < 3Sm/E
Ke = KAemaxE /35, for KAepay > 35/ E
(f) Determine the multiaxial plasticity and Poisson ratio adjustment factor, X, ~defined in eq. (15):

K, = 10 + f(K,’ — 1.0), butnotless than 1.0 (15)

where

f = factor determined by entering Figure HBB-T-1432-2 at the<Iriaxiality Factor, T.F,, for the stress state at each of
the two extremes of the stress cycle. The larger magnitude of f shall be used in eq. (15).
K,’ = plastic Poisson ratio adjustment factor deternmiinéd by entering Figure HBB-T-1432-3 at the ratio of

KK AemaxE / 35, with the terms as defined in egy\(e)(14)

Figure HBB-T-1432-1
Stress-Strain Relationship

(o)
s O
|
Mmod 1= T — ~= =%
s4H—+——
Zero time o-€ curve
with ¢/, € coordinates
g Ss* same as isochronous
g curves in HBB-T-1830
SrH T+ ; ! -
0 ' €
¢ s s b €
E E €
J9 4 4
< <
Strain
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(g) Determine the creep strain increment A€, for the stress cycle due to load-controlled stresses by using a stress in-
tensity equal to 1.25 times the effective creep stress 6. = Z - S,,;, as defined in HBB-T-1332. The rules of HBB-T-1321,
HBB-T-1331, and HBB-T-1332 apply to determining Ae. except that the stress cycle time, including hold time between
transients, shall be used instead of the entire service life. The restriction on Q, in HBB-T-1323 relative to Table
HBB-T-1323 does not apply to determining Ae.. Enter the isochronous stress-strain curve (HBB-T-1830) for the max-
imum metal temperature during the stress cycle time-temperature block with the 1.250 . stress held constant through-
out each temperature-time block of the stress cycle. The Ae. equals the sum of the creep strain increment accumulated
in one stress cycle time. Alternatively, the creep strain accumulated during the entire service life divided by the number
of stress cycles during the entire service life may be used for the creep strain increment Ae.. Based on satisfaction of
HBB-T-1320 and the HBB-T-1431(a) rules, the Ae. value used need not exceed 1% divided by the total number ofjstress
cycles:

% (),

(h) The total strain range, €, that is used to enter one of the design fatigue curves of Figurés HBB-T-1420-1A through
HBB-T-1420-1E, is calculated as:

€ = K/A€moq + KAe, (16)
where
K = local geometric concentration factor determined above in (¢); (d), or (e)
K, = the multiaxial plasticity and Poisson ratio adjustment factor determined above in (f)
Ae. = the creep strain increment as determined above in (g)

A€ o4 = the modified maximum equivalent strain range as determined above in any one of (c), (d), or (e)

Figuré HBB-T-1432-2
Inelastic Multiaxial Adjustments
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GENERAL NOTE:

where 0 s are principal stresses at the extreme of the stress cycle.
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Figure HBB-T-1432-3
Adjustment for Inelastic Biaxial Poisson's Ratio

1.8 A
| | | | ] M
1.61
1.6
) | 1.49 1.50 ;
= 1.46 ]
8
] 1.40
L4
=4
[
£ 1.31
3 — ]
)
<
1.2
1.0 | | | | A
0 1 2 3 4 5 oo
KoK A€mbxEI3Sm

€, = the total strain range that is used to enter.0he of the design fatigue curves of Figures HBB-T-1420-1A through
HBB-T-1420-1E to determine the allowable number of cycles, N,

HBB-T-1433 Creep Damage Evaluation

The creep damage term of eq. HBB-T-1411(10) is to be evaluated using either the general procedure defined in (a)
below or the alternate procedure defined in (b) below. As noted in (b), the alternate procedure cannot be used for

any portion of the service life if theltotal strain range, €, [as determined in HBB-T-1432(h)], exceeds 35,/ E for any
of the specified cycle types, j.
(a) A general procedure forevaluating the creep damage term of eq. HBB-T-1411(10) is provided in Steps 1 through

10 below. Steps 3 through-7 are to be repeated for each cycle type j that was evaluated in HBB-T-1432. Recall that j
extends from 1 to P.as‘defined in HBB-T-1411.

Step 1.Considering the entire specified service life, define the total number of hours expended at temperatures above
800°F (425°C).[700°F (370°C) for 2%,Cr-1Mo] as ty.

Step 2. Define the hold temperature, Ty, to be equal to the local metal temperature that occurs during sustained nor-
mal operation.

Stép\3.For each cycle type j, define the average cycle time, £ j, as

f] e tH/nj
where
n; = specified number of applied repetitions of cycle type j
ty = total number of hours at elevated temperatures (for the entire service life) as defined in Step 1 above
‘;’] = average r‘yr]n time for ryr‘ln hrpn}'
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Step 4.Select the time-independent isochronous stress-strain curve in HBB-T-1830 that corresponds to the hold-time
temperature Ty 7. Enter that stress-strain curve at a strain level equal to the strain range €,, where €, is that value cal-
culated in HBB-T-1432(h) for cycle type j. Establish the corresponding stress level, S;. Note that the same isochronous
stress-strain curve is used for all cycle types, since Tyt is independent of cycle definition.

Step 5. Account for stress relaxation during the average cycle time £ j- This stress relaxation evaluation is to be per-

formed at a constant temperature equal to Ty 7. The initial stress is S; for cycle type j. The stress relaxation history
may be determined by

(a) an adjusted uniaxial relaxation analysis where the multiaxial stress state is accounted for by using the following
equation [depicted in Figure HBB-T-1433-1 illustration (b)]:

S =S - 086G (s - S

where

G = the smallest value of the multiaxiality factor as determined for the stress state at each/of the two extremes of the
stress cycle. The multiaxiality factor is defined as

[01 - 0.5(02 + 03]]
[01 - 0.3(02 + 03]]

where 01, 0, and o3 are principal stresses, exclusive of local geometric stress concentration factors, at the extremes of
the stress cycle, and are defined by

(01| 2 |0y 208

Values of G greater than 1.0 shall be taken as 1.0.

\E./)
1

the initial stress level for cycle type j
relaxed stress level at time t adjusted for the-multiaxial stress state
relaxed stress level at time ¢ based on a uhiaxial relaxation model

<

L

r

or

(b) by entering the appropriate isochrenous stress-strain curves in HBB-T-1830 at a strain level equal to €, and de-
termining corresponding stress levels at-varying times (see Figure HBB-T-1433-1). The appropriate isochronous stress-
strain curves correspond to the temperature Ty 7. This stress relaxation process shall not be permitted to proceed to a
stress level less than S, 3. This lower bound stress level, S, g, is defined to be equal to 1.25 times the core stress o [see
HBB-T-1432(g)] intensity thatexists during sustained normal operation. Note that the same value of S 5 is used for all
cycle types. This stress relaxation procedure results in a stress-time history similar to that illustrated in Figure
HBB-T-1433-2.

Step 6.The average-cycle time, fj, includes the time expended during elevated temperature transient conditions in

addition to theltime at the sustained normal operating conditions. Define that portion of f]' that represents time ex-

pended during-elevated temperature transient conditions, as (trran);- Determine the time point, during the transient
conditigns,"for which the load-controlled stresses are at maximum conditions. Define (Stran); to be equal to the load-
contrglled stress intensity at that time point. Indicate both (trran); and (Stran); on the stress-time history (deter-
mined.in Step 5 above) as shown in Figure HBB-T-1433-3, sketch (a). If (Stran); does not exceed the stress-time history
within the time duration (trran); [as is illustrated in Figure HBB-T-1433-3, sketch (a)], then no further modification of
the stress-time history is required. If (Stran); exceeds the stress-time history within the time duration (trran);, then
the stress-time history must be modified by a simple translation in time, as shown in Figure HBB-T-1433-3, sketch (b).

Step 7.Define the cycle transient temperature, (Ttran);, to be equal to the maximum metal temperature that occurs
during cycle type j. In no case shall (Trran); be defined as less than the hold time temperature, T 7. Note that the tem-
perature (Trtran); is not considered in the determination of the stress relaxation history; however, it is considered in
the subsequent determination of the creep damage during the time duration (trran);-

Step 8.The repetition of the above Steps 3 through 7 for j = 1 to P will result in P stress/temperature time histories.

I'nese stress/temperature time histories are to be superimposed as snown 1n rigure HBb-1-1455-4.
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Figure HBB-T-1433-1
Methods of Determining Relaxation

t=0
t1 S,' h
o \
to g
o
t3 =1
w

€t

Strain, €

(a) Stress Relaxation From Isochronous

Stress-Strain Curves

~

Uniaxial

Multiaxial

Time

(b) Multiaxial'Relaxation, S, Calculated

From Uniaxial Relaxation, S,

Figure HBB-T-1433-2

Stress-Relaxation Limits for Creep Damage

Sj 1

Isochronous Relaxation or
‘“Adjusted’’ Uniaxial Relaxation

Stress, 0

Constant Temperature = Tyt

1.250,

) Y A

~7

Time

196



https://asmenormdoc.com/api2/?name=ASME BPVC.III.5 (ASME BPVC Section 3 Division 5) 2023.pdf

ASME BPVC.IIL.5-2023

Figure HBB-T-1433-3
Stress-Relaxation Limits for Creep Damage
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Step 9.The resulting, composite, stress/temperature time history envelope is divided into g time intervals to facilitate
the evaluation of the creep damage term of eq. HBB-T-1411(10). These g time intervals are selected to conveniently
represent the composite stress/temperature history as a step-wise function of time. During each of these time intervals,
(At)y, the stress, (S)x, and temperature, (T), are assumed to be constant and are selected to represent the most dama-
ging stress/temperature combination that could exist during that time interval.

Step 10.For each time interval, (At), the allowable time duration (T;) of eq. HBB-T-1411(10) is obtained from the
expected minimum stress-to-rupture curve of Figures HBB-1-14.6A through HBB-I-14.6F. The appropriate temperature
is (T), and the appropriate stress is (S)x/K’, where K’ is selected from Table HBB-T-1411-1.

(b) Alternatively, the stress/temperature time history can be defined on the basis of a single relaxation cycle for the
entire design life. This alternate procedure can be used only if the total strain range €, [as determined.in
HBB-T-1432(h)] is less than or equal to 3S,,/E for all specified cycle types, j, considered in HBB-T-1432: The
stress-time history for this single relaxation curve is to be constructed using the procedure defined in (@)-Steps 1

through 5. For the purposes of this calculation, the average cycle time fj [of (a) Step 5] is to be defined as
Z‘] =ty

where ty is as defined in (a) Step 1. Similarly, the initial stress, S; [calculated in (a) Step 4], is‘to)be based on the max-
imum value of €, that was calculated in HBB-T-1432(h). The lower bound stress, S; 5, is as/defined in (a) Step 5. The
hold-time temperature, Ty, is as defined in (a) Step 2. The resulting stress-time historyrwill be similar to that shown
in Figure HBB-T-1433-2.

This single cycle, stress-time history is divided into g time intervals to conveniently represent the history as a step-
wise function. During each of these time intervals (At)y, the stress (S)g is assumied to be constant and is equal to the
value at the start of that interval. The temperature (T) is constant for the éntire design life and is equal to Ty7.

For each time interval (At),, the allowable time duration (T4) of eq. HBBT-1411(10) is obtained from the expected
minimum stress-to-rupture curve of Figures HBB-1-14.6A through HBB-1-14.6F. The appropriate temperature is (T)g
and the appropriate stress is (S),/K’; where K’ is selected from Tabl¢: HBB-T-1411-1.

HBB-T-1434 Calculation of Strain Range for Piping

When simplified elastic rules are used for piping analysistutilizing the stress indices of Division 1, Table NB-3681(a)-1,
the equivalent strain range may be calculated directly from eq. HBB-T-1432(c)(12) or eq. HBB-T-1432(e)(14) by scalar
addition of elastic and inelastic strain. The calculation of temperature distributions for use in the simplified analysis
must reflect the actual component geometry.

Piping systems shall be assessed for thermal ‘expansion elastic follow-up and its effects shall be accounted for in the
strain range €, and stress intensity S, assessments of HBB-T-1430. The follow-up analysis shall be disclosed and justi-
fied in the Design Report.

HBB-T-1435 Alternate Creep—Fatigue Evaluation

Providing the limits of HBB-T-1824 are satisfied, the rules of HBB-T-1431, HBB-T-1432, and HBB-T-1433 may be re-
placed by Section III Appendices, Mandatory Appendix XIII, XIII-3500, except:

(a) The reference to Section III Appendices, Mandatory Appendix I may be replaced by Figures HBB-T-1420-1A
through HBB-T-1420-1E; where S, is one half the product of €, and Young’s Modulus E at the metal temperature of
the cycle for the poifitunder consideration.

(b) The S, value in Section III Appendices, Mandatory Appendix XIII, XIII-3450, and Division 1, NB-3653.6 shall be
taken as S .

(c) The cumulative usage factor U shall not exceed 0.90.

(d) Note-the exception of HBB-T-1412.

HBB-T-1500 BUCKLING AND INSTABILITY
HBB-T-1510 GENERAL REQUIREMENTS

(a) The stability limits in Division 1, NB-3133 of Section III pertain only to specific geometrical configurations under
specific loading conditions. For example, column mode buckling is not evaluated by Division 1, NB-3133. These Section
III limits include the effects of initial geometrical imperfections permitted by fabrication tolerances on vessel shells.
However, Section III limits do not consider the effects of creep due to long term loadings at elevated temperatures

and the efrects oI the other Ioads or other geomelries. I'ne ABB-1-15UU rules provide additional IImits which are

198


https://asmenormdoc.com/api2/?name=ASME BPVC.III.5 (ASME BPVC Section 3 Division 5) 2023.pdf

ASME BPVC.IIL.5-2023

applicable to general configurations and loading conditions that may cause buckling or instability due to time-
independent as well as time-dependent creep behavior of the material. These additional limits are applicable to all spe-
cified Design and Service Loadings.

(b) For the limits specified in HBB-T-1520, distinction is made between load-controlled buckling and strain-controlled
buckling. Load-controlled buckling is characterized by continued application of an applied load in the post-buckling re-
gime, leading to failure, e.g., collapse of a tube under external pressure. Strain controlled buckling is characterized by the
immediate reduction of strain induced load upon initiation of buckling, and by the self-limiting nature of the resulting
deformations. Even though it is self-limiting, strain controlled buckling must be avoided to guard against failure by fa-
tigue, excessive strain, and interaction with load-controlled instability.

(c) For conditions under which strain controlled and load-controlled buckling may interact, the Load Facters appli-
cable to load-controlled buckling shall be used for the combination of load-controlled and strain contrelled loads to
guard against buckling in the interactive mode.

(d) For conditions where significant elastic follow-up may occur, the Load Factors applicable to load:controlled buck-
ling shall also be used for strain controlled buckling.

(e) For load-controlled buckling, the effects of initial geometrical imperfections and tolerafices shall be considered in
the time-independent calculations of HBB-T-1521; and the effects of the geometrical imperfections and tolerances,
whether initially present or induced by service, shall be considered in the time-dependent calculations of HBB-T-1522.

(f) For purely strain controlled buckling, the effects of geometrical imperfectionsand tolerances, whether initially
present or induced by service, need not be considered in the calculation of the jnistability strain. However, if significant
geometrical imperfections are present initially, enhancement due to creep may ‘cause excessive deformation or strain.
These effects shall be considered in the application of deformation and strain’limits of HBB-T-1200 and HBB-T-1300.

(g) The expected minimum stress-strain curve for the material at the specified temperatures shall be used. The ex-
pected minimum values may be obtained by normalizing the inelastic-portion of the appropriate average hot tensile
curve in HBB-T-1830 to the tabulated yield strength given in Table' HBB-I1-14.5.

When re-solution annealed Type 300 series austenitic stainless’steel is utilized, the tabulated yield strength shall be
further reduced by 17%. This reduction is not required if it\is’"demonstrated by test that the room temperature yield
strength meets the specified minimum values following reselution annealing. For 9Cr-1Mo-V, the minimum stress-strain
curve to be used for buckling analysis will generally be dependent on the expected loading rate. At higher temperatures,
unified constitutive equations, which do not distinguish between rate-dependent plasticity and time-dependent creep,
should be used for satisfying the buckling limits.of HBB-T-1520.

(h) The limits of both HBB-T-1521 and HBB~F-1522 shall be satisfied for the specified Design and Service Loadings.

HBB-T-1520 BUCKLING LIMITS

HBB-T-1521 Time-Independent Buckling

For load-controlled buckling, the Load Factor, and for strain controlled buckling, the Strain Factor, shall equal or ex-
ceed the values given in"Table HBB-T-1521-1 for the specified Design and Service Loadings to guard against time-
independent (instantaneous) buckling. Alternatively, for cylindrical shells under external pressure or axial compression,
with or without/tiffeners, and for spherical shells under external pressure, the design limits of Division 1, NB-3133 may
be applied.

HBB-T<1522 Time-Dependent Buckling

To protect against load-controlled time-dependent creep buckling, it shall be demonstrated that instability will not
occur during the specified lifetime for a load history obtained by multiplying the specified Service Loadings by the fac-
tors given in Table HBB-T-1522-1. A design factor is not required for purely strain controlled buckling because strain
controlled loads are reduced concurrently with resistance of the structure to buckling when creep is significant. Alter-
natively, for temperatures below the limits of Figure HBB-T-1522-1, Figure HBB-T-1522-2, or Figure HBB-T-1522-3, the
design limits of Division 1, NB-3133 or of HBB-T-1521 may be applied without consideration of creep effects. The tem-
perature limits of Figures HBB-T-1522-1 and HBB-T-1522-2 are given in terms of design life and are applicable for any
radius-to-thickness ratio. The temperature limits of Figure HBB-T-1522-3 are given in terms of radius-to-thickness ratio

and are applicable Tor any design life.
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Table HBB-T-1521-1
Time-Independent Buckling Factors

Strain Factor

Load Factor [Note (1)],
[Note (1)] [Note (2)]
Design Loadings 3.0 1.67
Service Loadings
Level A 3.0 1.67
Level B 3.0 1.67
Level C 2.5 1.4
Level D 1.5 1.1
Test Loadings [Note (3)] 2.25 1.67
NOTES:
€Y
Load (strain) which Desi
1d instant gn or
desty - | “RGEIEIER |. | opid
actor Design (or actual (st?*g(ijn)

Service) Temperature

Changes in configuration induced by service need not be con®
sidered in calculating the buckling load.

(2) For thermally induced strain controlled buckling, the Strain
Factor is applied to loads induced by thermal strain, To.deter-
mine the buckling strain, it may be necessary to astifieially in-
duce high strains concurrent with the use of realistic stiffness
properties. The use of an adjusted thermal expansion coeffi-
cient is one technique for enhancing the applied strains without
affecting the associated stiffness characteristics.

(3) These factors apply to hydrostatic,prieumatic, and leak tests.
Other types of tests shall be classified according to
HBB-3113.7.

Table HBB-T-1522-1
Time-Dependent Load-Controlled Buckling Factors

Service Loadings Factors
Level A 1.5
Level B 1.5
Level C 1.5
Level D 1.25
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Temperature, °F (°C)

Figure HBB-T-1522-3
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ABB-1-1700 SPECIAL REQUIREMENTS

HBB-T-1710 SPECIAL STRAIN REQUIREMENTS AT WELDS
HBB-T-1711 Scope

Because of the potential for limited ductility of weld metal at elevated temperatures and the potential for high strain
concentrations (both metallurgical and geometric) in the heat-affected zone of weldments, the additional analysis re-
quirements of this Appendix shall be satisfied for all pressure boundary and other primary structural welds subjected
under Service Level A, B, and C Loadings to metal temperatures where creep effects are significant (see HBB-3211). The
potential for reduced ductility often precludes locating welds in regions of high loading.

HBB-T-1712 Material Properties

In calculating strain deformations in a weld region, the parent material properties shall be used up to the centerline of
the weld.

HBB-T-1713 Strain Limits

Inelastic strains accumulated in the weld region shall not exceed one-half the strain values permitted for the parent
material (see HBB-T-1310).

HBB-T-1714 Analysis of Geometry

The analysis for strains and creep-fatigue interactions at welds shalliuse stress and strain concentration factors ap-
propriate for the worst surface geometry and shall be included invthe*Design Report (NCA-3211.40). The worst surface
geometry for a given weld shall be determined by the methods ‘described in HBB-3353.

HBB-T-1715 Creep-Fatigue Reduction Factors

In the vicinity of a weld (defined by +3 times_the)thickness to either side of the weld centerline), the creep-fatigue
evaluation of HBB-T-1400 shall utilize reduced values of the allowable number of design cycles N; and the allowable
time duration T, in eq. HBB-T-1411(10). The N, value shall be one-half the value permitted for the parent material
(Figures HBB-T-1420-1A through HBB-T-1420-1E). The T, value shall be determined from a stress-to-rupture curve ob-
tained by multiplying the parent materfal’stress-to-rupture values (Tables HBB-1-14.6A through HBB-I-14.6F) by the
weld strength reduction factors given in Tables HBB-1-14.10A-1 through HBB-1-14.10E-1, and defined in HBB-3220.
The factor K’ (Table HBB-T-1411¢1) must still be applied in this determination of T.

HBB-T-1720 STRAIN REQUIREMENTS FOR BOLTING
HBB-T-1721 Strain Limits

The limits of HBB-T-1300 shall apply.

HBB-T-1722 Creep-Fatigue Damage Accumulation

The fatigue analysis exemptions in Section III Appendices, Mandatory Appendix XIII, XIII-3510 shall not apply. Creep
and fatigue damage shall be assessed using eq. HBB-T-1411(10). The total damage factor, D, shall be set at the appro-
priate value determined from Figure HBB-T-1420-2. Additional requirements are given in (a) and (b) below.

(a) Unless it can be shown by analysis or tests that a lower fatigue strength reduction factor and/or a lower stress
rupture reduction factor is appropriate, the reduction factors shall be not less than 4.0 and 1.8, respectively, for the
threaded region.

(b) The geometrical restriction of the thread and fillet radii at the end of the shank as described in Section III Appen-

dices, Mandatory Appendix X111, XITT=4230(bJ(2)and XI11-4230(b)(3)Shall apply-
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HBB-T-1810 OBJECTIVE

This subarticle presents isochronous stress-strain relations to provide the Designer with information about the total
strain caused by stress under elevated temperature conditions, assuming average material properties. The isochronous-
stress-strain curves are provided as equations in HBB-T-1830 for the materials and the temperature and time limits
specified in Table HBB-T-1820-1. Figures HBB-T-1831-1 through HBB-T-1835-11 show the isochronous stress-strain
curves for these materials at specific temperatures and times.

HBB-T-1820 MATERIALS AND TEMPERATURE LIMITS
Table HBB-T-1820-1 provides temperature and time limits for the use of the isochronous stress-strain elations.
The isochronous stress-strain relations provided herein shall not be used to compute values of stress-cotrresponding
to total strains greater than 2.2%.

HBB-T-1830 ISOCHRONOUS CURVES

The equations describing each material are given as relations between stress and temperature and elastic and plastic
strain and stress, temperature, and time and creep strain. All materials use an additiver model

E=gtet+e

where

& = the total strain
&, = the creep strain
€. = the elastic strain

g, = the plastic strain

Hot tensile curves are the stress-strain relation for each niaterial for a fixed temperature and zero creep strain (¢, =
0). The isochronous curves are the stress—strain relation.for each material for a fixed temperature and time.

The equations use the following units: for time (t), hours; for temperature (T), degrees Celsius; for stress (o), MPa;
and for strain (¢), nominal values (mm/mm). All stfain and stress values are in the engineering convention of strain,
referencing the original gauge length, and the engineering convention for stress, referencing the original sample
cross-section.

The equations for determining the elasticstrain, plastic strain and creep strain are expressed in terms of temperature
and stress in SI units. When working in UxS. Customary units or other local customary units, the temperature and stress
values should first be converted to °C and MPa units, respectively, and then be entered into the equations to obtain the
appropriate strain values.

In the following, In denotes the'natural logarithm and log denotes a logarithm base 10. The notation max { } means
take the value in the bracketedlist with the maximum value.

HBB-T-1831 304 SS

Use Tables HBB-T<1831-1 through HBB-T-1831-4 as indicated to determine the value of the specified parameters.
Figures HBB-T-183.1-1 through HBB-T-1831-17 show the isochronous stress-strain curve for each fixed temperature.
(a) Elastic Strain

Table HBB-T-1820-1
Temperature and Time Limits for Alloys in Isochronous Stress-Strain Curves

Minimum Maximum Maximum
Temperature, Temperature, Time,
Material °F (°C) °F (°C) hr

304 SS 800 (427) 1,500 (816) 300,000
316 SS 800 (427) 1,500 (816) 300,000
Alloy 800H 800 (427) 1,400 (760) 300,000
21/4Cr—1Mo 700 (371) 1,200 (649) 300,000
9Cr-1Mo-V 700 (371) 1,200 (649) 500,000

(23)

(23)
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o
Se = E
where
E = 232,181 - 95.3063(T + 273.15)
(b) Plastic Strain
& = 0 for o < %
o — o, \1/m
= ( pj for o > O
K
where
K = 482.38 - 0.17547(T + 273.15)

m = 0.25 824 + 7.749 x 107>(T + 273.15)
0, = 0, + [-84.1023 + 0.046259(T + 273.15)]

0, = 222.79 - 0.11047(T + 273.15)

(c) Creep Strain

1 451") V( 7rt] . }
g,=——&ll—e +&ll—e + &t
o= 10515 .

where

S =

| =@
inh(145.037681ﬁ’roﬂ ri R(T+ 273_15)]

ny

Table HBB-T-1831-3
67,000

1.987

-2.252 x 107" + 5.401 x 107/(T™+ 273.15)
=35

D{s
D
Q
R
B
n,

, R
Em = A{Sinh[145.037681ﬁeoﬂ ee[R(T+ 273_15)]

ne
A = 138 x 1033
Be = -3.652% 107" + 7.518 x 1077(T + 273.15)
n, =6
£, = C£_m
r
G = Table HBB-T-1831-4
ny —Q
r = Bl sinh 145.0376818,0 . R(T+ 273_15)
ny
B = 2.518 x 1013
g, = 0 for o< 41.3683

G + 145.U5/7/601lH0 10r o > 41.5665
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Table HBB-T-1831-1
Table HBB-T-1831-2

Table HBB-T-1831-1

Temperature Range G
800 < Tr < 850 0.0
850 < Tr < 1,000 2.24449 - 3.08547 x 1073T
1,000 < T < 1,100 -0.257143
1,100 < T < 1,500 -0.257143

GENERAL NOTE:

9
Tp= 2T+ 32
F=3

Ty=T+273.15

Table HBB-T-1831-2

Temperature Range H
800 < T < 850 0.0
850 < Ty < 1,000 -3.74081"x 107* + 5.14 244 x 107" Ty
1,000 < Tf < 1,100 428571 x 1075
1,100 < Tr < 1,500 4028571 x 107°

GENERAL NOTE:

9
Tp= 2T+ 32
F=3

Ty=T+273.15

Table HBB-T-1831-3

Temperature Range D
800 < Ty < 850 2.266 x 10'°
850 < Ty < 1,000 2.266 x 10*°
1,000 < T < 1,100 3.19663 x 1010 ~(3:66218 x 107°T)
1,100 < Ty < 1,500 2.518 x 10*

GENERAL NOTE:

9
To= 2T +32
F=5

Tg =T+ 273.15
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Table HBB-T-1831-4

Temperature Range

4

800 < Tr < 850
850 < Tr < 1,000

1,000 < TF < 1‘100
1,100 £ Tp < 1,500

2.469 x 10736580986/ Tk
2.469 x 1036580986/ T«
56.2405 - 5.91691 x 107°T
5.0

GENERAL NOTE:

9
Tp= T+ 32
s

Ty =T+ 273.15
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Stress, 1000 psi (MPa)

Figure HBB-T-1831-1
Average Isochronous Stress-Strain Curves

30 (207)
/ Hot tensile to 300,000 hr
25 (172) //
20 (138)
15 (103)
10 (69)
Material-304 SS
Temperature-800°F (427°C)
5 (34)
0(0)
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2

Strain, %
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Stress, 1000 psi (MPa)

Figure HBB-T-1831-2
Average Isochronous Stress—Strain Curves

30 (207)
/ Hot tensile to 100,000 hr
/%é 300,000 hr
///
= |
25 (172)
20 (138) /
15 (103)
10 (69)
Material-304 SS
Temperature-850°F (454°C)
5 (34)
0(0)
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2

Strain, %
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Stress, 1000 psi (MPa)

Figure HBB-T-1831-3
Average Isochronous Stress—-Strain

Curves
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25 (172)

\\N

/

=
/
/

A\

NN
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A

=
=
/
/

20 (138)

15 (103)

10 (69)

Material-304 S

S

Temperature-900°F (482

5 (34)

0.2

0.4

0.6 0.8 1.0 1.2 1.4 1
Strain, %

.6 1

//“,, Hot tensile to 1,000 hr
—
// 30,000 hr
// 100,000 hr,

| 300,000
/
°C)
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Stress, 1000 psi (MPa)

Figure HBB-T-1831-4
Average Isochronous Stress—Strain Curves

30 (207)
e tensile to 30 hr
— |
25 (172) ///éé? i)giionir
%??6/; 30,000y
%//?/// 1007000 hr
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grd
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Stress, 1000 psi (MPa)

Figure HBB-T-1831-5
Average Isochronous Stress—Strain Curves

30 (207)
et tensile to 3,hr
=
25 (172)
/ // ] % %,80805::hr
/é?gééj 3,000 hr
é//??;/; 30:000 hr
20 (138) A/ /// Sl 100,000 hr
T
/ /////// 300,000 h
/ 300 r
A
/ yd //
15 (103)
Zt
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Temperature-1,000 °F (538°C)
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0(0)
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Stress, 1000 psi (MPa)

Figure HBB-T-1831-6
Average Isochronous Stress—Strain Curves
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Stress, 1000 psi (MPa)

Figure HBB-T-1831-7

Average Isochronous Stress—Strain Curves
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Stress, 1000 psi (MPa)

Figure HBB-T-1831-8

Average Isochronous Stress—Strain Curves
30 (207)
/ Hot tensile to 1 hf
25(172) 3hr
| —
/// 10 hr
T s
P
// // — 3,000 hr
20 (138)
7//// | 10.000hr
/é?/// // 30,000 hr
L —
/ (2
15 (103) 100,000 hr
] _— |
/ / ///
/ | 300,000 hr
Pt ///
L —]
/ L —
/ bS]
10 (69) /
Material-304 SS
Temperature-1,075 °F (579°C)
5 (34)
Y 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
Strain, %

216



https://asmenormdoc.com/api2/?name=ASME BPVC.III.5 (ASME BPVC Section 3 Division 5) 2023.pdf

ASME BPVC.IIL.5-2023

Stress, 1000 psi (MPa)

Figure HBB-T-1831-9
Average Isochronous Stress—Strain Curves
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Stress, 1000 psi (MPa)

Figure HBB-T-1831-10
Average Isochronous Stress—Strain Curves
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Stress, 1000 psi (MPa)

Figure HBB-T-1831-11
Average Isochronous Stress—Strain Curves
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Stress, 1000 psi (MPa)

Figure HBB-T-1831-12
Average Isochronous Stress—Strain Curves
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Stress, 1000 psi (MPa)

Figure HBB-T-1831-13
Average Isochronous Stress-Strain Curves
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Stress, 1000 psi (MPa)

Figure HBB-T-1831-14
Average Isochronous Stress—Strain Curves
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Stress, 1000 psi (MPa)

Figure HBB-T-1831-15
Average Isochronous Stress-Strain Curves
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Stress, 1000 psi (MPa)

Figure HBB-T-1831-16
Average Isochronous Stress—Strain Curves
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Stress, 1000 psi (MPa)

Figure HBB-T-1831-17
Average Isochronous Stress-Strain Curves
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(23) HBB-1-1832 316 55

Figures HBB-T-1832-1 through HBB-T-1832-17 illustrate the stress-strain curve for 316 SS.
(a) Elastic Strain

e =9
¢ E
where
E = 232,181 - 95.3063(T + 273.15)
(b) Plastic Strain
& = 0 for o < %
o — g, \1/m
= ( pj for o > 9
K
where
K = 419.11 - 0.095119(T + 273.15)

m

0.30950 + 6.1328 x 1075(T + 273.15)
0, = 0, + [-56.4598 + 0.024225(T + 273.15)]

o, = 201.69 - 0.069361(T + 273.15)

(c) Creep Strain
Use Tables HBB-T-1832-1 through HBB-T-1832-7 to determine values of variables.

g.=——&ll—e + gl e + &t
c 100{3[ m

where

) n —Q]
Em = A{Sinh[145.037681ﬁoﬂ e[R(T+ 273_15]

n

A = Table HBB-T-1832-8

£, = Cé‘_m
r
C = Table HBB-T-1832<5
r = max{rq, ra}
ri = L(145:0376810)" 3¢
L* = Table HBB-T-1832-7
145.03768180 \|" {—Q ]
rh = B{Sinh{ : BOH A R(T+273.15)
n
B = Table HBB-T-1832-6
g, = 0foro <27.5790

G + 145.037681Ho for o > 27.5790

G
H
S

Table HBB-T-1832-1
Table HBB-T-1832-2
maxisq, Sz y
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S1

25x10"

n

n -Q
s, = D{sinh[ms.owesmoﬂ GR(T+27315)

IO S T

Table HBB-T-1832-3
Table HBB-T-1832-4
67,000

1.987

-4.257 x 107* + 7.733 x 1077(T + 273.15)

Table HBB-T-1832-1

Temperature Range

G

800 < T < 1,000

1,000 < Tr < 1,075
1,075 < Tr < 1,100
1,100 < T < 1,200
1,200 < Tr < 1,300
1,300 < Tr < 1,500

0.0

1.28221 - 1.58103 x 1073Ty
1.28221 - 1.58103 x 1073T
-0.271855 + 2.13509 x 1047y
-0.692411 + 6.69643 x 10T,
-0.704318 + 6.61818-x 10 *T,

GENERAL NOTE:

9
To= T4 32
F=5

Tg=F+ 273.15

Table HBB-T-1832-2

Temperature Range

H

800 < T < 1,000

1,000 < Tr < 1,075
1,075 < Tr < 1,100
1,100 < Tr < 1,200
1,200 < Tr < 1,300
1,300 < Tr < 1,500

0.0

-3.2055 x 107™* + 3.95256 x 107/ Ty
-3.2055 x 107" + 3.95256 x 107" T
6.796 x 107° - 5.338 x 107°T
1.731 x 107* - 1.674 x 107/ T
1.7608 x 10~ - 1.70455 x 107" T

GENERAL NOTE:

9
To= 2T +32
F=35

Ty =T+ 273.15
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(23)

Table HBB-T-1832-3

Temperature Range

D

800 < Ty < 1,000

1,000 < Tr < 1,075
1,075 < Tr < 1,100
1,100 < T < 1,200
1,200 < Tr < 1,300
1,300 < T < 1,500

5.7078 x 103

-4.499 x 107 + 5.548 x 10Ty
2.869 x 107 - 3.093 x 10™Ty
2.869 x 107 - 3.093 x 10Ty
13369 x 1010810878'5/TK
1.3369 x 10'%108785/7x

GENERAL NOTE:

9
To= 2T+ 32
F=35

Tg=T+ 273.15

Table HBB-T-1832-4

Temperature Range

800 < T < 1,000

1,000 < Tr < 1,075
1,075 < Tr < 1,100
1,100 < Tr < 1,200
1,200 < Tr < 1,300
1,300 < Tr < 1,500

46

-80.9263 + 0.105455T
50.1136 = 00482143 T
50.1136<.0.0482143T
14.4647 = 9.54954 x 1073T
144647 - 9.54954 x 10T

GENERAL NOTE:

9
To= 2T+ 32
F=5

Ty =T+ 273.15
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Table HBB-T-1832-5

Temperature Range C
800 < Tr < 1,000 7.1
1,000 < Tr < 1,075 25.5318 - 0.0227273Tk
1,075 < Tr < 1,100 25.5318 - 0.0227273Tg
1,100 < 