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FOREWORD"

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Vessel Committee was superseded by the following committees:

(a) Committee on Power Boilers (I)

(b) Committee on Materials (II)

(c) Committee on Construction of Nuclear Facility Components (III)

(d) Committee on Heating Boilers (IV)

(e) Committee on Nondestructive Examination (V)

(f) Committee on Pressure Vessels (VIII)

(9) Committee on Welding, Brazing, and Fusing (IX)

(h) Committee on Fiber-Reinforced Plastic Pressure Vessels (X)

(i) Committee on Nuclear Inservice Inspection (XI)

(j) Committee on Transport Tanks (XII)

(k) Committee on Overpressure Protection (XIII)

(1) Technical Oversight Management Committee (TOMC)

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

The Committee’s function is to establish rules of safety relating to pressure integrity. The rules govern the construc-
tion” of boilers, pressure vessels, transport tanks, and nuclear compenents, and the inservice inspection of nuclear
components and transport tanks. For nuclear items other than ‘pressure-retaining components, the Committee also
establishes rules of safety related to structural integrity. The_ Committee also interprets these rules when questions
arise regarding their intent. The technical consistency of théSections of the Code and coordination of standards devel-
opment activities of the Committees is supported and guided by the Technical Oversight Management Committee. The
Code does not address other safety issues relating to-the construction of boilers, pressure vessels, transport tanks, or
nuclear components, or the inservice inspection of nuclear components or transport tanks. Users of the Code should refer
to the pertinent codes, standards, laws, regulations, or other relevant documents for safety issues other than those
relating to pressure integrity and, for nuclear items other than pressure-retaining components, structural integrity.
Except for Sections XI and XII, and with a fewather exceptions, the rules do not, of practical necessity, reflect the likelihood
and consequences of deterioration in sérvice related to specific service fluids or external operating environments. In
formulating the rules, the Committée 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 margin for deterioration in service to give a reasonably long, safe period of usefulness. Advancements
in design and materials and, evidence of experience have been recognized.

The Code contains mandatory requirements, specific prohibitions, and nonmandatory guidance for construction activ-
ities and inservice inspection and testing activities. The Code does not address all aspects of these activities and those
aspects that are not specifically addressed should not be considered prohibited. The Code is not a handbook and cannot
replace education; experience, and the use of engineering judgment. The phrase engineering judgment refers to technical
judgments madé by knowledgeable engineers experienced in the application of the Code. Engineering judgments must be
consistent with'Code philosophy, and such judgments must never be used to overrule mandatory requirements or specific
prohibitions of the Code.

The'€ommittee recognizes that tools and techniques used for design and analysis change as technology progresses and
expects engineers to use good judgment in the application of these tools. The designer is responsible for complying with
Code rules and demonstrating compliance with Code equations when such equations are mandatory. The Code neither
requires nor prohibits the use of computers for the design or analysis of components constructed to the requirements of
the Code. However, designers and engineers using computer programs for design or analysis are cautioned that they are

" The information contained in this Foreword is not part of this American National Standard (ANS) and has not been processed in accordance with
ANSI's requirements for an ANS. Therefore, this Foreword may contain material that has not been subjected to public review or a consensus process. In
addition, it does not contain requirements necessary for conformance to the Code.

- Construction, as used in this Foreword, is an all-inclusive term comprising materials, design, fabrication, examination, inspection, testing, certifica-
tion, and overpressure protection.

viii
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responsible for all technical assumptions inherent in the programs they use and the application of these programs to their
design.

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

The Committee meets regularly to consider revisions of the rules, new rules as dictated by technological development,
Code cases, and requests for interpretations. Only the Committee has the authority to provide official interpretationsief
the Code. Requests for revisions, new rules, Code cases, or interpretations shall be addressed to the staff secretary in
writing and shall give full particulars in order to receive consideration and action (see the Correspondence With the
Committee page). Proposed revisions to the Code resulting from inquiries will be presented to the Committeefor appro-
priate 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 submitted to the Aménican National
Standards Institute (ANSI) and published at http://go.asme.org/BPVCPublicReview to invite comments from all inter-
ested persons. After public review and final approval by ASME, revisions are published at regular intéfvals in Editions of
the Code.

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

Questions or issues regarding compliance of a specific component with the Code titles are to be directed to the ASME
Certificate Holder (Manufacturer). Inquiries concerning the interpretation gfthe Code are to be directed to the
Committee. ASME is to be notified should questions arise concerning impropet use of the ASME Single Certification
Mark.

When required by context in the Code, the singular shall be interpreted as the plural, and vice versa.

The words “shall,” “should,” and “may” are used in the Code as follows:

- Shall is used to denote a requirement.

- Should is used to denote a recommendation.

- May is used to denote permission, neither a requirement-nor a recommendation.
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STATEMENT OF POLICY ON THE USE OF THE ASME SINGLE
CERTIFICATION MARK AND CODE AUTHORIZATION IN
ADVERTISING

ASME has established procedures to authorize qualified organizations to perform various activities in accordance with
the requirements of the ASME Boiler and Pressure Vessel Code. It is the aim of the Society to provide recognition of
organizations so authorized. An organization holding authorization to perform various activities in accordance with the
requirements of the Code may state this capability in its advertising literature.

Organizations that are authorized to use the ASME Single Certification Mark for marking items ‘or)constructions that
have been constructed and inspected in compliance with the ASME Boiler and Pressure Vessel Code-are issued Certificates
of Authorization. Itis 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 Certification, Mark who comply with all
requirements.

Based on these objectives, the following policy has been established on the usageZn 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 itef, construction, or activity and there shall
be no statements or implications that might so indicate. An organization holdinig the ASME Single Certification Mark and/
or a Certificate of Authorization may state in advertising literature that items, constructions, or activities “are built
(produced or performed) or activities conducted in accordance with the.requirements of the ASME Boiler and Pressure
Vessel Code,” or “meet the requirements of the ASME Boiler and Préssure 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 staniping and nameplates as specifically provided in the Code.
However, facsimiles may be used for the purpose of fostéring the use of such construction. Such usage may be by an
association or a society, or by a holder of the ASME Single Cefttification Mark who may also use the facsimile in advertising
to show that clearly specified items will carry the ASME Single Certification Mark.

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

The ASME Boiler and Pyessure Vessel Code provides rules for the construction of boilers, pressure vessels, and nuclear
components. This includes requirements for materials, design, fabrication, examination, inspection, and stamping. [tems
constructed in accordance with all of the applicable rules of the Code are identified with the ASME Single Certification
Mark described if-the governing Section of the Code.

Markings such-as “ASME,” “ASME Standard,” or any other marking including “ASME” or the ASME Single Certification
Mark shall not be used on any item that is not constructed in accordance with all of the applicable requirements of the
Code.

Items:shall not be described on ASME Data Report Forms nor on similar forms referring to ASME that tend to imply that
all'Code requirements have been met when, in fact, they have not been. Data Report Forms covering items not fully
complying with ASME requirements should not refer to ASME or they should clearly identify all exceptions to the ASME
requirements.
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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 pagé/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.l} Part C for guidelines on
requesting approval of new welding and brazing materials (“consumables”).

Revisions and Errata

The committee processes revisions to this Code on a continuous basis to incorporate changes that appear necessary or
desirable as demonstrated by the experience gained from the application*ofthe Code. Approved revisions will be
published in the next edition of the Code.

In addition, the committee may post errata and Special Notices at http://go.asme.org/BPVCerrata. Errata and Special
Notices become effective on the date posted. Users can register on the committee web page to receive email notifications
of posted errata and Special Notices.

This Code is always open for comment, and the committee wél¢omes proposals for revisions. Such proposals should be
as specific as possible, citing the paragraph number, the propdsed wording, and a detailed description of the reasons for
the proposal, including any pertinent background infoximation 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 requiréments
(3) to allow users to gain expérience with alternative or potential additional requirements prior to incorporation
directly into the Code
(4) to permit use of a new material or process
(b) Users are cautioned-that not all jurisdictions or owners automatically accept cases. Cases are not to be considered
as approving, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom of manufacturers, constructors, or owners to choose any method of design or any form of construction that
conforms to the.Code.
(c) The committee will consider proposed cases concerning the following topics only:
(1) equipment to be marked with the ASME Single Certification Mark, or
(2)«equipment to be constructed as a repair/replacement activity under the requirements of Section XI
(d)~-Aproposed case shall be written as a question and reply in the same format as existing cases. The proposal shall also
inelude 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 to which the proposed case applies
(4) the editions 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 Supplements.
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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
Nuclear Code Cases is available at http://go.asme.org/BPVCC.

Interpretations

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

(b) Uponrequest, the committee will render an interpretation of any requirement of the Code. An intéypretation can be
rendered only in response to a request submitted through the online Inquiry Submittal Form at
http://go.asme.org/InterpretationRequest. Upon submitting the form, the inquirer will regeiyeé an automatic email
confirming receipt.

(c) ASME does notactas a consultant for specific engineering problems or for the generalapplication or understanding
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 stchdssistance be obtained. Inquirers
may track the status of their requests at http://go.asme.org/Interpretations.

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

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

»u

certify,” “rate,” or\'endorse” any item, construction, proprietary

Committee Meetings

The ASME BPVC committees regularly hold meetings that are open to the public. Persons wishing to attend any meeting
should contact the secretary of the applicablejegommittee. Information on future committee meetings can be found at
http://go.asme.org/BCW.
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(25)

ORGANIZATION OF SECTION il

1 GENERAL

Section III consists of Division 1, Division 2, Division 3, Division 4, and Division 5. These Divisions are broken down into
Subsections and are designated by capital letters preceded by the letter “N” for Division 1, by the letter “C” for Division 2,
by the letter “W” for Division 3, by the letter "F" for Division 4, and by the letter “H” for Division 5. Each Sub8ection is
published separately, with the exception of those listed for Divisions 2, 3, 4, and 5.

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

- Subsection NB — Class 1 Components

- Subsection NCD — Class 2 and Class 3 Components

- Subsection NE — Class MC Components

- Subsection NF — Supports

- Subsection NG — Core Support Structures

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

Division 3 — Containment Systems for Transportation and Storage of Spent Nuclear Fuel and High-Level
Radioactive Material
- Subsection WA — General Requirements for Divisioir3
- Subsection WB — Class TC Transportation Containments
- Subsection WC — Class SC Storage Containments
- Subsection WD — Class ISS Internal Support'\Stfuctures

Division 4 — Fusion Energy Devices
- Subsection FA — Fusion Energy Device Facilities
- Subsection FB — Pressure Boundary.Components

Division 5 — High Temperature Redctors
- Subsection HA — General Reéquirements
Subpart A — Metallic Materials
Subpart B — Graphite Materials
Subpart C — Comypo65ite Materials
Subsection HB — (lass A Metallic Pressure Boundary Components
Subpart A —Low Temperature Service
Subpart B\~ Elevated Temperature Service
Subsection HC — Class B Metallic Pressure Boundary Components
Subpart A — Low Temperature Service
Subpart B — Elevated Temperature Service
Subsection HF — Class A and B Metallic Supports
Subpart A — Low Temperature Service
Subsection HG — Class SM Metallic Core Support Structures
Subpart A — Low Temperature Service
Subpart B — Elevated Temperature Service
Subsection HH — Class SN Nonmetallic Core Components
Subpart A — Graphite Materials
Subpart B — Composite Materials
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2 SUBSECTIONS

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

3 ARTICLES

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

Article Number Title
1000 Introduction or Scope
2000 Material
3000 Design
4000 Fabrication and Installation
5000 Examination
6000 Testing
7000 Overpressure Protection
8000 Nameplates, Stamping With Certification Mark, and Reports

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

4 SUBARTICLES

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

5 SUBSUBARTICLES

Subsubarticles are numbered in units‘of 10, such as NB-2130, and generally have no text. When a number such as NB-
1110 is followed by text, it is considered a paragraph.

6 PARAGRAPHS

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

7 SUBPARAGRAPHS

Subparagraphs, when they are major subdivisions of a paragraph, are designated by adding a decimal followed by one
or more.digits to the paragraph number, such as NB-1132.1. When they are minor subdivisions of a paragraph, subpar-
agraphs may be designated by lowercase letters in parentheses, such as NB-2121(a).

8 SUBSUBPARAGRAPHS

Subsubparagraphs are designated by adding lowercase letters in parentheses to the major subparagraph numbers,
such as NB-1132.1(a). When further subdivisions of minor subparagraphs are necessary, subsubparagraphs are desig-
nated by adding Arabic numerals in parentheses to the subparagraph designation, such as NB-2121(a)(1).
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9 REFERENCES

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

(a) References to Other Portions of Section IlIl. When a reference is made to another Article, subarticle, or paragraph, all
numbers subsidiary to that reference shall be included. For example, reference to Article NB-3000 includes all material in
Article NB-3000; reference to NB-3100 includes all material in subarticle NB-3100; reference to NB-3110 includes all
paragraphs, NB-3111 through NB-3113

(b) References to Other Sections. Other Sections referred to in Section III are the following:

(1) Section II, Materials. When a requirement for a material, or for the examination or testing of a material, is to be-it
accordance with a specification such as SA-105, SA-370, or SB-160, the reference is to material specifications in Section'1.
These references begin with the letter “S.”

(2) Section V, Nondestructive Examination. Section V references begin with the letter “T” and relate to.the'nondes-
tructive examination of material or welds.

(3) Section 1X, Welding and Brazing Qualifications. Section IX references begin with the letter,“Q”;and relate to
welding and brazing requirements.

(4) Section XI, Rules for Inservice Inspection of Nuclear Power Plant Components. When a refefience 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\ity connection with them are
published by ASTM International (ASTM). At the time of publication of Section IlIjxsome such specifications were
notincluded in Section II of this Code. A reference to ASTM E94 refers to the specification so designated by and published
by ASTM (www.astm.org).

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

(3) Dimensional and other types of standards coveritgproducts such as valves, flanges, and fittings are also
published by the Manufacturers Standardization Society of the Valve and Fittings Industry (MSS) and are known
as Standard Practices. When a product is required by.\these rules to conform to a Standard Practice, for example
MSS SP-100, the Standard Practice referred to is_published by MSS (https://msshq.org). The applicable year of
issue of such a Standard Practice is that suffixed'to its numerical designation in Table NCA-7100-1, for example
MSS SP-58-2009.

(4) Specifications for welding and brazing materials are published by the American Welding Society (AWS)
(www.aws.org). Specifications of this typevare incorporated in Section II and are identified by the AWS designation
with the prefix “SF,” for example SFA:5.1.

(5) Standards applicable to the'design and construction of tanks and flanges are published by the American Petro-
leum Institute (API) and have designations such as API-605. When documents so designated are referred to in Section I1],
for example API-605-1988, they are standards published by API (www.api.org) and are listed in Table NCA-7100-1.

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

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

(2) Subsection Appendices are specifically applicable to just one subsection and are contained within that subsec-
tion. Subsection-specific mandatory and nonmandatory appendices are numbered in the same manner as Section III
Appendices, but with a subsection identifier (e.g.,, NF, NH, D2, etc.) preceding either the Roman numeral or the capital

*The American National Standards Institute (ANSI) was formerly known as the American Standards Association. Standards approved by the
Association were designated by the prefix “ASA” followed by the number of the standard and the year of publication. More recently, the
American National Standards Institute was known as the United States of America Standards Institute. Standards were designated by the prefix
“USAS” followed by the number of the standard and the year of publication. While the letters of the prefix have changed with the name of the
organization, the numbers of the standards have remained unchanged.
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letter for a unique designation. For example, NF-1I-1100 or NF-A-1200 would be part of a Subsection NF mandatory or
nonmandatory appendix, respectively. For Subsection CC, D2-IV-1120 or D2-D-1330 would be part of a Subsection CC
mandatory or nonmandatory appendix, respectively.

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

Changes listed below are identified on the pages by a margin note, (25), placed next to the affected area.

Page
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81
114
132
143
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145
150
150
151
153
154
162
171
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174
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174
180
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Location

List of Sections

Foreword

Personnel

Organization of Section III
NB-2110

NB-2122

NB-2211

NB-2311

NB-2431.1
NB-2561

NB-2576
NB-2577
NB-2583.2
NB-2584.2
NB-2610

NB-3125
NB-3554
NB-3683.4
NB-4243

Figure NB-4250-2

Figure NB-4250-3

NB-4333
NB-4422
NB-4424.1
NB-4424.2

Figure NB-4427-1
NB-4435
NB-4622.9
NB=5242
NB-5281

NB-5332
NB-5341
NB-5351
NB-6412
NB-6622

Change

Title of Section XI, Division 1 revised

Third, fourth, seventh, tenth, and eleventh paragraphs editorially revised
Updated

Paragraphs 9(c)(1) through 9(c)(5) editorially revised
Subparagraph (a) revised

Second paragraph revised

Revised

(1) Subparagraphs (a)(1)(-d) and (a)(2) revised

(2) Subparagraph (a)(1)(-f) added

Subparagraph (c) revised

(1) Subparagraphs (a), (b), and (b)(2) revised

(2) Subparagraphs (c) and (d) added

Subparagraphs (b), (c)(3), andy(c)(4) revised
Subparagraph (b) revised

Subparagraph (a) revised

Revised

(1) Subparagraphsy(b), (c), and (c)(1) revised

(2) Subparagtaph (c)(2) added and subsequent subparagraphs redesignated
Revised

In subpara. (c) equation, S, corrected by errata to S, (max)
Subparagraph (c)(1) revised

Revised

(1) Ilustration and General Note (e) revised

(2) General Note (f) added

(1) Revised

(2) General Notes (d) and (e) added

Revised

Title revised and first paragraph deleted

Subparagraph (b) revised and subpara. (g) added
Subparagraph (a) revised

In Note (3), “x min.” revised to “x, min.”

Subparagraph (b)(3) revised

In subpara. (a)(9)(-b), “F-No. 3” corrected by errata to “F-No. 43"
Revised

(1) In subpara. (a), “N-5 Data Report” revised to “N-3 Data Report”
(2) Subparagraphs (c) through (f) added

Subparagraph (a)(2) corrected by errata

Subparagraph (b) revised

Subparagraph (b) revised

Subparagraph (a) revised

Subparagraph (a) revised
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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 alphahtmerically 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 designatots under which the breakdown
appears. The following examples show the format:

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

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

(3) 1If X.1(c)(1)(-a) is referenced in X.1(e)(1), it will be referenced\as’(c)(1)(-a).
(4) 1f 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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ASME BPVC.IIL.1.NB-2025

ARTICLE NB-1000
INTRODUCTION

NB-1100 SCOPE

NB-1110 ASPECTS OF CONSTRUCTION COVERED
BY THESE RULES

(a) Subsection NB contains rules for the material,
design, fabrication, examination, testing, overpressure
relief, marking, stamping, and preparation of reports
by the Certificate Holder of items that are intended to
conform to the requirements for Class 1 construction.

(b) The rules of Subsection NB cover the requirements
for strength and pressure integrity of items, the failure of
which would violate the pressure-retainingboundary. 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 material.
NCA-1130 gives further limitations to the rules of this
Subsection.

NB-1120 TEMPERATURE LIMITS

The rules of Subsection NB shall not be used foritems
thatare to be subjected to metal temperatures thatexceed
the temperature limitin the applicability column shown in
SectionII, Part D, Subpart 1, Tables 24, 2B, and 4 for design
stress intensity values. Above those/temperatures, the
creep and stress rupture characteristics of materials
permitted to be used become significant factors that
are not presently covered by theTules of this Subsection.
Fatigue design curves and spécified methods for fatigue
analysis are not applicable‘above 700°F (370°C) for mate-
rials covered by Sectioitll1 Appendices, Mandatory Appen-
dix I, Figures 1-9.1 and [-9.4, and above 800°F (425°C) for
materials coveréd by Section III Appendices, Mandatory
Appendix I,-Eigures 1-9.2 and [-9.3.

NB-1130, BOUNDARIES OF JURISDICTION
APPLICABLE TO THIS SUBSECTION

NB-1131 Boundary of Components

The Design Specification shall define the boundary of a
component to which piping or another component is
attached. The boundary shall be not closer to a vessel,
tank, pump, or valve than:

(a) the first circumferential joint in welded connec-
tions (the connecting weld shall be considered part of

the piping);

(b) the face of the first flange in bolted connections (the
bolts shall be considered part of the piping);
(c) the first threaded joint in screwed-connections.

NB-1132 Boundary Between-Components and
Attachments

NB-1132.1 Attachments.

(a) An attachment’is,an element in contact with or
connected to, the inside or outside of the
pressure-retaining-portion of a component.

(b) Attachments may have either a pressure-retaining
or a non-préssure-retaining function.

(1). Attachments with a pressure-retaining function
include, items such as pressure boundary stiffeners and
branch pipe and vessel opening reinforcement.

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

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

(-b) core support structures, internal structures,
or other permanent structures within the reactor pressure
vessel; and

(-c) vessel saddles, support and shear lugs,
brackets, pipe clamps, trunnions, skirts, and other
items in the support load path.

(c) Attachments may also have either a structural or
nonstructural function.

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

(-a) perform a pressure-retaining function;

(-b) are core support structures, internal struc-
tures, or other permanent structures within the
reactor pressure vessel; or

(-c) are in the support load path.

(2) Attachments with a nonstructural function
(nonstructural attachments):

(-a) donot perform a pressure-retaining function;

(-b) are not in the support load path;

(-c) may be permanent or temporary.

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

NB-1132.2 Jurisdictional Boundary. The jurisdictional
boundary between a pressure-retaining component and
an attachment defined in the Design Specification shall not
be any closer to the pressure-retaining portion of the
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component than as defined in (a) through (g) below.
Figures NB-1132.2-1 through NB-1132.2-4 are provided
as an aid in defining the boundary and construction re-
quirements of this Subsection.

(a) Attachments castor forged with the componentand
weld buildup on the component surface shall be consid-
ered part of the component.

(b) Attachments, welds, and fasteners having a
pressure-retaining function shall be considered part of
the component.

(c) Except as provided in (d) and (e) below, the
boundary between a pressure-retaining component
and an attachment not having a pressure-retaining func-
tion shall be at the surface of the component.

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

(e) The first connecting weld of a welded nonstructural
attachment to a component shall be considered part of the
attachment. At or within 2t from the pressure-retaining
portion of the component, the first connecting weld shall
conform to NB-4430.

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

(g) The boundary may be located further from €he
pressure-retaining portion of the component than as
defined in (a) through (f) above when specified in the
Design Specification.

NB-1140 ELECTRICAL AND MECHANICAL
PENETRATION ASSEMBLIES

Electrical and mechanical penpetration assemblies shall
be constructed in accordance with the rules for vessels,
except that the design and the material performing the
electrical conducting and\insulating functions need not
meet the requirements”of this Subsection.
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Figure NB-1132.2-1
Attachments in the Component Support Load Path That Do Not Perform a Pressure-Retaining Function

(1) Component shall conform.to Subsection NB.
@ Pressure-retaining.portion of the component.
@ Jurisdictionalbeundary (heavy line).

(@ Cast or forged attachment or weld buildup shall
confoffto Subsection NB.

@ Beyond 2t from the pressure-retaining portion
of-the component, the design rules of Article
NF-3000 may be used as a substitute for the
design rules of Article NB-3000.

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

@ Beyond 2t from the pressure-retaining portion
of the component or beyond the first connect-
ing weld, the attachment shall conform to Sub-
section NF [see Note (1)].

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

(9 Attachment connection shall conform to Sub-
section NF [see Note (1)].

At or within 2t from the pressure-retaining por-
tion of the component, the interaction effects
of the attachment shall be considered in accor-
dance with NB-3135.

() Drilled holes shall conform to Subsection NB.

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

NOTE: (1) If the attachment is an intervening element [NF-1110(c)], material, design, and connections, as appropriate, are outside Code
jurisdiction.
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Figure NB-1132.2-2
Attachments That Do Not Perform a Pressure-Retaining Function and Are Not in the Component Support Load Path
(Nonstructural Attachments)

A~
9
9
5
2t /\x /‘ 10
E S 1) 2t 7
6
10 8 11 )
@ Component shall conform to Subsection NB.
@ Pressure-retaining portion of.thes<component.
¢ \— @ Jurisdictional boundary (hedvy line).
@ Cast or forged attachment’or weld buildup shall
2 conform to Subsection'NB.
10
@ At or within 2t frem the pressure-retaining por-
tion of the component, the material of the first
4 4 /! 6 welded nenstructural attachment shall con-
> ¢ ', 5 form to.NB*2190; design is outside Code juris-

diction.

At or within 2t from the pressure-retaining por-
tion of the component, the first connecting
weld shall conform to NB-4430.

Beyond 2t from the pressure-retaining portion
of the component, the nonstructural attach-
ment is outside Code jurisdiction.

2t O, :

@ Q@@

Bearing, clamped, or fastened nonstructural at-
tachment is outside Code jurisdiction.

©

Nonstructural attachment connection is out-
side Code jurisdiction.

®

At or within 2t from the pressure-retaining por-
tion of the component, the interaction effects
of the nonstructural attachment shall be con-
sidered in accordance with NB-3135.

@ Drilled holes shall conform to Subsection NB.

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

@ Component shall cenform to Subsection NB.

@ Pressure-retaining/portion of the component.

©

Jurisdictional boundary (heavy line).

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

Welded attachment shall conform to Subsec-
tion NB.

@
®
(&) Bearing, clamped, or fastened attachment shall
@
®

conform to Subsection NB.

Attachment connection shall conform to Sub-
section NB.

Drilled holes shall conform to Subsection NB.

GENERAL NOTE: These sketches are intended to show jurisdictional concepts and should not be considered as recommended configurations.
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Figure NB-1132.2-4
Attachments Within the Reactor Pressure Vessel (Core Support Structures) That Do Not Perform a Pressure-Retaining
Function

@ Reactor pressure vessel conforms to
Subsection NB.

@ Pressure-retaining portion of the reactor
pressure vessel.

Jurisdictional boundary (heavy line).

@ Cast or forged attachment or wegld
buildup shall conform to Subséction NB.

Beyond 2t from the pressuré-retaining
portion of the reactor, pressure vessel,

the design rules of Article NG-3000 may be
used as a substitute for the design rules

of Article NB-3000!

At or within'2tfrom the pressure-retaining
portion(of,the reactor pressure vessel,

the first<connecting weld shall conform to
Subsection NB.

W
()
S

%
©

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

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

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

Head :
flange |

Holddown

At or within 2t from the pressure-retainin
spring = > P g

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

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

Section A-A

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

NOTE: (1) If the attachment is an internal structure (NG-1122), material, design, and connections, as appropriate, are outside Code jurisdiction
except when the‘cCore support structure Design Specification requires the internal structure to conform to Subsection NG.
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ARTICLE NB-2000
MATERIAL

NB-2100 GENERAL REQUIREMENTS FOR
MATERIAL

NB-2110 SCOPE OF PRINCIPAL TERMS EMPLOYED

(a) The terms material and Material Organization as
used in this Subsection are defined in Article NCA-9000.

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

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

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

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

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

(-b) disk forgings (axiallength less thdn the outside
diameter): the nominal thickness is the axial length.

(-¢) flat ring forgings (axial length less than the
radial thickness): for axial length{(22vin. (50 mm), the
axial length is the nominal thickness. For axial length
>2 in. (50 mm), the radial thickhess is the nominal thick-
ness.

(-d) rectangular selid forgings: the least rectan-
gular dimension is thelhominal thickness.

(3) castings

(-a) Thickness t for fracture toughness testing is
defined as .thé-nominal pipe wall thickness of the
connecting (piping.

(-b)* Thickness t for heat treatment purposes is
defined as the thickness of the pressure-retaining wall
ofithe casting, excluding flanges and sections designated
by the designer as nonpressure retaining.

NB-2120 PRESSURE-RETAINING MATERIAL
NB-2121 Permitted Material Specifications

(a) Pressure-retaining material shall conform to the re-
quirements of one of the specifications for material given
in Section II, Part D, Subpart 1, Tables 24, 2B, and 4,
including all applicable footnotes in the table, and to

all of the requirements of this Article that.apply to the
product form in which the material is used-Alternatively,
items manufactured using Advanced Manufacturing shall
conform to the requirements of Section III Appendices,
Mandatory Appendix XXVIII.

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

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

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

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

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

(d) Material for instrument line fittings and valves, NPS
1 (DN 25) and less, may be of material made to specifica-
tions other than those listed in Section 11, Part D, Subpart 1,
Tables 2A and 2B, provided that the fittings are in confor-
mance with the requirements of NB-3671.4, the valves
meet the requirements of NB-3500, and the material is
determined to be adequate for the service conditions
by the piping system designer for fittings.

(e) Welding and brazing material used in the manufac-
ture of items shall comply with an SFA specification in
Section 11, Part C, except as otherwise permitted in
Section IX, and shall also comply with the applicable re-
quirements of this Article. The requirements of this Article
do not apply to material used as backing rings or backing
strips in welded joints.

(f) Therequirements of this Article do notapply to hard
surfacing or corrosion-resistant weld metal overlay that is
10% or less of the thickness of the base material (see
NB-3122).
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NB-2122 Special Requirements Conflicting With
Permitted Material Specifications

Special requirements stipulated in this Article shall
apply in lieu of the requirements of the material specifi-
cation wherever the special requirements conflict with the
material specification requirements (NCA-4256). Where
the special requirements include an examination, test, or
treatment that is also required by the material specifica-
tion, the examination, test, or treatment need be
performed only once. Required nondestructive examina-
tions shall be performed as specified for each product
form in NB-2500. Any examination, repair, test, or treat-
ment required by the material specification or by this
Article may be performed by the Material Organization
or the Certificate Holder as provided in NB-4121. Any
hydrostatic or pneumatic pressure test required by a
material specification need not be performed, provided
the material is identified as not having been pressure
tested and it is subsequently pressure tested in the
system in accordance with NB-6114, except where the
location of the material in the component or the installa-
tion would prevent performing any nondestructive exam-
ination required by the material specification to be
performed subsequent to the hydrostatic or pneumatic
test.

The stress rupture test of SA-453 and SA-638 for Grade
660 (UNS S66286), of SA-453 for Grade 651 (UNS
S$63198), and of SB-637 for UNS N07750 and UNS
N07718 is not required for design temperatures not
exceeding the temperature limits in the applicability
column in Section II, Part D, Subpart 1, Tables 2A and’4.

NB-2124 Size Ranges

Material outside the limits of size or thickness given in
any specification in Section Il may be usedif the material is
in compliance with the other requirements of the speci-
fication and no size limitation is given in the rules for
construction. In those specifications in which chemical
composition or mechanical \properties are indicated to
vary with size or thickness; any material outside the spec-
ification range shall be required to conform to the compo-
sition and mechanical) properties shown for the nearest
specified range (NCA-4256).

NB-2125 Fabricated Hubbed Flanges

Fabricated hubbed flanges shall be in accordance with
the following:

(@) Hubbed flanges may be machined from a hot rolled
or‘forged billet. The axis of the finished flange shall be
parallel to the long axis of the original billet. (This is
not intended to imply that the axis of the finished
flange and the original billet must be concentric.)

(b) Hubbed flanges, except as permitted in (a) above,
shall not be machined from plate or bar stock material
unless the material has been formed into a ring, and
further provided that:

(1) in a ring formed from plate, the original plate
surfaces are parallel to the axis of the finished flange
(this is not intended to imply that the original plate
surface must be present in the finished flange);

(2) the joints in the ring are welded butt joints that
conform to the requirements of this Section. Thickness to
be used to determine postweld heat treatment and radio-
graphy requirements shall be the lesser of ¢, ex((A - B)/2,
where these symbols are as defined in Section Il Appen-
dices, Mandatory Appendix XI, XI-3130:

(c) The back of the flange and theouter surface of the
hub shall be examined by the magnetic particle method or
the liquid penetrant method in.a¢cordance with NB-2540
to ensure that these surfaces are free from defects.

NB-2126 Finned Tubes

NB-2126.1 Integrally Finned Tubes. Integrally finned
tubes may be made from tubes that conform to one of
the specifications for tubes listed in Section II, Part D,
Subpart 1, Tables 2A and 2B, and to all of the special re-
quirements of this Article that apply to that product form.
In addition, the following requirements shall apply:

fa) The requirements of NB-2550 shall be met by the
tiibe before finning.

(b) The tubes after finning shall conform to the appli-
cable heat treatment requirements of the basic material
specification.

(c) The design stress intensity values, design values of
yield strength, and tensile strength values shall be those
given in Section I, Part D, Subpart 1, Tables 2A and 2B, Y-1
and Y-2, and U, respectively, for the tube material from
which the finned tube is made.

(d) After finning, each tube shall be subjected to one of
the following tests:

(1) an internal pneumatic pressure test at not less
than 250 psi (1.7 MPa) without evidence of leakage.
The test method, such as immersion of the tube under-
water during the test, shall permit visual detection of
any leakage.

(2) an individual tube hydrostatic test at 1.25 times
the Design Pressure that permits complete examination of
the tube for leakage.

(e) A visual examination shall be performed after
finning. Material having discontinuities, such as laps,
seams, or cracks, is unacceptable. The visual examination
personnel shall be trained and qualified in accordance
with the Material Organization’s Quality System
Program or the Certificate Holder’s Quality Assurance
Program. These examinations are not required to be
performed either in accordance with procedures qualified
to NB-5100 or by personnel qualified in accordance with
NB-5500.
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NB-2126.2 Welded Finned Tubes. Welded finned tubes
may be made from P-No.1 and P-No. 8 tubular products
(pipe or tubing) that conform to one of the specifications
for tubes listed in Section II, Part D, Subpart 1, Table 24,
and to all of the special requirements of this Article that
apply to that product form. Heat transfer fins shall be of the
same P-Number as the tube and shall be attached by a
machine welding process, such as the electric resistance
welding or the high frequency resistance welding process.
In addition, the following requirements shall apply:

(a) Theheattransfer fins need notbe certified material.
The material for the heat transfer fins shall be identified
and suitable for welding; however, Certified Material Test
Reports are not required.

(b) The machine welding process used to weld the heat
transfer fins to the tubular material shall be performed in
accordance with a Welding Procedure Specification.

(c) The procedure qualification shall require that a
minimum of 12 cross-sections through the weld zone
shall be examined at 5X minimum magnification. There
shall be no cracks in the base material or weld; and
the weld penetration shall be limited to 20% of the
nominal tube wall thickness.

(d) For P-No. 1 material, the weld that attaches the fins
to the tubing shall be heat treated after welding to a
minimum temperature of 1,000°F (540°C).

(e) The fin is not considered to provide any support to
the tube under pressure loading.

NB-2127 Seal Membrane Material

Seal membrane material (see NB-4360) shalleonform
to the requirements of one of the material specifications
listed in Section II, Part D, Subpart 1, Tables 2A'and 2B. The
requirements of NB-2500 are applicable for the appro-
priate product form when the material thickness is
greater than %, in. (6 mm).

NB-2128 Bolting Material

(a) Material for bolts and studs shall conform to the
requirements of oneof the specifications listed in
Section II, Part D, Subpart 1, Table 4. Material for nuts
shall conform te~SA-194 or to the requirements of one
of the specifications for nuts or bolting listed in
Section II;.Part D, Subpart 1, Table 4.

(b) The'use of washers is optional. When used, they
shall be made of wrought material with mechanical prop-
erties compatible with the nuts with which they are to be
employed.

NB-2130 CERTIFICATION OF MATERIAL

All material used in construction of components shall be
certified asrequired in NCA-1224 and NCA-1225. Certified
Material Test Reports are required for pressure-retaining
material except as provided by NCA-1224.1. A Certificate
of Compliance may be provided in lieu of a Certified Mate-

rial Test Report for all other material. Copies of all Certi-
fied Material Test Reports and Certificates of Compliance
applicable to material used in a component shall be furn-
ished with the material.

NB-2140 WELDING MATERIAL

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

NB-2150 MATERIAL IDENTIFICATION

The identification of pressure-retainingsmaterial and
materials welded thereto shall meet the' requirements
of NCA-4256. Material for small item§/shall be controlled
during manufacture and installation’ of a component so
that they are identifiable as aceeptable material at all
times. Welding and brazing material shall be controlled
during the repair of material and the manufacture and
installation so that they are identifiable as acceptable
until the material-is-actually consumed in the process
(see NB-4122).

NB-2160 -DETERIORATION OF MATERIAL IN
SERVICE

Gousideration of deterioration of material caused by
séryvice is generally outside the scope of this Subsection.
[t'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 and the effects of fabrication used during
construction that may result in detrimental through-
wall residual stresses. 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 reactor vessel. Special consideration
shall be given to the influences of weld residual stresses
on in-service material degradation, such as stress corro-
sion cracking. Any special requirement shall be specified
in the Design Specifications [NCA-3211.19(b) and
NB-3124]. When so specified, the material check analysis
shall be made in accordance with the base metal specifi-
cation and in accordance with NB-2420 for the welding
material.

NB-2170 HEAT TREATMENT TO ENHANCE IMPACT
PROPERTIES

Carbon steels, low alloy steels, and high alloy chromium
(Series 4XX) steels may be heat treated by quenching and
tempering to enhance their impact properties. Postweld
heat treatment of the component at a temperature of not
less than 1,100°F (595°C) may be considered to be the
tempering phase of the heat treatment.
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NB-2180 PROCEDURES FOR HEAT TREATMENT
OF MATERIAL

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

NB-2190 NON-PRESSURE-RETAINING MATERIAL

(a) Material in the component support load path and
not performing a pressure-retaining function (see
NB-1130) welded to pressure-retaining material shall
meet the requirements of Article NF-2000.

(b) Material not performing a pressure-retaining func-
tion and not in the component support load path
(nonstructural attachments) welded at or within 2t of
the pressure-retaining portion of the component need
not comply with Article NB-2000 or Article NF-2000,
provided the requirements of NB-4430 are met.

(c) Structural steel rolled shapes, which are permitted
by this Subsection to be furnished with a Certificate of
Compliance, may be repaired by welding using the
welders, documentation, and examination requirements
specified in SA-6.

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

NB-2210 HEAT TREATMENT(REQUIREMENTS

NB-2211 Test Coupon Heat Treatment for Ferritic
Material’

Where ferritic steehmaterial is subjected to heat treat-
ment during fabrication or installation ofa component, the
material used:fop'the tensile and impact test specimens
shall be hedt treated in the same manner as the compo-
nent, except that test coupons and specimens for P-No. 1
Group*Nos. 1 and 2 material with a nominal thickness of 2
in(50’'mm) or less are not required to be so heat treated.

The Certificate Holder shall provide the Material Orga-
nization with the temperature and heating and cooling
rate to be used. The total time at temperature below
the lower transformation temperature shall be at least
80% of the total time to be applied to the component.
Heat treatment of the test material may be performed
in a single cycle.

10

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

NB-2212.1 Cooling Rates. Where ferritic steel material
is subjected to quenching from the austenitizing tempera-
ture, the test coupons representing that material shall be
cooled atarate similar to and no faster than the main body
of the material except in the case of certain forgings and
castings (see NB-2223.2 and NB-2226). This rule shall
apply to coupons taken directly from the material ‘ds
well as to separate test coupons representing the material,
and one of the general procedures described in NB-2212.2
or one of the specific procedures described‘in NB-2220
shall be used for each product form.

NB-2212.2 General Procedures{One of the general
procedures stipulated in (a), (b);-and (c) below may be
applied to quenched and tempered material or test
coupons representing the matérial, provided the speci-
mens are taken relativetovthe surface of the product
in accordance with NB-2220. Further specific details of
the methods to be used'shall be the obligation of the Mate-
rial Organizatiomand the Certificate Holder.

(a) Any precedure may be used that can be demon-
strated to produce a cooling rate in the test material
that matches the cooling rate of the main body of the
product.at the region midway between midthickness
and\the surface (%t) and no nearer any heat-treated
edge than a distance equal to the nominal thickness t
being quenched within 25°F (14°C) and 20 sec at all
temperatures after cooling begins from the austenitizing
temperature.

(b) If cooling rate data for the material and cooling rate
control devices for the test specimens are available, the
test specimens may be heat treated in the device to repre-
sentthe material, provided that the provisions of (a) above
are met.

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

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

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

(3) using thermal barriers or insulation at the edge
where specimens are to be removed.

It shall be demonstrated (and this information shall be
included in the Certified Material Test Report) that the
cooling rates are equivalent to (a) or (b) above.
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NB-2220 PROCEDURE FOR OBTAINING TEST
COUPONS AND SPECIMENS FOR
QUENCHED AND TEMPERED MATERIAL

NB-2221 General Requirements

The procedure for obtaining test coupons and speci-
mens for quenched and tempered material is related
to the product form. Coupon and specimen location
and the number of tension test specimens shall be in accor-
dance with the material specifications, except as required
by the following paragraphs. References to dimensions
signify nominal values.

NB-2222 Plates

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

NB-2222.2 Orientation and Location of Coupons.
Coupons shall be taken so that specimens shall have
their longitudinal axes at least '/t from a rolled
surface and with the midlength of the specimen at
least t from any heat-treated edge, where t is the
nominal thickness of the material.

NB-2222.3 Requirements for Separate Test Coupons.
Where a separate test coupon is used to represent the
component material, it shall be of sufficient size to
ensure that the cooling rate of the region from which
the test coupons are removed represents the cooling
rate of the material at least /3t déep and t from any
edge of the product. Unless cobling rates applicable to
the bulk pieces or product are simulated in accordance
with NB-2212.2(b), the dimensions of the coupon shall
be notless than 3¢t x 3t-Xt, where t is the nominal material
thickness.

NB-2223 Forgings

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

NB-2223.2 Very Thick and Complex Forgings. Test
coupons for forgings that are both very thick and
complex, such as contour nozzles, thick tubesheets,
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flanges, nozzles, pump and valve bodies, and other
complex forgings that are contour shaped or machined
to essentially the finished product configuration prior
to heat treatment may be removed from prolongations
or other stock provided on the product. The Certificate
Holder shall specify the surfaces of the finished
product subjected to high tensile stresses in service.
The coupons shall be taken so that specimens. shall
have their longitudinal axes at a distance below"the
nearest heat-treated surface, equivalent at least to the
greatest distance that the indicated high tensile stress
surface will be from the nearest surface during heat treat-
ment, and with the midlength of the specimens a minimum
of twice this distance from a second heat-treated surface.
In any case, the longitudinal axes of the specimens shall
not be nearer than %, in. (19\mm) to any heat-treated
surface and the midlength“of the specimens shall be at
least 1% in. (38 mm) ffom any second heat-treated
surface.

NB-2223.3 Coupons From Separately Produced Test
Forgings. Test\coupons representing forgings from one
heat and oneheat treatment lot may be taken from a sepa-
rately forged piece under the conditions given in (a)
through“(e) below.

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

(b) The separate test forging shall be heat treated in the
same furnace charge and under the same conditions as the
production forging.

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

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

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

NB-2223.4 Test Specimens for Forgings. When test
specimens for forgings are to be taken under the appli-
cable specification, the Inspector shall have the option
of witnessing the selection, placing an identifying
stamping on them, and witnessing the testing of these
specimens.
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NB-2224 Bar and Bolting Material

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

(b) Bolting. For bolting materials, tests shall be made of
either full-size bolts or test coupons as required by the
base specification. The gage length of the tension speci-
mens and the area under the notch of Charpy specimens
shall be at least one diameter or thickness from the
heat-treated end.

NB-2225 Tubular Products and Fittings

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

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

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

NOTE: Users of this requirement should note that the hardén-
ability of some grades may limit the usable section Size!

(a) Thissectionappliesonly to quenched ahd tempered
ferritic steel castings with a thickness t exceeding 2 in. (50
mm) where t is the thickness of the préssure-retaining
wall of the casting, excluding flangesand sections desig-
nated by the designer as nonpressureretaining. The order,
inquiry, and drawing shall designate what the thickness t
is for the casting.

(b) One of the following shall apply:

(1) The longitudinal centering of the thickness of the
tension test specimef shall be taken at least Y4t from the ¢
dimension surfagé..For cylindrical castings, the longitudi-
nal center line.ofthe specimens shall be taken at least %t
from the outside or inside surface and the gage length at
least ¢t from the as-heat-treated end.

(2)-"Where separately cast test coupons are used,
their-dimensions shall be not less than 3t x 3t x t and
each specimen cut from it shall meet the requirements
of (1) above. The test coupon shall be of the same heat
of steel and shall receive substantially the same casting
practices as the production casting it represents. (Centri-
fugal castings may be represented by statically cast
coupons.) The test coupon shall be heat treated under
the same conditions as the production casting(s). The t
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dimension of the test coupon shall be the same
maximum thickness t as defined in (a) above. Where sepa-
rate test blocks require reheat treatment, thermal buffers
in accordance with (1) above may be used.

(3) Where specimens are to be removed from the
body of the casting, a steel, thermal buffer pad 1t x 1t
x at least 3t shall be joined to the casting surface by a
partial penetration weld completely sealing the buffered
surface prior to the heat treatment process. The test spéci-
mens shall be removed from the casting in a location.adja-
cent to the center third of the buffer pad. They-shall be
located at a minimum distance of % in. (13 mni))from the
buffered surface and Yt from the othercheat-treated
surfaces.

(4) Where specimens are to be removed from the
body of the casting, thermal.insulation or other
thermal barriers shall be used.during the heat treatment
process adjacent to the casting‘edge where specimens are
to be removed. It shall beydemonstrated that the cooling
rate of the test specimenisno faster than that of specimens
taken by the method>déscribed in (1) above. This infor-
mation shall be included in the test reports.

(5) Where\cdastings are cast or machined to essen-
tially the finished product configuration prior to heat
treatment;, the test specimens shall be removed from a
casting prolongation or other stock on the product at a
location below the nearest heat-treated surface indicated
on the order. The specimens shall be located with their
longitudinal axes a distance below the nearest
heat-treated surface equivalent to at least the greatest
distance that the indicated high tensile stress surface
will be from the nearest heat-treated surface and with
their midlength a minimum of twice this distance from
asecond heat-treated surface. In any case, the longitudinal
axes of the test specimens shall be no nearer than %, in. (6
mm) to a heat-treated surface and the midlength shall be
at least 1% in. (38 mm) from a second heat-treated
surface. The component manufacturer shall specify the
surfaces of the finished product subjected to high
tensile stress in service.

NB-2300 FRACTURE TOUGHNESS
REQUIREMENTS FOR MATERIAL

NB-2310 MATERIAL TO BE IMPACT TESTED

NB-2311 Material for Which Impact Testing Is
Required

(a) Pressure-retaining material and material welded
thereto shall be impact tested in accordance with the re-
quirements of this subarticle, except that the material
listed in (1) through (7) below is not to be impact
tested as a requirement of this Subsection:

(1) material with a nominal section thickness of
% in. (16 mm) and less where the thicknesses shall be
taken as defined in (-a) through (-f) below:
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(-a) for pumps, valves, and fittings, use the largest
nominal pipe wall thickness of the connecting pipes;

(-b) for vessels and tanks, use the nominal thick-
ness of the shell or head, as applicable;

(-c) for nozzles or parts welded to vessels, use the
lesser of the vessel shell thickness to which the item is
welded or the maximum radial thickness of the item exclu-
sive of integral shell butt welding projections;

(-d) for flat heads, tubesheets, or flanges, use the
maximum shell thickness associated with the butt weld
hub;

(-e) for integral fittings used to attach process
piping to the containment vessel or a containment
vessel nozzle, use the larger nominal thickness of the
pipe connections;

(-f) forflatheads, tubesheets, or flanges thatdo not
have a butt weld hub and are not welded to a cylinder, the
applicable section thickness is the thickness of the flat
head, tubesheet, or flange.

(2) bolting, including studs, nuts, and bolts, with a
nominal size of 1 in. (25 mm) and less or all bolting
that is integral to pumps or valves meeting the conditions
listed in (4) or (5)

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

(4) all thicknesses of material for a pipe, tube,
fittings, pumps, and valves with a nominal pipe size
NPS 6 (DN 150) and smaller;

(5) material for pumps, valves, and fittings with all
pipe connections of % in. (16 mm) nominal wall thickness
and less;

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

(7) nonferrous material.

(b) Drop weight tests are not required for the marten-
sitic high alloy chromium (Series 4XX] steels and preci-
pitation hardening steels listed\in Section II, Part D,
Subpart 1, Table 2A. The ‘other requirements of
NB-2332 apply for these steels. For nominal wall thick-
nesses greater than 2'%"in. (64 mm), the required
Charpy V-notch valuessshall be 40 mils (1 mm) lateral
expansion.

NB-2320 IMPACT TEST PROCEDURES
NB-2321.Types of Tests

NB-2321.1 Drop Weight Tests. The drop weight test,
when required, shall be performed in accordance with
ASTM E208. Specimen types P-No. 1, P-No. 2, or P-No.
3 may be used. The results, orientation, and location of
all tests performed to meet the requirements of
NB-2330 shall be reported in the Certified Material
Test Report.

NB-2321.2 Charpy V-Notch Tests. The Charpy V-notch
test (Cy), when required, shall be performed in accordance
with SA-370. Specimens shall be in accordance with SA-
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370, Figure 11, Type A. A test shall consist of a set of three
full-size 10 mm x 10 mm specimens and meet the require-
ments of NB-2330. When the material being tested is
expected to exceed 80% of the testing machine’s full-
scale capacity, standard subsize specimens may be
used as permitted in SA-370. When subsize specimens
are used, the average lateral expansion and absorbed
energy results shall be a minimum of 50 mils.(1,27
mm) and 75 ft-1b (100 ]), respectively. The test location,
orientation, size, test temperature, lateral expansion, and
absorbed energy shall be reported in the Certified Material
Test Report.

NB-2321.3 Transition Temperature-Fracture Tough-
ness Tests. When the alternative7of NB-2331(a)(5) is
used, the fracture toughness tést)shall be performed in
accordance with ASTM E1921. The set of tests shall
meet the validity requiféments of ASTM E1921, and
specimen geometries¢having a suspected T, constraint
difference from C(T) shall be adjusted to represent C
(T) constraint as~tfecommended in ASTM E1921. The
results, orientation, and location of all tests performed
to meet théiarequirements of NB-2330 shall be reported
in the Certified Material Test Report.

NB-2322 Test Specimens

NB-2322.1 Location of Test Specimens. Impact test
specimens for quenched and tempered material shall
be removed from the locations in each product form speci-
fied in NB-2220 for tensile test specimens. For material in
other heat-treated conditions, impact test specimens shall
be removed from the locations specified for tensile test
specimens in the material specification. For all material,
the number of tests shall be in accordance with NB-2340.
Forbolting, the C, impact test specimen shall be taken with
the longitudinal axis of the specimen located at least one-
half radius or 1 in. (25 mm) below the surface plus the
machining allowance per side, whichever is less. The frac-
ture plane of the specimens shall be at least one diameter
or thickness from the heat-treated end. When the studs,
nuts, or bolts are not of sufficient length, the midlength of
the specimen shall be at the midlength of the studs, nuts, or
bolts. The studs, nuts, or bolts selected to provide test
coupon material shall be identical with respect to the
quenched contour and size except for length, which
shall equal or exceed the length of the represented
studs, nuts, or bolts.

NB-2322.2 Orientation of Impact Test Specimens.

(a) Specimens for C, impact tests shall be oriented as
follows:

(1) Specimens for forgings, other than bolting and
bars used for pressure-retaining parts of vessels,
pumps, and valves, shall be oriented in a direction
normal to the principal direction in which the material
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was worked. Specimens are neither required nor prohib-
ited from the thickness direction.

(2) Specimens from material for pipe, tube, and
fittings, except for those made from plate and castings,
shall be oriented in the axial direction. Specimens from
pipe material used for nozzles in vessels shall be oriented
in a direction normal to the principal direction in which
the material was worked, other than the thickness direc-
tion.

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

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

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

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

(b) Specimens for drop weight tests may have their
axes oriented in any direction. The orientation used
shall be reported in the Certified Material Test Report.

NB-2330 TEST REQUIREMENTS AND
ACCEPTANCE STANDARDS?

NB-2331 Material for Vessels

Pressure-retaining material for vessels, other than
bolting, shall be tested as follows:

(a) Establish a reference temperature RTypr; this shall
be done as follows:

(1) Determine a temperature Typr thatis ator above
the nil-ductility transition temperature by.drop weight
tests.

(2) At a temperature not greater than Typr + 60°F
(TnpT + 33°C), each specimen, ofithe C, test (see
NB-2321.2) shall exhibit at least\35 mils (0.89 mm)
lateral expansion and notless than-50 ft-1b (68 ]) absorbed
energy. Retesting in accordance with NB-2350 is
permitted. When these requirements are met, Typr is
the reference temperatiire RTypr-

(3) In the event that the requirements of (2) above
are not met, conduct additional C, tests in groups of three
specimens (see NB-2321.2) to determine the temperature
T¢, at which_they are met. In this case the reference
temperature RTnpr = Tc, — 60°F (T¢, - 33°C). Thus, the
reference temperature RTypr is the higher of Typr and
[T, =60°F (T¢, - 33°C)].

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

(5) Alternatively, a fracture toughness-based refer-
ence temperature, RTro, may be used in place of RTypr. The
reference temperature RTrq is defined as

(U.S. Customary Units)

RTyg = Ty + 35°F

(SI Units)
RTrg = Ty + 19.4°C

Determination of T shall be per NB-23241.3,and twice the
margin adjustment defined in ASTM E1921 shall be added.
(b) Apply the procedures of (a)*to (1), (2), and (3)

below:

(1) the base material;®

(2) the base material{the heat-affected zone, and
weld metal from the weld procedure qualification tests
in accordance with NB=4330;

(3) the weld metal of NB-2431.

(c) Barshayingawidth or diameter of 2 in. (50 mm) and
less that pnohibit obtaining drop weight test specimens
shall betested in accordance with NB-2332.

(d)~-Somie nozzles or appurtenances in vessels, regard-
less\'of product form, have insufficient material for
@btaining impact tests after heat treatment (except post-
weld heat treatment). In this case, it is not necessary to
perform both the drop weight and transverse C, impact
tests as required by (a). Instead, this material may be
tested by only using axial C, specimens. The three C, speci-
mens so removed shall be tested at a temperature lower
than or equal to the lowest service temperature but no
higher than the required RTypr + 60°F (RTxpt + 33°C)
for the vessel material to which the nozzle or appurte-
nance is attached. Each specimen shall exhibit at least
35 mils (0.89 mm) lateral expansion and not less than
50 ft-Ib (68 ]) absorbed energy.

(e) Consideration shall be given to the effects of irra-
diation (see NB-3124) on material toughness properties in
the core belt line region of the reactor vessel. The Design
Specifications shall include additional requirements, as
necessary, to ensure adequate fracture toughness for
the service lifetime of the vessel. The toughness properties
may be verified in service periodically by a material
surveillance program using the methods of ASTM E185
and the material conditions monitored by the inservice
inspection requirements of Section XI.

(f) Consideration shall be given to the test temperature
requirements of hydrostatic testing of the vessel (see
NB-6212).
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Table NB-2332(a)-1
Required C, Values for Piping, Pumps, and Valves

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

% (16) or less

Lateral Expansion,
mils (mm)

No test required

Over % to ¥, (16 to 19), incl. 20 (0.50)
Over ¥, to 1% (19 to 38), incl. 25 (0.64)
Over 1% to 2% (38 to 64), incl. 40 (1.00)

NOTE: (1) For pumps, valves, and fittings, use the nominal pipe wall
thickness of the connecting piping.

NB-2332 Material for Piping, Pumps, and Valves,
Excluding Bolting Material

(a) Pressure-retaining material, other than bolting,
with nominal wall thickness 2% in. (64 mm) and less
for piping (pipe and tubes) and material for pumps,
valves, and fittings with all pipe connections of
nominal wall thickness 2% in. (64 mm) and less shall
be tested as required in (1) and (2) below.

(1) Test three C, specimens at a temperature lower
than or equal to the lowest service temperature as estab-
lished in the design specification (see NB-3210). All three
specimens shall meet the requirements of Table
NB-2332(a)-1.

(2) Apply the procedures of (a) to

(-a) the base material;?

(-b) the base material, the heat-affected zonepand
weld metal from the weld procedure qualification-tests in
accordance with NB-4330; and

(-c) the weld metal of NB-2431.

(b) Pressure-retaining material, other than bolting,
with nominal wall thickness over,2%)in. (64 mm) for
piping (pipe and tubes) and.material for pumps,
valves, and fittings with anyypipe connections of
nominal wall thickness greater than 2% in. (64 mm)
shall meet the requiremeénts of NB-2331. The lowest
service temperature shall not be lower than RTypr +
100°F (56°C) unless’a lower temperature is justified
by following methods similar to those contained in
Section III Appendices, Nonmandatory Appendix G.

Table NB-2333-1
Required C, Values for Bolting Material

Lateral
Nominal Diameter, Expansion, Absorbed Energy,
in. (mm) mils (mm) ft-1b (J)
1 (25) or less No test No test required
required
Over 1 to 4 (25 to 100), 25 (0.64) No requirements
incl.
Over 4 (100) 25 (0.64) 45 (61)

15

NB-2333 Bolting Material

For bolting material, including studs, nuts, and bolts,
test three C, specimens at a temperature no higher
than the preload temperature or the lowest service
temperature, whichever is less. All three specimens
shall meet the requirements of Table NB-2333-1.

NB-2340 NUMBER OF IMPACT TESTS REQUIRED
NB-2341 Plates

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

NB-2342 Forgings and Castings

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

(b) WhenWeat treatment is performed in a continuous
type furnace with suitable temperature controls and
equipped with recording pyrometers so that complete
heat \treatment records are available, a heat treatment
charge shall be considered as the lesser of a continuous
run not exceeding 8 hr duration or a total weight, so
treated, not exceeding 2,000 1b (900 kg).

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

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

(e) Forgings or castings larger than 10,000 1b (4 500
kg) shall have two tests per part for Charpy V-notch
and one test for drop weights. The location of drop
weight or C, impact test specimens shall be selected so
that an equal number of specimens is obtained from posi-
tions in the forging or casting 180 deg apart.

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

NB-2343 Bars

One test shall be made for each lot of bars with
cross-sectional area greater than 1 in.? (650 mm?),
where a lot is defined as one heat of material heat
treated in one charge or as one continuous operation,
not to exceed 6,000 1b (2700 kg).
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NB-2344 Tubular Products and Fittings

On products that are seamless or welded without filler
metal, one test shall be made from each lot. On products
that are welded with filler metal, one additional test with
the specimens taken from the weld area shall also be made
on each lot. Alotshall be defined as stated in the applicable
material specification, but in no case shall a lot consist of
products from more than one heat of material and of more
than one diameter, with the nominal thickness of any
product included not exceeding that to be impact
tested by more than ¥, in. (6 mm); such a lot shall be
in a single heat treatment load or in the same continuous
run in a continuous furnace controlled within a 50°F
(28°C) range and equipped with recording pyrometers.

NB-2345 Bolting Material

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

Diameter, in. (mm)
1%, (44) and less
Over 1%, to 2% (44 to 64)
Over 2% to 5 (64 to 125)
Over 5 (125)

Weight, 1b (kg)
1,500 (400)
3,000 (1350)
6,000 (2 700)
10,000 (4 500)

NB-2346 Test Definitions

Unless otherwise stated in NB-2341 through NB-23%5,
the term one test is defined to include the combination of
the drop weighttestand the C, test when RTypris béquired
[see NB-2331 and NB-2332(b)] and only the'C, test when
determination of RTypr is not required/fsee NB-2332(a)
and NB-2333].

NB-2350 RETESTS

(a) For C, tests required by'NB-2330, one retest at the
same temperature may bé-conducted provided the re-
quirements of (1) through (3) below are met:

(1) the average'value of the test results meets the
minimum requirements;

(2) notniere than one specimen per test is below the
minimum requirements;

(3)«the specimen not meeting the minimum require-
mentsisnot lower than 10 ft-1b (14 ]J) or 5 mils (0.13 mm)
below/the specified requirements.

(V) Aretest consists of two additional specimens taken
as near as practicable to the failed specimens. For accep-
tance of the retest, both specimens shall meet the
minimum requirements.
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NB-2360 CALIBRATION OF INSTRUMENTS AND
EQUIPMENT

Calibration of temperature instruments and C, impact
test machines used in impact testing shall be performed at
the frequency given in (a) and (b) below.

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

(b) C,impact test machines shall be calibrated and the
results recorded to meet the requirements of NGA-4258.2.
The calibrations shall be performed using the‘frequency
and methods outlined in ASTM E23 and.émploying stan-
dard specimens obtained from the Natienal Institute of
Standards and Technology, or any‘supplier of subcon-
tracted calibration services acoredited in accordance
with the requirements of NCA<3126 and NCA-4255.3(c).

NB-2400 WELDING MATERIAL
NB-2410 GENERAL REQUIREMENTS

(a) All welding material used in the construction and
repair of components or material, except welding material
used foreladding or hard surfacing, shall conform to the
requirements of the welding material specification or to
therequirements for other welding material as permitted
ifi.Section IX. In addition, welding material shall conform
to the requirements stated in this subarticle and to the
rules covering identification in NB-2150.

(b) The Certificate Holder shall provide the organiza-
tion performing the testing with the information listed
below, as applicable.

(1) welding process;

(2) SFA Specification and classification;

(3) other identification if no SFA Specification
applies;

(4) minimum tensile strength [see NB-2431.1(e)] in
the as-welded or heat-treated condition or both [see
NB-2431.1(c)];

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

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

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

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

(9) elements for which chemical analysis is required
per the SFA Specification or Welding Procedure Specifi-
cation and NB-2432;

(10) minimum delta ferrite (see NB-2433).
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NB-2420 REQUIRED TESTS

The required tests shall be conducted for each lot of
covered, flux-cored, or fabricated electrodes; for each
heat of bare electrodes, rod, or wire for use with the
OFW, GMAW, GTAW, PAW, and EGW (electrogas
welding) processes (Section IX, QG-109); for each heat
of consumable inserts; for each combination of heat of
bare electrodes and lot of submerged arc flux; for each
combination of lot of fabricated electrodes and lot of
submerged arc flux; for each combination of heat of
bare electrodes or lot of fabricated electrodes, and dry
blend of supplementary powdered filler metal, and lot
of submerged arc flux; or for each combination of heat
of bare electrodes and lot of electroslag flux. The defini-
tions in SFA-5.01 and the Lot Classes specified in (a)
through (e) below shall apply.

(a) each Lot Class C3 of covered electrodes.

(b) each Lot Class T2 of tubular-cored electrodes and
rods (flux cored or fabricated).

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

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

(e) each Lot Class S2 of fully metallic solid welding elec-
trodes or each Lot Class T2 of tubular-cored (fabricated)
electrodes and each Lot Class F2 of submerged arc or €lec-
troslag welding flux and each Lot Class S2 of supplemen-
tary powdered filler metal. The chemical analysistange of
the supplemental powdered filler metal shall. b€ the same
as that of the welding electrode, and the ratio of powder to
electrode used to make the test coupon shall be the
maximum permitted for productiomwelding.

In all cases, when filler metal of ‘controlled chemical
composition (as opposed to Heat control) is used, each
container of welding consumable shall be coded for iden-
tification and shall be traeeable to the production period,
the shift, the manufacturing line, and the analysis of the
steel rod or strip. Carbon, manganese, silicon, and other
intentionally added elements shall be identified to ensure
that the material"conforms to the SFA or user’s material
specification.,The use of controlled chemical composition
is only permitted for carbon and low alloy steel consum-
ables.-Tests performed on welding material in the quali-
fieation of weld procedures will satisfy the testing
reguirements for the lot, heat, or combination of heat
and batch of welding material used, provided the tests
required by Article NB-4000 and this subarticle are
made and the results conform to the requirements of
this Article.
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NB-2430 WELD METAL TESTS
NB-2431 Mechanical Properties Test

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

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

(b) consumable inserts (backing filler material);

(c) welding material used for GTAW root.deposits with
a maximum of two layers;

(d) welding material to be used forthe welding of base
material exempted from impacttesting by NB-2311 shall
likewise be exempted from theimpact testing required by
NB-2330 and this paragraph.

NB-2431.1 GenerallTest Requirements. The welding
test coupon shallsbe' made in accordance with (a)
through (f) belew,-using each process with which the
weld material will be used in production welding.

(a) Testeoupons shall be of sufficient size and thick-
ness such that the test specimens required herein can be
remoyed:

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

(c) The welding of the test coupon shall be performed
within the range of preheat and interpass temperatures
that will be used in production welding. Coupons shall be
tested in the as-welded condition, or they shall be tested in
the applicable postweld heat-treated condition when the
production welds are to be postweld heat treated. The
total time at temperature below the lower transformation
temperature shall be at least 80% of the total time to be
applied to the component. Heat treatment of the test mate-
rial may be performed. In addition, weld coupons for weld
metal to be used with the electroslag process, which are
tested in the as-welded condition or following a postweld
heat treatment within the holding temperature ranges of
Table NB-4622.1-1 or Table NB-4622.4(c)-1, shall have a
thickness within the range of 0.5 to 1.1 times the thickness
of the welds to be made in production. Electroslag weld
coupons to be tested following a postweld heat treatment,
which will include heating the coupon to a temperature
above the Holding Temperature Range of Table
NB-4622.1-1 for the type of material being tested, shall
have a thickness within the range of 0.9 to 1.1 times
the thickness of the welds to be made in production.

(25)
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(d) The tensile specimens, and the C, impact specimens
where required, shall be located and prepared in accor-
dance with the requirements of SFA-5.1 or the applicable
SFA specification. Drop weight impact test specimens,
where required, shall be oriented so that the longitudinal
axis is transverse to the weld with the notch in the weld
face or in a plane parallel to the weld face. For impact
specimen preparation and testing, the applicable parts
of NB-2321.1 and NB-2321.2 shall apply. The longitudinal
axis of the specimen shall be at a minimum depth of %t
from a surface, where t is the thickness of the test weld.

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

(f) Impact specimens of the weld metal shall be tested
where impact tests are required for either of the base
materials of the production weld. The weld metal shall
conform to the parts of NB-2331(a) or NB-2332 applicable
to the base material. Where different requirements exist
for the two base materials, the weld metal may conform to
either of the two requirements.

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

(a) Testing to the requirements of\this subparagraph
shall be limited to electrode classifications included in
Specifications SFA-5.1 or SFA-5.5:

(b) The test assembly required by SFA-5.1 or SFA-5.5,
as applicable, shall be used«for test coupon preparation,
except that it shall be ifcreased in size to obtain the
number of C, specimens and the drop weight test speci-
mens required by NB<2331(a) or NB-2332, where appli-
cable.

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

(d) The tensile and C, specimens shall be located and
prepared in accordance with the requirements of SFA-5.1
or SFA-5.5, as applicable. Drop weight impact test speci-
mens, where required, shall be located and oriented as
specified in NB-2431.1(d).

(e) One all weld metal tensile specimen shall be tested
and shall meet the specified minimum tensile strength
requirement of the SFA Specification for the applicable
electrode classification.

(f) The requirements of NB-2431.1(f) shall be applica-
ble to the impact testing of this option.

NB-2432 Chemical Analysis Test

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

NB-2432.1 Test Method. The chemical analysis test
shall be performed in accerdance with this subparagraph
and Table NB-2432.1-4, and the results shall conform to
NB-2432.2.

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

(b) A-No.8 welding material to be used with other than
the GTAW and PAW processes and other welding material
to be used with other than the GTAW, PAW, or GMAW
process shall have chemical analysis performed on a
weld deposit of the material or combination of materials
being certified in accordance with (c) or (d) below. The
removal of chemical analysis samples shall be from an
undiluted weld deposit made in accordance with (c).
As an alternative, the deposit shall be made in accordance
with (d) for material that will be used for
corrosion-resistant overlay cladding. Where the
Welding Procedure Specification or the welding material
specification specifies percentage composition limits for
analysis, it shall state that the specified limits apply for the
filler metal analysis, the undiluted weld deposit analysis,
or in situ cladding deposit analysis in conformance with
the above required certification testing.

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

Welding All Other

Material GTAW/PAW GMAW Processes
A-No. 8 filler Filler metal or Weld deposit Weld

metal weld deposit deposit
All other Filler metal or Filler metal or Weld

filler metal weld deposit weld deposit deposit
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Table NB-2432.2(a)-1
Chemical Analysis for Reactor Vessel Welding Material

Elements
C, Cr, Mo, Ni, Mn, Si, P, S, V, Cu

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

Materials

Carbon and low alloy materials

Chromium and Cr-Ni stainless
material

(c) The preparation of samples for chemical analysis of
undiluted weld deposits shall comply with the method
given in the applicable SFA Specification. Where a weld
deposit method is not provided by the SFA specification,
the sample shall be removed from a weld pad, groove, or
other test weld* made using the welding process that will
be followed when the welding material or combination of
welding materials being certified is consumed. The weld
for A-No. 8 material to be used with the GMAW or EGW
process shall be made using the shielding gas composition
specified in the Welding Procedure Specifications that will
be followed when the material is consumed. The test
sample for ESW shall be removed from the weld metal
of the mechanical properties test coupon. Where a chem-
ical analysis is required for a welding material that does
not have a mechanical properties test requirement, a
chemical analysis test coupon shall be prepared as
required by NB-2431.1(c), except that heat treatment
of the coupon is not required and the weld coupon thick-
ness requirements of NB-2431.1(c) do not apply.

(d) The alternative method provided in (b) aboyve/for
the preparation of samples for chemical analysis of
welding material to be used for corrosion.resistant
overlay cladding shall require a test weld made in accor-
dance with the essential variables of the Welding Proce-
dure Specification that will be followedwhen the welding
material is consumed. The test weldvshall be made in
conformance with the requirements of Section IX,
QW-214.1. The removal of chemical analysis samples
shall conform with Section/lX, Table QW-453 for the
minimum thickness for ‘which the welding procedure
specification is qualified:

NB-2432.2 Requirements for Chemical Analysis. The
chemical elements to be determined, the composition re-
quirements ofthe weld metal, and the recording of results
of the chemical analysis shall be in accordance with (a)
through-(c) below.

Table NB-2432.2(a)-2
Chemical Analysis for Welding Material for Other Than
Reactor Vessel Welds

Elements
C, Cr, Mo, Ni, Mn, Si, Cb + Ta

Material

Chromium-Nickel stainless steels
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(a) See below.

(1) All welding material to be used in the reactor
vessel shall be analyzed for the elements listed in
Table NB-2432.2(a)-1.

(2) All welding material of ferrous alloys A-No. 8 and
A-No. 9 (Section IX, Table QW-442) to be used in other.
components shall be analyzed for the elements listed
in Table NB-2432.2(a)-2 and for any other elements speci-
fied in the welding material specification refereficed by
the WPS or in the WPS.

(3) All other welding material shall be-analyzed for
the elements specified in either the welding material spec-
ification referenced by the WPS or in the WPS.

(b) The chemical composition ofth&¥weld metal or filler
metal shall conform to the welding material specification
for elements having specified\pércentage composition
limits. Where the Welding Procedure Specification
contains a modification“ef the composition limits of
SFA or other referenced/welding material specifications,
or provides limitsforadditional elements, these composi-
tion limits of the~Welding procedure specification shall
apply for aceeptability.

(c) Theiresults of the chemical analysis shall be
reported .in accordance with NCA-1225.1. Elements
listed in Table NB-2432.2(a)-1 or Table
INB-2432.2(a)-2 but not specified in the welding material
specification or WPS shall be reported for information
only.

NB-2433 Delta Ferrite Determination

A determination of delta ferrite shall be performed on
A-No. 8 weld material (Section IX, Table QW-442) backing
filler metal (consumable inserts); bare electrode, rod, or
wire filler metal; or weld metal, except that delta ferrite
determinations are not required for SFA-5.9 and SFA-5.4,
Type 16-8-2, or A-No. 8 weld filler metal to be used for
weld metal cladding.

NB-2433.1 Method. Delta ferrite determinations of
welding material, including consumable insert material,
shall be made using a magnetic measuring instrument
and weld deposits made in accordance with (b) below.
Alternatively, the delta ferrite determinations for
welding materials may be performed by the use of chem-
ical analysis of 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 deter-
mination shall be made in accordance with 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).
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Figure NB-2433.1-1
Weld Metal Delta Ferrite Content
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GENERAL NOTES:

(a) The actual nitrogen content is preferred. If this is nét available, the following applicable nitrogen value shall be used:
(1) GMAW welds — 0.08%, except that when selfyshielding flux cored electrodes are used — 0.12%.

(2) Welds made using other processes — 0.06%.

(b) This diagram is identical to the WRC-1992 Diagram, except that the solidification mode lines have been removed for ease of use.

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

NB-2440 STORAGE AND HANDLING OF WELDING
MATERIAL

Suitable storage and handling of electrodes, flux, and
other welding material shall be maintained. Precautions
shall be taken to minimize absorption of moisture by
flixes and cored, fabricated, and coated electrodes.
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NB-2500 EXAMINATION AND REPAIR OF
PRESSURE-RETAINING MATERIAL

NB-2510 EXAMINATION OF
PRESSURE-RETAINING MATERIAL

(a) Pressure-retaining material and material welded
thereto shall be examined by nondestructive methods ap-
plicable to the material and product form as required by
the rules of this subarticle, except for pumps and valves
with inlet piping connections NPS 2 (DN 50) and less.
Seamless pipe, tubes, and fittings, NPS 1 (DN 25) and
less, need not be examined by the rules of this subarticle.
The NPS 1 (DN 25) size exemption does not apply to heat
exchanger tubing.

(b) For forged and cast pumps and valves with inlet
piping connections over NPS 2 (DN 50), up to and
including NPS 4 (DN 100), magnetic particle or liquid
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penetrant examinations may be performed in lieu of volu-
metric examination, except that the welding ends for cast
pumps and valves shall be radiographed for a minimum
distance of t (when t is the design section thickness of the
weld) from the final welding end.

(c) The requirements of this subarticle for repair by
welding, including examination of the repair welds,
shall be met wherever repair welds are made to
pressure-retaining material and material welded
thereto. The exceptions in (a) and (b) above do not
apply to repair welds.

NB-2520 EXAMINATION AFTER QUENCHING AND
TEMPERING

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

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

All plates 2 in. (50 mm) nominal thickness and less used
for piping, pumps, and valves shall be examined by the
angle beam ultrasonic method in accordance with
NB-2532.2. All plates for vessels and all plates greater
than 2 in. (50 mm) thickness shall be examined by the
straight beam ultrasonic method in accordance with
NB-2532.1.

NB-2532 Examination Procedures

NB-2532.1 Straight Beam Examination.-The require-
ments for straight beam examinatiop~shall be in accor-
dance with SA-578, Specificatiofi)for Straight Beam
Wave Ultrasonic Testing and Inspection of Plain and
Clad Steel Plates for Special Applications, as shown in
Section V, except that the €xtent of examination and
the acceptance standards\to be applied are given in (a)
and (b) below.

(a) Extent of Exarhination. One hundred percent of one
major plate surface shall be covered by moving the search
unit in parallel ‘paths with not less than a 10% overlap.

(b) Accéptance Standards

(1) Any area where one or more imperfections
produce a continuous total loss of back reflection accom-
panied by continuous indications on the same plane that
cannot be encompassed within a circle whose diameter is
3in. (75 mm) or one-half of the plate thickness, whichever
is greater, is unacceptable.

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

NB-2532.2 Angle Beam Examination. The require-
ments for angle beam examination shall be in accordance
with SA-577, Specification for Ultrasonic Beam Wave
Inspection of Steel Plates, as shown in Section V and
supplemented by (a) and (b) below. The calibration
notch, extent of examination, and acceptance standards
to be applied are given in (a) through (c) below.

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

(b) Extent of Examination. One hundred.percent of one
major plate surface shall be covered bymoving the search
unit in parallel paths with not lessZthan 10% overlap.

(c) Acceptance Standards. Material that shows one or
more imperfections that produce indications exceeding in
amplitude the indication from the calibration notch is un-
acceptable unless additional exploration by the straight
beam method shows\the imperfections are laminar in
nature and areZacceptable in accordance with
NB-2532.1(b).

NB-2537-Time of Examination

Aceeptance examinations shall be performed at the time
of manufacture as required in (a) through (c) below.

(a) Ultrasonic examination shall be performed after
rolling to size and after heat treatment, except for post-
weld heat treatment.

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

(c) Magnetic particle or liquid penetrant examination
of repair welds shall be performed after final heat treat-
ment, except that the examination may be performed prior
to postweld heat treatment of P-No.1 material 2 in. (50
mm) and less nominal thickness.

NB-2538 Elimination of Surface Defects

Surface defects shall be removed by grinding or
machining, provided the requirements of (a) through
(d) below are met.

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

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

(c) Areas ground to remove oxide scale or other
mechanically caused impressions for appearance or to
facilitate proper ultrasonic testing need not be examined
by the magnetic particle or liquid penetrant test method.
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(d) When the elimination of the defect reduces the
thickness of the section below the minimum required
to satisfy Article NB-3000, the product shall be repaired
in accordance with NB-2539.

NB-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 the
nominal thickness and the requirements of the following
subparagraphs are met. Prior approval of the Certificate
Holder shall be obtained for the repair of plates to be used
in the manufacture of vessels.

NB-2539.1 Defect Removal. The defect shall be
removed or reduced to an imperfection of acceptable
size by suitable mechanical or thermal cutting or
gouging methods and the cavity prepared for repair
(see NB-4211.1).

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

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

NB-2539.4 Examination of Repair Welds. Each repair
weld shall be examined by the magnetic particle method
(see NB-2545) or by the liquid penetrant method (see
NB-2546). In addition, when the depth of the répair
cavity exceeds the lesser of % in. (10 mm) or, 10% of
the section thickness, the repair weld shall pe*radio-
graphed after repair in accordance with NB-5110 and
to the acceptance standards of NB-5320! The image
quality indicator (IQI) and the acceptance standards
for radiographic examination of repair welds shall be
based on the section thickness at the repair area.

NB-2539.5 Heat TreatmentAfter Repairs. The product
shall be heat treated after;¥€pair in accordance with the
heat treatment requirements of NB-4620.

NB-2539.6 Material Report Describing Defects and
Repairs. Each defect repair exceeding in depth the
lesser of % it )(10 mm) or 10% of the section thickness
shall be deseribed in the Certified Material Test Report.
The Certifiéd Material Test Report for each piece shall
includera chart that shows the location and size of the
prepared cavity, the welding material identification,
the welding procedure, the heat treatment, and the exam-
ination results, including radiographs.

NB-2539.7 Repair of Cladding by Welding. The Mate-
rial Organization may repair defects in cladding by
welding, provided the requirements of (a) through (d)
below are met.
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(a) Qualification of Welding Procedures and Welders.
The welding procedure and the welders or welding opera-
tors shall be qualified in accordance with Article NB-4000
and with Section IX.

(b) Defect Removal and Examination of Cavity. The
defect shall be removed, and the cavity prepared for
repair shall be examined by the liquid penetrant
method (see NB-2546).

(c) Examination of Repaired Areas. The repaired atea
shall be examined by a liquid penetrant method (see
NB-2546).

(d) Report of Repairs. Each defect repait)shall be
described in the Certified Material Test Report for each
piece, including a chart that shows thé”/location and
size of the repair, the welding material identification,
welding procedure, heat treatment; and examination
results.

NB-2540 EXAMINATION_AND REPAIR OF
FORGINGS_AND BARS

NB-2541 Required'Examinations

(a) Forgings-and bars shall be examined by the ultra-
sonic method in accordance with NB-2542, except
forgings or. sections of forgings that have coarse grains,
or configurations that do not yield meaningful examina-
tion\results by ultrasonic methods, shall be examined by
radiographic methods in accordance with Section V,
Article 2, using the acceptance standards of NB-5320.
In addition, all external surfaces and accessible internal
surfaces shall be examined by a magnetic particle method
(see NB-2545) or a liquid penetrant method (see
NB-2546).

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

(c) Bar material used for bolting shall be examined in
accordance with NB-2580.

(d) Forgings and forged or rolled bars that are to be
bored to form tubular products or fittings shall be exam-
ined in accordance with the requirements of NB-2550
after boring.

(e) Forgings and forged or rolled bars that will subse-
quently be bored to form pump and valve parts shall be
examined in accordance with (a) after boring.

NB-2542 Ultrasonic Examination

NB-2542.1 Examination Procedure. All forgings in the
rough-forged or finished condition, and bars, shall be
examined in accordance with Section V, Article 5 and
the following supplemental requirements. The techniques
of (a) through (d) below are required, as applicable.

(a) Forgings may be examined by the use of alternative
ultrasonic methods that use distance amplitude correc-
tions, provided the acceptance standards are shown to
be equivalent to those listed in NB-2542.2.
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(b) Cylindrical section bars shall be scanned from the
entire external circumference.

(c) Noncylindrical section bars shall be scanned in two
perpendicular directions to the maximum extent possible
(through each pair of parallel sides).

(d) Bar products do not require recording and
reporting of indications smaller than the acceptance stan-
dard, except when so specified for specialized applica-
tions.

NB-2542.2 Acceptance Standards.

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

(b) Straight Beam Special Rule for Vessel Shell Sections

(1) Aring forging made to fine grain melting practice
and used for vessel shell sections shall be unacceptable if
the results of the straight beam radial examination show
one or more reflectors producing a continuous complete
loss of back reflection accompanied by continuous indica-
tions on the same plane that cannot be encompassed with
a circle whose diameter is 3 in. (75 mm) or one-half of the
wall thickness, whichever is greater.

(2) In addition, two or more reflectors smaller than
described in (1) above shall be unacceptable unless‘sépa-
rated by a minimum distance equal to the @reatest
diameter of the larger reflector or unless they~may be
collectively encompassed by the circle described in (1)
above.

(c) Angle Beam Rule. A forging shall be unacceptable if
the results of angle beam examinatiofis show one or more
reflectors that produce indicationsexceeding in amplitude
the indication from the appropriate calibration notches.

NB-2545 Magnetic Particle Examination

NB-2545.1 Examination Procedure. The procedure for
magnetic particle.examination shall be in accordance with
the methods of\Section V, Article 7. In lieu of magnetic
particle examination methods required by the material
specifigation, magnetic particle examination using the
alternating current yoke technique is permitted in accor-
dance with Section V, Article 7, when performed on final
machined surfaces of the material.

NB-2545.2 Evaluation of Indications.

(a) Mechanical discontinuities at the surface are
revealed by the retention of the examination medium.
All indications are not necessarily defects, however,
since certain metallurgical discontinuities and magnetic
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permeability variations may produce similar indications
that are not relevant.

(b) Any indication in excess of the NB-2545.3 accep-
tance standards, which is believed to be nonrelevant,
shall be reexamined by the same or other nondestructive
examination methods to verify whether or not actual
defects are present. Surface conditioning may precede
the reexamination. Nonrelevant indications that would
mask defects are unacceptable.

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

NB-2545.3 Acceptance Standards.

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

(b) Imperfections producing the following relevant
indications@re unacceptable:

(1) any Tinear indications greater than % in. (1.5
mm) Idng for material less than % in. (16 mm) thick,
gredter'than % in. (3 mm) long for material from % in.
(16-mm) thick to under 2 in. (50 mm) thick, and %
in. (5 mm) long for material 2 in. (50 mm) thick and
greater;

(2) rounded indications with dimensions greater
than % in. (3 mm) for thicknesses less than % in. (16
mm) and greater than ¥4 in. (5 mm) for thicknesses %
in. (16 mm) and greater;

(3) four or more relevant indications in a line sepa-
rated by % in. (1.5 mm) or less edge to edge;

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

NB-2546 Liquid Penetrant Examination

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

NB-2546.2 Evaluation of Indications.

(a) Mechanical discontinuities at the surface are
revealed by bleeding out of the penetrant; however, loca-
lized surface discontinuities, such as may occur from
machining marks, surface conditions, or an incomplete
bond between base metal and cladding, may produce
similar indications that are not relevant.

(b) Any indication in excess of the NB-2546.3 accep-
tance standards, which is believed to be nonrelevant,
shall be reexamined to verify whether or not actual
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defects are present. Surface conditioning may precede the
reexamination. Nonrelevant indications and broad areas
of pigmentation, which would mask defects, are unaccept-
able.

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

NB-2546.3 Acceptance Standards.

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

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

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

(2) rounded indications with dimensions greater
than % in. (3 mm) for thicknesses less than % in. (16
mm) and greater than ¥4 in. (5 mm) for thicknesses %
in. (16 mm) and greater;

(3) four or more relevant indications in a line sepa-
rated by % in. (1.5 mm) or less edge to edge;

(4) ten or more relevant indications in any 6 in
(4000 mm?) of area whose major dimension i§-to
more than 6 in. (150 mm) with the dimensions\taken
inthe mostunfavorable location relative to the indications
being evaluated.

NB-2547 Time of Examination

Acceptance examinations, including those for repair
welds, shall be performed at tlie, time of manufacture
as required in (a) through (f)xbelow.

(a) Ultrasonic examinatioh may be performed at any
time after forging [see NB:2541(d)], and the maximum
practical volume, including weld repairs, if required,
shall be examined ‘after final heat treatment, excluding
postweld heat treatment.

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

(d) Magnetic particle or liquid penetrant examination
shall be performed in the finished condition, except repair
welds of P-No. 1 material, 2 in. (50 mm) nominal thickness
and less, may be examined prior to postweld heat treat-
ment.

(d) Forgings and rolled bars that are to be bored or
turned to form tubular parts or fittings shall be examined
after boring or turning, except for threading.
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(e) Forgings and forged or rolled bars that will subse-
quently be bored or turned to form pump and valve parts
shall be examined after boring or turning, except for
threading.

(f) The requirement for surface examination may be
postponed for bars, 1 in. (25 mm) and less in diameter,
[see NB-2541(a)] for material used to fabricate tube plugs
for heat exchangers. Bar material, 1 in. (25 mm) and less in
diameter, shall be surface-examined after final machining
into tube plugs for heat exchangers.

NB-2548 Elimination of Surface Defects

Elimination of surface defects shall be niade in accor-
dance with NB-2538.

NB-2549 Repair by Welding

Repair by welding shall be in@ccordance with NB-2539,
except that:

(a) the depth of repair:that is permitted is not limited;
and

(b) for ferritic steel forgings, the completed repair may
be examined by.the ultrasonic method in accordance with
the requirements of NB-2542 in lieu of radiography.

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

NB-2551 Required Examination

In addition to the requirements of the material speci-
fication and of this Article, seamless and welded (without
filler metal) tubular products (including pipe flanges and
fittings machined from forgings and bars) shall comply
with the following:

(a) Wrought seamless and welded (without filler
metal) pipe and tubing shall be examined over the
entire volume® of the material in accordance with (1),
(2), (3), or (4), as follows. Tubular products may
require both outside and inside surface conditioning
prior to examination.

(1) Pipe and Tubing

(-a) Pipe and tubing smaller than 2% in. (64 mm)
0.D. shall be examined by the ultrasonic method in accor-
dance with NB-2552(a)(1) in two opposite circumferen-
tial directions® and by the eddy current method in
accordance with NB-2554, provided the product is
limited to sizes, materials, and thicknesses for which
meaningful results can be obtained by eddy current exam-
ination as evidenced by detection of required standards.

(-b) As an alternative to the eddy current exam-
ination or when the eddy current examination does
not yield meaningful results, an axial scan ultrasonic
examination in two opposite axial directions,® in accor-
dance with NB-2552(a)(2), shall be made.
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(2) Pipe and tubing 2% in. (64 mm) 0.D. and larger
shall be examined by the ultrasonic method in accordance
with NB-2552(a)(1) in two opposite circumferential
directions, and in accordance with NB-2552(a)(2) in
two opposite axial directions. Alternatively, for welded
without filler metal pipe larger than 6%, in. (170 mm)
0.D., the plate shall be examined by the ultrasonic
method in accordance with NB-2530 prior to forming
and the weld shall be examined by the radiographic
method in accordance with NB-2553. Radiographic exam-
ination of welds, including repair welds, shall be
performed after final rolling and forming and may be
performed prior to any required postweld heat treatment.

(3) Copper-nickel alloy and nickel alloy seamless
pipe and tubing shall be examined as follows:

(-a) Except as provided in (-d) below, each pipe
and tube, all sizes shall be ultrasonically examined in
accordance with NB-2552(a)(1) in two opposite circum-
ferential directions.

(-b) Except as provided in (-d) below, pipe and
tubing smaller than 2% in. (64 mm) 0.D. shall be examined
by the eddy current method in accordance with NB-2554 if
meaningful indications can be obtained from the reference
specimen notches. If meaningful indications cannot be
obtained from the reference specimen, an axial scan ultra-
sonic examination in two opposite axial directions, in
accordance with NB-2552(a)(2), shall be made.

(-c) Except as provided in (-d) below, pipe and
tubing 2% in. (64 mm) 0.D. and larger shall be examined
by an axial scan ultrasonic examination in two oppoSite
axial directions in accordance with NB-2552(a)(2).

(-d) For pipe and tubing that is specified to be
coarse grain structure, radiographic examination in accor-
dance with NB-2553 may be performed in-lieu of ultra-
sonic examination.

(4) Tubing used in steam generator fabrication shall
be examined as follows:

(-a) each tube shall be ultrasonically examined in
accordance with NB-2552(a){1) in two opposite circum-
ferential directions, and

(-b) by eddy current in accordance with NB-2554
if meaningful indicdtions can be obtained from the refer-
ence specimen, notches. If meaningful results cannot be
obtained from the reference specimen, an axial scan ultra-
sonic examlination in two opposite axial directions, in
accordande with NB-2552(a)(2), shall be made.

(b) Wrought seamless and welded without filler metal
fittings (including pipe flanges and fittings machined from
forgings and bars) shall be examined in accordance with
the material specification, and in addition by the magnetic
particle method in accordance with NB-2555, or the liquid
penetrant method in accordance with NB-2556 on all
external surfaces and all accessible internal surfaces
(excluding bolt holes and threads). Additionally, for
fittings over NPS 6 (DN 150) nominal size, the entire
volume shall be examined by the ultrasonic method, if
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feasible, in accordance with NB-2552, or the radiographic
method in accordance with NB-2553. Alternatively, the
plate shall be examined by the ultrasonic method in accor-
dance with NB-2530 prior to forming and the weld shall be
examined by the radiographic method in accordance with
NB-2553. Radiographic examination of welds, including
repair welds, shall be performed after final rolling and
forming, and may be performed prior to any required
postweld heat treatment.

(c) Tubular products used for vessel nozzles\shall be
examined over the entire volume of material by either
the ultrasonic method in two opposite: dibcumferential
directions in accordance with NB-2552(b) or the radio-
graphic method in accordance with-NB-2553, and shall
be examined on all external and all accessible internal
surfaces by either the magnetig particle method in accor-
dance with NB-2555 or thediquid penetrant method in
accordance with NB-2556.

NB-2552 Ultrasonic Examination®

(a) Examination Procedure for Pipe and Tubing. Inde-
pendent charmels or instruments shall be employed for
circumferential and axial scans.

(1)~Circumferential Direction. The procedure for
ultrasonic examination of pipe and tubing in the circum-
ferential direction shall be in accordance with SE-213. The
procedure shall provide a sensitivity that will consistently
detect defects that produce indications equal to, or greater
than, the indications produced by the standard defects
specified in (c).

(2) Axial Direction. When required by NB-2551, the
ultrasonic examination of pipe and tubing shall include
angle beam scanning in the axial direction. The procedure
for the axial scans shall be in accordance with SE-213,
except that the propagation of sound in the tube or
pipe wall shall be in the axial direction instead of the
circumferential direction. Figure NB-2552-1 illustrates
the characteristic oblique entry of sound into the pipe
or tube wall and the axial direction of ultrasonic
energy propagation to detect transverse notches or
similar surface discontinuities.

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

(b) Examination Procedure for Fittings

(1) Procedure. The procedure for ultrasonic exami-
nation of fittings shall be in accordance with Section V,
Article 5 for straight beam examination and, where
feasible, angle-beam examination in two circumferential
directions.

(2) Acceptance Standards. Fittings shall be unaccept-
able if straight beam examination shows one or more
reflectors that produce indications accompanied by
complete loss of back reflection not associated with or
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Figure NB-2552-1
Axial Propagation of Sound in Tube Wall
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attributable to the geometric configuration, or if angle
beam examination results show one or more reflectors
that produce indications exceeding in amplitude the indi-
cations from the calibrated notch. Complete loss of back
reflection is assumed when the back reflection falls below
5% of full calibration screen height.

(c) Reference Specimens

(1) The reference specimen shall be of the same
nominal diameter and thickness, and of the same
nominal composition and heat-treated condition as the
product that is being examined. For circumferential scan-
ning, the standard defects shall be axial notches or grooves
on the outside and inside surfaces of the refergnee
specimen, and shall have a length of approximately 1
in. (25 mm) or less, a width not to exceed Y4 ¢&in. (1.5
mm) for a square notch or U-notch, a width proportional
to the depth for a V-notch, and a depth not greater than the
larger of 0.004 in. (0.10 mm) or 5% of‘the nominal wall
thickness. For axial scanning in accordance with SE-213, a
transverse (circumferential) notch shall be introduced on
the inner and outer surfaces of the'standard. Dimensions
of the transverse notch shall not exceed those of the lon-
gitudinal notch. The reférence specimen may be the
product being examined:

(2) The reference specimen shall be long enough to
simulate the handlihg of the product being examined
through the examination equipment. When more than
one standatrd defect is placed in a reference specimen,
the defects shall be located so that indications from
eachdefectare separate and distinct without mutual inter-
ferenee or amplification. All upset metal and burrs adja-
cent to the reference notches shall be removed.

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

(1) atthebeginning of each production run of a given
size and thickness of a given material.
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(2) after each 4 hr or less during the production run.

(3) at the end of the production run.

(4) at any time that malfunctioning is suspected. If,
during any check, it is determined that the examination
equipment is not functioning properly, all of the products
that have been examined since the last valid equipment
calibration shall be reexamined.

NB-2553 Radiographic Examination

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

(b) Examination Procedure. Theradiographic examina-
tion shall be performed in aCepordance with Section V,
Article 2, as modified by NB-5111.

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

(1) any type’of crack or zone of incomplete fusion or
penetration;
(2) any‘other elongated indication that has a length
greater‘than:
(a) Y, in. (6 mm) for t up to %, in. (19 mm),
intlusive
(-b) Yt for t from %, in. (19 mm) to 2%, in. (57
mm), inclusive
(-¢c) ¥ in. (19 mm) for t over 2% in. (57 mm)

where t is the thickness of the thinner portion of the weld;

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

(4) rounded indications in excess of that shown as
acceptable in Section IIl Appendices, Mandatory Appendix
VL.

NB-2554 Eddy Current Examination

(a) General. This examination method is restricted to
materials with uniform magnetic properties and of sizes
for which meaningful results can be obtained.

(b) Examination Procedure. The procedure for eddy
current examination shall be in accordance with ASTM
E426 or ASTM E571. The procedure shall provide a sensi-
tivity that will consistently detect defects by comparison
with the standard defects included in the reference
specimen in (d).

(c) Acceptance Standards. Products with defects that
produce indications in excess of the reference standards
are unacceptable.
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(d) Reference Specimens. The reference specimen shall
be of the same nominal diameter and thickness, and of the
same nominal composition and heat-treated condition as
the product that is being examined. The standard shall
contain transverse (circumferential) notches on the
outside surface plus a % in. (1.5 mm) diameter hole
drilled through the wall. For copper-nickel alloy and
nickel alloy materials, the standard shall have one
notch extending circumferentially on the outside
surface and one notch extending circumferentially on
the inside surface plus a % in. (1.5 mm) diameter
hole drilled through the wall. These shall be used to estab-
lish the rejection level for the product to be tested. The
reference notches shall have a depth not greater than the
larger of 0.004 in. (0.10 mm) or 5% of the wall thickness.
The width of the notch shall not exceed % in. (1.5 mm).
The length shall be approximately 1 in. (25 mm) or less.
The size of reference specimens shall be as specified in
NB-2552(c). Additional examination using either trans-
verse notches or axial notches shall be performed
when required by the design specification.

(e) Checking and Calibration of Equipment. The
checking and calibration of examination equipment
shall be the same as in NB-2552(d).

NB-2555 Magnetic Particle Examination

Magnetic particle examination shall be performed in
accordance with the requirements of NB-2545.

NB-2556 Liquid Penetrant Examination

Liquid penetrant examination shall be performed in
accordance with the requirements of NB-2546.

NB-2557 Time of Examination

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

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

(1) Ultrasonic. gr,eddy current examination, when
required, shall be-performed after final heat treatment
required by Séction II material specification. Other
heat treamehnt including postweld treament, may be
performed-either prior to or after the examination.

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

(3) Magnetic particle or liquid penetrant examina-
tion, including repair welds, shall be performed after
final heat treatment, except that the examination may
be performed prior to postweld heat treatment for
P-No. 1 (Section IX of the Code) materials of 2 in. (50
mm) and less nominal thickness.
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(4) Forgingsandrolled barsthataretobeboredand/
or turned to form tubular parts or fittings shall be exam-
ined after boring and/or turning, except for threading.
Fittings shall be examined after final forming.

NB-2558 Elimination of Surface Defects

Surface defects shall be removed by grinding ox
machining, provided the requirements of (a) through
(c) below are met.

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

(b) After defectelimination, the area is;examined by the
method that originally disclosed the defect to ensure that
the defect has been removed or reduced to an imperfec-
tion of acceptable size.

(c) Ifthe elimination of the,defect reduces the thickness
of the section below the miinimum required to satisfy the
rules of Article NB-3000, the product shall be repaired in
accordance with NB-2559.

NB-2559 Repair by Welding

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

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

NB-2561 Required Examinations

(a) Welded (with filler metal) tubular products such as
pipe made in accordance with SA-358,SA-409,SA-671, SA-
672, and SA-691 and fittings made in accordance with the
WPW grades of SA-234, SA-403, and SA-420 thatare made
by welding with filler metal, shall be treated as material;
however, inspection by an Inspector and stamping with a
Certification Mark with NPT Designator shall be in accor-
dance with Section III requirements. In addition to the
Certification Mark with NPT Designator, the numeral 1
shall be stamped below and outside the official Certifica-
tion Mark.

(b) In addition to the requirements of the material
specification and of this Article, pipe and fittings shall
comply with the following:

(1) The plate shall be examined in accordance with
NB-2530 prior to forming, or alternatively, the finished
product shall be examined by the ultrasonic method in
accordance with NB-2562.

(2) All welds shall be examined 100% by radio-
graphy in accordance with the method and acceptance
requirements of the base material specification, and by
either the magnetic particle method in accordance
with NB-2565 or the liquid penetrant method in accor-
dance with NB-2566. If radiographic examination of
welds is not specified in the base material specification,

(25)
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the welds shall be examined by the radiographic method in
accordance with NB-2563.

(c) Tubular products and fittings that have been radio-
graphed shall be marked to indicate that radiography has
been performed. The radiographs and a radiographic
report showing exposure locations shall be provided
with the Certified Material Test Report.

(d) The Authorized Inspector shall certify the Partial
Data Report Form NM-1 (see Section IIl Appendices, Man-
datory Appendix V) by signing the report in accordance
with NCA-5290.

NB-2562 Ultrasonic Examination

The ultrasonic examination shall be performed in accor-
dance with the requirements of NB-2552.

NB-2563 Radiographic Examination

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

NB-2565 Magnetic Particle Examination

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

NB-2566 Liquid Penetrant Examination

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

NB-2567 Time of Examination

The time of examination shall be in accordance with-the
requirements of NB-2557, except that for magnetic
particle or liquid penetrant examination of welds,
including repair welds, for P-No. 1 (Section IX of the
Code), examination may be performed prior to postweld
heat treatment.

NB-2568 Elimination of Surface Defects

Unacceptable surface defe¢ts shall be removed in accor-
dance with the requireméents of NB-2558.

NB-2569 Repair.by Welding

When permitted by the basic material specification,
base material defects shall be repair welded in accordance
with the requirements of NB-2559. Repair welding of weld
seam defects shall be in accordance with NB-4450.

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

In addition to the requirements of the material speci-
fication and of this Article, statically and centrifugally cast
products shall comply with the following subparagraphs.
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NB-2571 Required Examination

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

In addition, all cast products shall be examined on all
external surfaces and all accessible internal surfaces by
either the magnetic particle or liquid penetrant
method. Machined surfaces, except threaded surfaces,
of a cast product shall be examined by either the
liquid penetrant or magnetic particle method after
machining.

NB-2572 Time of Nondestructive)Examination

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

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

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

[4) For finished thicknesses under 2% in. (64 mm),
€astings shall be radiographed within % in. (13 mm) or
20% of the finished thickness, whichever is greater. The
IQI and the acceptance reference radiographs shall be
based on the finished thickness.

(2) For finished thickness from 2% in. (64 mm) up to
6in. (150 mm), castings shall be radiographed within 20%
of the finished thickness. The IQI and the acceptance refer-
ence radiographs shall be based on the finished thickness.

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

(c) Radiography of castings for pumps and valves may
be performed in as-cast or rough machined thickness
exceeding the limits of (b)(1), (b)(2), or (b)(3) above,
subject to the following conditions.

(1) When the thickness of the as-cast or rough
machined section exceeds 2 in. (50 mm), acceptance
shall be based on reference radiographs for the next
lesser thickness; e.g., if the section being radiographed
exceeds 4 in. (114 mm), use reference radiographs
of ASTM E186. The 1QI shall be based on the thickness
of the section being radiographed.

(2) When the thickness of the as-cast or rough
machined section is 2 in. (50 mm) or less, the reference
radiographs of ASTM E446 shall be used, and the 1QI shall
be based on the final section thickness.
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Table NB-2571-1
Required Examinations

Nominal Pipe Size

Item

Applicable Special Requirements for Class 1 Castings

Inlet piping connections of NPS 2
(DN 50) and less

Cast products other than pumps and
valves

Cast products shall be examined by the radiographic method,
except cast ferritic steels, which shall be examined by
either the radiographic or ultrasonic method, or a
combination of both methods. Castings or sections of
castings that have coarse grains or configurations that,do
not yield meaningful examination results by the ultrasonic
method shall be examined by the radiographic method. In
addition, all cast products shall be examined on all'external
surfaces and all accessible internal surfaceS\by either the
magnetic particle or the liquid penetrant method.
Machined surfaces, except threadedssurfaces, of a cast
product shall be examined by eitherthe liquid penetrant or
the magnetic particle method after machining.

Cast pumps and valves None
Repair welds in pumps and valves of
P-No. 1 or P-No. 8 material None

Repair welds in cast products,
excluding repair welds in pumps
and valves of P-No. 1 or P-No. 8
material

Each repair weld shallbe examined by the magnetic particle
method or by:the liquid penetrant method. In addition,
repair welds”In’ cavities the depth of which exceed the
lesser of %4in. (10 mm) or 10% of the section thickness
shall'be radiographed in accordance with NB-2575.

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

Cast products — See Cast pumps and
valves below for exceptions

Castproducts shall be examined by the radiographic method,
except cast ferritic steels, which shall be examined by
either the radiographic or the ultrasonic method, or a
combination of both methods. Castings or sections of
castings that have coarse grains or configurations that do
not yield meaningful examination results by the ultrasonic
method shall be examined by the radiographic method. In
addition, all cast products shall be examined on all external
surfaces and all accessible internal surfaces by either the
magnetic particle or the liquid penetrant method.
Machined surfaces, except threaded surfaces, of a cast
product shall be examined by either the liquid penetrant or
the magnetic particle method after machining.

Cast pumps and valves

Magnetic particle or liquid penetrant examination may be
performed, in lieu of volumetric examination, except the
welding ends of cast pumps and valves shall be
radiographed for a minimum distance of t (when t is the
design section thickness of the weld) from the final weld
end.

Repair welds

Each repair weld shall be examined by the magnetic particle
method or by the liquid penetrant method. In addition,
repair welds in cavities the depth of which exceed the
lesser of % in. (10 mm) or 10% of the section thickness
shall be radiographed in accordance with NB-2575.
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Table NB-2571-1
Required Examinations (Cont’d)

Nominal Pipe Size Item

Applicable Special Requirements for Class 1 Castings

Inlet piping connections over NPS 4
(DN 100)

Cast products

Cast products shall be examined by the radiographic method,
except cast ferritic steels, which shall be examined by
either the radiographic or the ultrasonic method, or a
combination of both methods. Castings or sections of
castings that have coarse grains or configurations that do
notyield meaningful examination results by the ultrasonie
method shall be examined by the radiographic methed. Tn
addition, all cast products shall be examined on all éxternal
surfaces and all accessible internal surfaces by gither the
magnetic particle or the liquid penetrant method.
Machined surfaces, except threaded surfaces, of a cast
product shall be examined by either the liguid penetrant or
the magnetic particle method after machining.

Repair welds

Each repair weld shall be examined bythe magnetic particle
method or by the liquid pepetrant method. In addition,
repair welds in cavities thie.depth of which exceed the
lesser of % in. (10 mm) or10% of the section thickness
shall be radiographed ‘in“accordance with NB-2575.

(3) Weld ends for a minimum distance of t or % in.
(13 mm), whichever is less (where t is the design section
thickness of the weld), from the final welding end shall be
radiographed at a thickness within the limits given in
(b)(1), (b)(2), or (b)(3) above as applicable. As an alter-
native, the weld ends may be radiographed in the as-cast
or rough machined thickness in accordance with (1) and
(2) above, and the 1QI shall be based on the final section
thickness.

(d) Magnetic Particle or Liquid Penetrant Examindtion.
Magnetic particle or liquid penetrant examination shall be
performed after the final heat treatment requirzed by the
material specification. Repair weld areas shall be exam-
ined after postweld heat treatment when-a.postweld heat
treatmentis performed, except that repaifweldsin P-No. 1
(see Section IX of the Code) material 2 i (50 mm) nominal
thicknessand less may be examined prior to postweld heat
treatment. For cast products with machined surfaces, all
finished machined surfaces,éxcept threaded surfaces and
small deep holes, shall alsg;be examined by the magnetic
particle or the liquid penetrant method.

NB-2573 Provisions for Repair of Base Material by
Welding

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

NB-2573.1 Defect Removal. The defects shall be
removed or reduced to an imperfection of acceptable
size by suitable mechanical or thermal cutting or
gouging methods, and the cavity prepared for repair.
When thermal cutting is performed, consideration shall
be given to preheating the material.
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NB-2573.2 Répair by Welding. The Material Organiza-
tion may repair*castings by welding after removing the
material contdining unacceptable defects. The depth of
the repairtis not limited. A cored hole or access hole
may (be, closed by the Material Organization by welding
intaccordance with the requirements of this paragraph,
ptovided the hole is closed by filler metal only. If the
hole is closed by welding in a metal insert, the welding
shall be performed by a holder of a Certificate of Author-
ization in accordance with the requirements of the Code.

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

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

NB-2573.5 Examination of Repair Welds.

(a) Eachrepair weld shall be examined by the magnetic
particle method in accordance with the requirements of
NB-2577 or by the liquid penetrant method in accordance
with the requirements of NB-2576. In addition, when
radiography is specified in the order for the original
casting, repair cavities, the depth of which exceeds the
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lesser of % in. (10 mm) or 10% of the section thickness,
shall be radiographed after repair except that weld slag,
including elongated slag, shall be considered as inclusions
under Category B of the applicable reference radiographs.
The total area of all inclusions, including slag inclusions,
shall not exceed the limits of the applicable severity level
of Category B of the reference radiographs. The IQl and the
acceptance standards for radiographic examination of
repair welds shall be based on the actual section thickness
at the repair area.

(b) Examination of repair welds in P-No. 1 and P-No. 8
material is not required for pumps and valves with inlet
piping connections NPS 2 (DN 50) and less.

NB-2573.6 Heat Treatment After Repairs. The material
shall be heat treated after repair in accordance with the
heat treatment requirements of NB-4620, except that the
heating and cooling rate limitations of NB-4623 do not

apply.

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

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

(b) After defect elimination, the area is reexamined by
the magnetic particle method in accordance with NB-2577
or the liquid penetrant method in accordance with
NB-2576 to ensure that the defect has been remoyed
or reduced to an imperfection of acceptable size.

(c) If the elimination of the defect reduces the section
thickness below the minimum required by the-spécifica-
tion or drawing, the casting shall be repajred' in accor-
dance with NB-2539.

NB-2573.8 Material Report Describing Defects and
Repairs. Each defect repair exceeding in depth the
lesser of % in. (10 mm) or 10%.of the section thickness
shall be described in the Certified Material Test Report.
The Certified Material Test*Report for each piece shall
include a chart that shews the location and size of the
prepared cavity, theowelding material identification,
the welding procedure, the heat treatment, and the exam-
ination results,including radiographs, when radiography
is specifiedAn-the order for the original casting.

NB-2574 Ultrasonic Examination of Ferritic Steel
Castings

Ultrasonic examination shall be performed in accor-
dance with Section V, Article 5, T-571.4. Each manufac-
turer shall certify that the procedure is in accordance
with the requirements of NB-2574 and shall make the
procedure available for approval upon request.
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NB-2574.1 Acceptance Standards.

(a) The Quality Levels of SA-609 as shown in Section V

shall apply for the casting thicknesses indicated

(1) Quality Level 1 for thicknessesupto 2 in. (50 mm)

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

(3) Quality Level 4 for thicknesses greater than 4 in:
(100 mm)

(b) Inaddition to the Quality Level requirementsstated
in (a) above, the requirements in (1) through\[5) below
shall apply for both straight beam and anglé beam exam-
ination.

(1) Areasgivingindications exceeding the Amplitude
Reference Line with any dimension longer than those
specified in the following tabulation are unacceptable:

Longest Dimension of Area, in. (mm)

UT Quality Level [Notes (1)-(3)]
1 15 (38)
2 2.0 (50)
3 2.5 (64)
4 3.0 (75)
NOTES:

(1) ‘The areas for the Ultrasonic Quality Levels in SA-609 refer to
the surface area on the casting over which continuous indi-
cation, exceeding the transfer corrected distance amplitude
curve, is maintained.

Areas are to be measured from dimensions of the movement
of the search unit, using the center of the search unit as the
reference point.

In certain castings, because of very long metal path distances
or curvature of the examination surfaces, the surface area
over which a given discontinuity is detected may be consid-
erably larger or smaller than the actual area of the discon-
tinuity in the casting; in such cases, other criteria that
incorporate a consideration of beam angles or beam
spread must be used for realistic evaluation of the discon-
tinuity.

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

(3) Discontinuities indicated to have a change in
depth equal to or greater than one-half the wall thickness
or 1 in. (25 mm) (whichever is less) are unacceptable.

(4) Two or more imperfections producing indica-
tions in the same plane with amplitudes exceeding the
Amplitude Reference Line and separated by a distance
less than the longest dimension of the larger of the adja-
centindications are unacceptable if they cannot be encom-
passed within an area less than that of the Quality Level
specified in (1) above.

(5) Two or more imperfections producing indica-
tions greater than permitted for Quality Level 1 for cast-
ings less than 2 in. (50 mm) in thickness, greater than
permitted for Quality Level 2 for thicknesses 2 in. (50
mm) through 4 in. (100 mm), and greater than permitted

(2)

3)
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for Level 3 for thicknesses greater than 4 in. (100 mm),
separated by a distance less than the longest dimension of
the larger of the adjacent indications are unacceptable, if
they cannotbe encompassed in an arealess than that of the
Quality Level requirements stated in (a) above.

NB-2575 Radiographic Examination

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

NB-2575.2 Extent. Radiographic examination shall be
performed on pressure-retaining castings such as vessel
heads and flanges, valve bodies, bonnets and disks, pump
casings and covers, and piping and fittings. The extent of
radiographic coverage shall be of the maximum feasible
volume and, when the shape of the casting precludes
complete coverage, the coverage shall be at least as exem-
plified in the typical sketches as shown in Figure
NB-2575.2-1.

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

(a) The geometricunsharpnesslimitations of SectionV,
Article 2, T-274.2 need not be met.

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

(1) type and thickness of filtersyif ‘used

(2) for multiple film techniques,'whether viewing is
to be single or superimposed, if used

(3) blocking or masking,technique, if used

(4) orientation of location markers

(5) description of how internal markers, when used,
locate the area of intetest

(c) Thelocation oflocation markers (e.g.,lead numbers
or letters) shall bepermanently stamped on the surface of
the casting in-amanner permitting the area of interest on a
radiograph te’ be accurately located on the casting and
providing evidence on the radiograph that the extent
of coverage required by NB-2575.2 has been obtained.
Far rastings or sections of castings where stamping is
not feasible, the radiographic procedure shall so state,
and a radiographic exposure map shall be provided.

NB-2575.6 Acceptance Criteria. Castings shall meet
the acceptance requirements of Severity Level 2 of
ASTM E446, Reference Radiographs for Steel Castings
up to 2 in. (50 mm) in Thickness; ASTM E186, Reference
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Radiographs for Heavy-Walled [2 in. to 4% in. (50 mm to
114 mm)] Steel Castings; or ASTM E280, Reference Radio-
graphs for Heavy-Walled [4; in. to 12 in. (114 mm to 300
mm)] Steel Castings, as applicable for the thickness being
radiographed except that Category D, E, F, or G defects are
not acceptable. The requirements of ASTM E280 shall
apply for castings over 12 in. (300 mm) in thickness.

NB-2576 Liquid Penetrant Examination

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

(b) Evaluation of Indications. All relevant indications
shall be evaluated in terms of the acceptance standards.
Mechanical discontinuities intersecting the surface are
indicated by bleeding out of the penetrant; however, loca-
lized surface discontinuities as’may occur from machining
marks, scale, or dents, may produce indications that are
not relevant. Any indication in excess of the acceptance
standards believed to b€ nonrelevant shall be reexamined
to verify whether\actual defects are present. Surface
conditioning may)precede the reexamination. Nonrele-
vant indicatiofis' and broad areas of pigmentation that
would mask indications of defects are unacceptable. Rele-
vant indications are those that result from imperfections
and Have a major dimension greater than % in. (1.5 mm).
Litrear indications are those whose length is more than
three times the width. Rounded indications are those
that are circular or elliptical with the length less than
three times the width.

(c) Acceptance Standards. The following relevant indi-
cations are unacceptable:

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

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

(3) four or more relevant indications in a line sepa-
rated by %6 in. (1.5 mm) or less edge to edge;

(4) ten or more relevant indications in any 6 in.?
(4000 mm?) of surface with the major dimension of
this area not to exceed 6 in. (150 mm) taken in the
most unfavorable orientation relative to the indications
being evaluated.

NB-2577 Magnetic Particle Examination (for
Ferritic Steel Products Only)

(a) Castings of magnetic material shall be examined, if
required, on all accessible surfaces by a magnetic particle
method in accordance with Section V of the Code.

(25)
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Figure NB-2575.2-1
Typical Pressure-Retaining Parts of Pumps and Valves

(b) Fypical Diffuser-Type Pump Case

(a) Typical Volute-Type Pump Case

Diffuser fins

(d) Typical Single Stage Pump Case

(c) Typical Diffuser-Type Pump Case Detail
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Figure NB-2575.2-1
Typical Pressure-Retaining Parts of Pumps and Valves (Cont’d)

___.O._.

—_———®

(e) Typical Flange
GENERAL NOTES:
(@

(b)
()

indicated as RT.

(f) Typical Gate Valve

(g) Typical Globe Valve

Radiographic examination areas shall be indicated by a circle at each change.of direction. The examination symbol for radiography shall be

For nondestructive examination areas or revolution, the area shall_bevindicated by the examine-all-around symbol: - RT - G.
The sketches are typical and are to be used as a guide for minimupi required coverage. Even though a sketch may be titled, “pump” or “valve,”

the coverage shown by the configurations may be applied interehangeably.

(b) Evaluation of Indications. All relevant indications
shall be evaluated in terms of the acceptance standards.
Mechanical discontinuities intersectings/he surface are
indicated by retention of the examination medium. All
indications are not necessarily defectssince certain metal-
lurgical discontinuities and magnetic permeability varia-
tions may produce indications‘that are not relevant. Any
indication in excess of the-a¢ceptance standards believed
to be nonrelevant shall be reexamined to verify whether
actual defects are present. Nonrelevant indications that
would mask indications of defects are unacceptable.
Surface conditiohing may precede the reexamination.
Relevant indications are those that result from imperfec-
tions and have a major dimension greater than % in.
(1.5,mm). Linear indications are those whose length is
meore-than three times the width. Rounded indications
arethose that are circular or elliptical with the length
less than three times the width.

(c) Acceptance Standards. The following relevant indi-
cations are unacceptable:

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

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

(3) four or more relevant indications in a line sepa-
rated by %6 in. (1.5 mm) or less edge to edge;

(4) ten or more relevant indications in any 6 in.?
(4000 mm?) of surface with the major dimension of
this area not to exceed 6 in. (150 mm) taken in the
most unfavorable orientation relative to the indications
being evaluated.

NB-2580 EXAMINATION OF BOLTS, STUDS, AND
NUTS

NB-2581 Required Examination

All bolting material shall be visually examined in accor-
dance with NB-2582. In addition, nominal sizes greater
than 1 in. (25 mm) shall be examined by either the
magnetic particle method in accordance with NB-2583
or the liquid penetrant method in accordance with
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NB-2584. In addition, nominal sizes greater than 2 in. (50
mm) but not over 4 in. (100 mm) shall be examined by the
ultrasonic method in accordance with NB-2585 and
nominal sizes greater than 4 in. (100 mm) shall be exam-
ined by the ultrasonic method in accordance with both
NB-2585 and NB-2586.

NB-2582 Visual Examination

The final surfaces of threads, shanks, and heads shall be
visually examined for workmanship, finish, and appear-
ance in accordance with the requirements of ASTM F788
for bolting material and ASTM F812 for nuts. The visual
examination personnel shall be trained and qualified in
accordance with the Material Organization’s Quality
System Program or the Certificate Holder’s Quality Assur-
ance Program. These examinations are not required to be
performed either in accordance with procedures qualified
to NB-5100 or by personnel qualified in accordance with
NB-5500.

NB-2583 Magnetic Particle Examination (for
Ferritic Steel Bolting Material Only)

NB-2583.1 Examination Procedure. All bolts, studs,
and nuts greater than 1 in. (25 mm) nominal bolt size
shall be examined by the magnetic particle method in
accordance with ASTM A275. If desired, the supplier
may perform liquid penetrant examination in accordance
with NB-2584 instead of magnetic particle examination
Such examination shall be performed on the finished
component after threading or on the materials-stock at
approximately the finished diameter before;threading
and after heading (if involved). This examination shall
be performed on all accessible surfaces:

NB-2583.2 Evaluation of Indications.

(a) All relevant indications shall'be evaluated in terms
of the acceptance standards. Lih€ar indications are those
indications in which the length is more than three times
the width. Rounded indjcations are those that are circular
or elliptical with the-length equal to or less than three
times the width.

(b) Allindications are not necessarily relevant: leakage
of magnetic/fields and permeability variations may
produce jndi¢ations that are not relevant to the detection
of unacceptable discontinuities. Indications with major
dimensions of % in. (1.5 mm) or less are not relevant.

{¢) Any indication that is believed to be nonrelevant,
and that is larger than acceptable, shall be considered
to be a defect and shall be reexamined after light
surface conditioning.

(d) Any indication observed during such reexamina-
tion shall be considered relevant and shall be evaluated
in terms of the acceptance standards.
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(e) As an alternative to magnetic particle reexamina-
tion, other nondestructive examination means (such as
liquid penetrant examination for surface discontinuities)
may be used to determine relevancy.

NB-2583.3 Acceptance Standard. Linear nonaxial indi-
cations are unacceptable. Linear axial indications greater
than 1 in. (25 mm) in length are unacceptable.

NB-2584 Liquid Penetrant Examination

NB-2584.1 Examination Procedure. All bolts, studs,
and nuts greater than 1 in. (25 mm) nominal bolt size
shall be examined by a liquid penetrant-method in accor-
dance with the methods of Section V; Article 6. Such exam-
ination shall be performed onthefinished component
after threading or on the materials’stock at approximately
the finished diameter before/threading and after heading
(if involved).

NB-2584.2 Evaluation of Indications. All relevant indi-
cations shall be evaluated in terms of the acceptance stan-
dards. Linear indications are those indications in which
the length/is more than three times the width.
Roundedindications are those thatare circular to elliptical
with the'length equal to or less than three times the width.
All\penetrant indications are not necessarily relevant.
Surface imperfections such as machining marks and
scratches may produce indications that are nonrelevant
to the detection of unacceptable discontinuities. Broad
areas of pigmentation, which could mask indications of
defects, are unacceptable. Indications with major dimen-
sions of % in. (1.5 mm) or less are not relevant. Any indi-
cation thatis believed to be nonrelevant, and that is larger
than acceptable, shall be considered to be a defect and
shall be reexamined after light surface conditioning.
Any area of pigmentation also shall be reexamined
after recleaning or light surface conditioning, as appro-
priate. Any indication observed during such reexamina-
tion shall be considered relevant and shall be evaluated in
terms of the acceptance standards.

NB-2584.3 Acceptance Standard. Linear nonaxial indi-
cations are unacceptable. Linear axial indications greater
than 1 in. (25 mm) long are unacceptable.

NB-2585 Ultrasonic Examination for Sizes Greater
Than 2 in. (50 mm)

All bolts, studs, and nuts greater than 2 in. (50 mm)
nominal bolt size shall be ultrasonically examined over
the entire cylindrical surface prior to threading in accor-
dance with the following requirements.

NB-2585.1 Ultrasonic Method. Examination shall be
carried out by the straight beam, radial-scan method in
accordance with Section V, Article 23, SA-388.
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NB-2585.2 Examination Procedure. Examination shall
be performed at a nominal frequency of 2.25 MHz unless
variables such as production material grain structure
require the use of other frequencies to ensure adequate
penetration or better resolution. The search unitarea shall
not exceed 1 in.? (650 mm).

NB-2585.3 Calibration of Equipment. Calibration
sensitivity shall be established by adjustment of the
instrument so that the first back reflection is 75% to
90% of full-screen height.

NB-2585.4 Acceptance Standard. Any discontinuity
that causes an indication in excess of 20% of the
height of the first back reflection or any discontinuity
that prevents the production of a first back reflection
of 50% of the calibration amplitude is not acceptable.

NB-2586 Ultrasonic Examination for Sizes Over 4
in. (100 mm)

In addition to the requirements of NB-2585, all bolts,
studs, and nuts over 4 in. (100 mm) nominal bolt size shall
be ultrasonically examined over the entire surface of each
end before or after threading in accordance with the
following requirements.

NB-2586.1 Ultrasonic Method. Examination shall be
carried out by the straight beam, longitudinal-scan
method.

NB-2586.2 Examination Procedure. Examination shall
be performed at a nominal frequency of 2.25 MHz unless
variables such as production material grain strucétare
require the use of other frequencies to ensure adequate
penetration or better resolution. The search Gnit shall
have a circular cross section with a diameter not less
than % in. (13 mm) nor greater than 1¥in. (29 mm).

NB-2586.3 Calibration of Equipment. Calibration shall
be established on a test bar of the sante nominal composi-
tion and diameter as the produgetion part and a minimum
of one-half of the length. A % in{10 mm) diameter by 3 in.
(75 mm) deep flat-bottom-hele shall be drilled in one end
of the bar and plugged tg full depth. A distance-amplitude
curve shall be establiShed by scanning from both ends of
the test bar.

NB-2586.4 ‘Acceptance Standard. Any discontinuity
that causes an indication in excess of that produced by
the calibtation hole in the reference specimen as corrected
by the)distance-amplitude curve is not acceptable.

NB-2587 Time of Examination

Acceptance examinations shall be performed after the
final heat treatment required by the basic material spec-
ification.
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NB-2588 Elimination of Surface Defects

Unacceptable surface defects on finished bolts, studs,
and nuts are not permitted, and are cause for rejection.

NB-2589 Repair by Welding

Weld repairs of bolts, studs, and nuts are not permitted.

NB-2600 MATERIAL ORGANIZATIONS’
QUALITY SYSTEM PROGRAMS

NB-2610 DOCUMENTATION AND MAINTENANCE
OF QUALITY SYSTEM PROGRAMS

(a) Exceptasprovided in (b) below, Material Organiza-
tions shall have a Quality System Program that meets the
requirements of NCA-3300.

(b) The requirements of NGA-1224, NCA-1225, and
NCA-4256 shall be metw S required by NB-2130 and
NB-2150, respectively-The other requirements of NCA-
3300 and NCA-4200>1€ed not be used by suppliers of
small products, as defined in (c) below, for brazing mate-
rial, and for material that is allowed by this Subsection to
be furnished with a Certificate of Compliance. For these
productsythe Certificate Holder’s Quality Assurance
Program (NCA-4100) shall include measures to
provide assurance that the material is furnished in accor-
dance with the material specification and with the appli-
cable requirements of this Subsection.

(c) For the purpose of this paragraph, small products
are defined as given in (1) through (6) below.

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

(2) tube (except heat exchanger tube) of nominal
outside diameter of 23/ inch (60.3 mm) and less and
tube fittings designed to accept tube of nominal
outside diameter of 23/g inch (60.3 mm) and less;

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

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

(5) material for pumps and valves with inlet pipe
connections of NPS 2 (DN 50) and less;

(6) material exempted by NB-2121(c).

NB-2700 DIMENSIONAL STANDARDS

Dimensions of standard items shall comply with the
standards and specifications listed in Table NCA-7100-1.

(25)
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ARTICLE NB-3000
DESIGN

NB-3100 GENERAL DESIGN

NB-3110 LOADING CRITERIA
NB-3111 Loading Conditions

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

(a) internal and external pressure;

(b) impact loads, including rapidly fluctuating pres-
sures;

(c) weight of the component and normal contents
under operating or test conditions, including additional
pressure due to static and dynamic head of liquids;

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

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

(f) reactions of supporting lugs, rings, saddles, orother
types of supports;

(g) temperature effects.

NB-3112 Design Loadings

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

NB-3112.1 Design Pressure:

(a) The specified internal and external Design Pres-
sures to be used in this\Subsection shall be established
in accordance with NCA-2142.1(a). When the occurrence
of different pressures during operation can be predicted
for different zones of a component, the Design Pressure of
the different'zenes may be based on their predicted pres-
sures.

(b).AlWpressures referred to in this Article are to be
takén ds psi (MPa), above atmospheric pressure, unless
otherwise stated.

NB-3112.2 Design Temperature.

(a) The specified Design Temperature shall be estab-
lished in accordance with NCA-2142.1(b). It shall be used
in computations involving the Design Pressure and coin-
cidental Design Mechanical Loads. The actual metal
temperature at the point under consideration shall be
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used in all computations where the use of the specified
service pressure is required.

(b) All temperatures referred to in this'Article are the
metal temperatures expressed in degrees Fahrenheit,°F
(degrees Celsius, °C) unless otherwise stated.

(c) Where a component is.heated by tracing, induction
coils, jacketing, or internal‘heat generation, the effect of
such heating shall be incorporated in the establishment of
the Design Temperature:

NB-3112.3 Design Mechanical Loads. The specified
Design Mechanical Loads shall be established in accor-
dance withNEA-2142.1(c). They shall be used in conjunc-
tion withsthe Design Pressure.

NB-3112.4 Design Stress Intensity Values. Design
stress intensity values for materials are listed in
Section II, Part D, Subpart 1, Tables 2A, 2B, and 4. The
material shall not be used at metal and design tempera-
tures that exceed the temperature limit in the applicability
column for which stress intensity values are listed. The
values in the Table may be interpolated for intermediate
temperatures.

NB-3113 Service Conditions

Each service condition to which the components may be
subjected shall be classified in accordance with NCA-2142
and Service Limits [NCA-2142.4(b)] designated in the
Design Specifications in such detail as will provide a
complete basis for design, construction, and inspection
in accordance with this Article. The requirements of
(a) and (b) below shall also apply.

(a) Level B Conditions. The estimated duration of
service conditions for which Level B Limits are specified
shall be included in the Design Specifications.

(b) Level C Conditions. The total number of postulated
occurrences for all specified service conditions for which
Level C Limits are specified shall not cause more than 25
stress cycles having an S, value greater than that for 10°
cycles from the applicable fatigue design curves of Section
I1I Appendices, Mandatory Appendix I.
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NB-3120 SPECIAL CONSIDERATIONS
NB-3121 Corrosion

Material subject to thinning by corrosion, erosion,
mechanical abrasion, or other environmental effects
shall have provision made for these effects during the
design or specified life of the component by a suitable
increase in or addition to the thickness of the base
metal over that determined by the design equations. Mate-
rial added or included for these purposes need not be of
the same thickness for all areas of the 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 (Section Il Appendices, Mandatory
AppendixI) are based did not include tests in the presence
of corrosive environments that might accelerate fatigue
failure.

NB-3122 Cladding

The rules of the following subparagraphs apply to the
analysis of clad components constructed of material
permitted in Section II, Part D, Subpart 1, Tables 2A
and 2B.

NB-3122.1 Primary Stresses. No structural strength
shall be attributed to the cladding in satisfying Section
[II Appendices, Mandatory Appendix XIII, XIII-3100.

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

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

(b) For components subjected to externalpressure, the
outside diameter shall be taken at the outer face of the base
metal.

NB-3122.3 Secondary and Peak Stresses. In satisfying
Section III Appendices, Mandatory Appendix XIII, XIII-
3400 and XIII-3500, the presence of the cladding shall
be considered with respectto both the thermal analysis
and the stress analysis. The stresses in both materials shall
be limited to the valu€s specified in Section IIl Appendices,
Mandatory Appendix XIII, XII1-3400 and XIII-3500.
However, when the cladding is of the integrally
bonded type_and the nominal thickness of the cladding
is 10% «r less of the total thickness of the component,
the presence of the cladding may be neglected.

NB-3122.4 Bearing Stresses. In satisfying Section III
Appendices, Mandatory Appendix XIII, XIII-3710, the
presence of cladding shall be included.
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NB-3123 Welding

NB-3123.1 Dissimilar Welds. In satisfying the require-
ments of this subarticle, caution should be exercised in
design and construction involving dissimilar metals
having different coefficients of thermal expansion in
order to avoid difficulties in service.

NB-3123.2 Fillet Welded Attachments. Fillet welds
conforming to Figure NB-4427-1 may be used for attach-
ments to components except as limited by NB:4433.
Evaluation for cyclic loading shall be made in aceordance
with the appropriate subarticle of Article NB{3000, and
shall include consideration of temperature,differences
between the component and the attachniéiit, and of expan-
sion or contraction of the componentproduced by internal
or external pressure.

NB-3124 Environmental Effects

Changes in material properties may occur due to envir-
onmental effects. In_pdrticular, fast neutron irradiation
(>1 MeV) above a certain level may result in significant
increase in the brittle fracture transition temperature and
deterioration i the resistance to fracture at temperatures
above the transition range (upper shelf energy). There-
fore, nozzlés or other structural discontinuities in ferritic
vesséls)should preferably not be placed in regions of high
peutron flux.

NB-3125 Configuration

Accessibility to permit the preservice or inservice
examinations or MANDE required by the Division and
Edition of Section XI as specified in the Design Specifica-
tion for the component shall be provided in the design of
the component. Requirements for clearances between
piping welds requiring volumetric preservice or inservice
examination or MANDE and adjacent items that could
interfere with obtaining the required examination
coverage of the weld are provided in Section III Appen-
dices, Mandatory Appendix XXIX.

NB-3130 GENERAL DESIGN RULES
NB-3131 Scope

Design rules generally applicable to all components are
provided in the following paragraphs. The design subar-
ticle for the specific component provides rules applicable
to that particular component. In case of conflict between
NB-3130 and the design rules for a particular component,
the component design rules govern.

NB-3132 Dimensional Standards for Standard
Products

Dimensions of standard products shall comply with the
standards and specifications listed in Table NCA-7100-1
when the standard or specification is referenced in the

(25)
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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.

NB-3133 Components Under External Pressure

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

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

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

cross-sectional area of a stiffening ring

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

outside diameter of the cylindrical shell'course or
tube under consideration

modulus of elasticity of material at Design
Temperature, psi (MPa). For €xternal pressure
and axial compressionidesign in accordance
with this Section, the modulus of elasticity to be
used shall be taken from the applicable materials
chartin Section I, Part D, Subpart 3. (Interpolation
may be mades;between lines for intermediate
temperatures.) The modulus of elasticity values
shown inSection 1], Part D, Subpart 3 for material
groups may differ from those values listed in
Section II, Part D, Subpart 2, Tables TM for specific
materials. Section I, Part D, Subpart 3 values shall
be applied only to external pressure and axial
compression design.

available moment of inertia of the combined ring-
shell section about its neutral axis, parallel to the
axis of the shell. The width of the shell that is taken
as contributing to the combined moment of inertia

shall not be greater than 1.10,/D,T,, and shall be

taken as lying one-half on each side of the centroid
of the ring. Portions of shell plates shall not be
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considered as contributing area to more than one
stiffening ring.

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

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

(a) the distance between head tangefit)lines
plus one-third of the depth of each\head if
there are no stiffening rings;

(b) the greatest center-to-center distance
between any two adjacent stiffening rings; or

(c) the distance from thecenter of the first stif-
fening ring to the head tangent line plus one-third
of the depth of the head, dll measured parallel to
the axis of the vessel
one-half the distaniee from the center line of the
stiffening ring<t6 the next line of support on
one side, plus-one-half of the center line distance
to the nextline of support on the other side of the
stiffeningring, both measured parallel to the axis of
the_component. A line of support is:

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

(b) acircumferential line on a head at one-third
the depth of the head from the head tangentline; or

(c) circumferential connection to a jacket for a
jacketed section of a cylindrical shell
external design pressure, psi (MPa) (gage or abso-
lute, as required)
allowable external pressure, psi (MPa) (gage or
absolute, as required)
inside radius of spherical shell
the lesser of 1.5 times the stress intensity at design
metal temperature from Section II, Part D, Subpart
1, Tables 2A and 2B, or 0.9 times the tabulated yield
strength at design metal temperature from Section
II, Part D, Subpart 1, Table Y-1, psi (MPa)
minimum required thickness of cylindrical shell or
tube, or spherical shell
nominal thickness used, less corrosion allowance,
of cylindrical shell or tube

T, =

NB-3133.3 Cylindrical Shells and Tubular Products.

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

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

Step 2. Enter Section I, Part D, Subpart 3, Figure G at
the value of L/D, determined in Step 1. For values of
L/D, greater than 50, enter the chart at a value of
L/D, of 50. For values of L/D, less than 0.05, enter the
chart at a value of L/D,, of 0.05.
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Step 3. Move horizontally to the line for the value of
D,/T determined in Step 1. Interpolation may be made for
intermediate values of D,/T. From this intersection move
vertically downward and read the value of factor A.

Step 4. Using the value of A calculated in Step 3, enter
the applicable material chartin Section II, Part D, Subpart 3
for the material /temperature under consideration. Move
vertically to an intersection with the material/tempera-
ture line for the design temperature. Interpolation may be
made between lines for intermediate temperatures. In
cases where the value at A falls to the right of the end
of the material/temperature line, assume an intersection
with the horizontal projection of the upper end of the
material/temperature line. For values of A falling to
the left of the material line, see Step 7.

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

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

4B

3(Dy/T)

P, =

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

2AE

3(Dy/T)

P, =

Step 8. Compare P, with P. If P, is smaller than:P,
select alarger value for T'and repeat the design procedure
until a value for P, is obtained that is equal to or, gfeater
than P.

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

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

1l
(D,/T)*
For values of A greater than 0.10 use a value of 0.10.

Step 2. Using the value of B obtained in Step 1, calcu-
late a-value P,; using the following equation:

2.167
(D,/T)

al — B

— 0.0833

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

1

P 1-
(Dy/T)

a2

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

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

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

_ 023
(R/T)

Step 2. Using the value of A calculated in Step 1, enter
the applicable material chartin Section II, Part D, Subpart 3
for the materialunder consideration. Move vertically to an
intersection, wjith the material/temperature line for the
design temperature. Interpolation may be made
betweentlines for intermediate temperatures. In cases
whére-the value of A falls to the right of the end of the
material/temperature line, assume an intersection with
the horizontal projection of the upper end of the mate-
rial/temperature line. For values at A falling to the left
of the material/temperature line, see Step 5.

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

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

P = >
(R/T)

Step 5. For values of A falling to the left of the applicable
material/temperature line for the Design Temperature,
the value of P, can be calculated using the following equa-
tion:

_ 0.0625E
=
(R/T)*

Step 6. Compare P, obtained in Step 4 or 5 with P.If P, is
smaller than P, select a larger value for T, and repeat the
design procedure until a value for P, is obtained that is
equal to or greater than P.

NB-3133.5 Stiffening Rings for Cylindrical Shells.

(a) The required moment of inertia of the combined
ring-shell section is given by the equation:
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DL (T + A,/L)A
10.9

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

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

=3
4

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

Step 3. Move horizontally to the left to the material/
temperature line for the design metal temperature. For
values of B falling below the left end of the material/
temperature line, see Step 5.

Step 4. Move vertically to the bottom of the chart and
read the value of A.

Step 5. Forvalues of B falling below the left end of the
material /temperature line for the design temperature, the
value of A can be calculated using the following equatien:

A = 2BJE

PD,
T, + A,/L

Step 6. Ifthe required I is greater than the computed
moment of inertia I for the combined-ring-shell section
selected in Step 1, a new section with~a.larger moment
of inertia must be selected and a ©1i¢w’I; determined. If
the required I is smaller than the computed I for the
section selected in Step 1, that'section should be satisfac-
tory.

(b) Stiffening rings may be attached to either the
outside or the inside-0f* the component by continuous
welding.

NB-3133.6 Cylinders Under Axial Compression. The
maximum allewable compressive stress to be used in
the designvof cylindrical shells and tubular products
subjected’'to loadings that produce longitudinal compres-
sivéistresses in the shell or wall shall be the lesser of the
values given in (a) or (b) below.

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

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

41

R = inside radius of the cylindrical shell or tubular
product
T = minimum required thickness of the shell or tubular

product, exclusive of the corrosion allowance

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

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

_ 0125
(R/T)

Step 2. Using the value of A ealculated in Step 1, enter
the applicable material chartinSeetionII, Part D, Subpart 3
for the material under considération. Move vertically to an
intersection with the material/temperature line for the
design temperature{Interpolation may be made
between lines for-intermediate temperatures. In cases
where the value-at“A falls to the right of the end of the
material/temperature line, assume an intersection with
the horizontal projection of the upper end of the mate-
rial/tempeérature line. For values of A falling to the left
of the _material/temperature line, see Step 4.

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

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

Step 5. Compare the value of B determined in Step 3
or 4 with the computed longitudinal compressive stress in
the cylindrical shell or tube, using the selected values of T
and R. If the value of B is smaller than the computed
compressive stress, a greater value of T must be selected
and the design procedure repeated until a value of B is
obtained that is greater than the compressive stress
computed for the loading on the cylindrical shell or tube.

NB-3134 Leak Tightness

Where a system leak tightness greater than that
required or demonstrated by a hydrostatic test is
required, the leak tightness requirements for each compo-
nent shall be set forth in the Design Specifications.

NB-3135 Attachments

(a) Exceptas permitted in (d), (e), or (f) below, attach-
ments and connecting welds within the jurisdictional
boundary of the component as defined in NB-1130
shall meet the stress limits of the component or NB-3200.
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(b) The design of the component shall include consid-
eration of the localized interaction effects and loads trans-
mitted through the attachment to and from the
pressure-retaining portion of the component. Localized
interaction effects include thermal stresses, stress concen-
trations, and restraint of the pressure-retaining portion of
the component.

(c) The first welded structural attachment within 2t of
the pressure-retaining portion of the component, where t
is the nominal thickness of the pressure-retaining mate-
rial, shall be evaluated for cyclic loading. Evaluation shall
be in accordance with the appropriate subarticle of
Article NB-3000 and shall be made at the juncture of
the attachment to the component.

(d) Beyond 2t the appropriate design rules of Article
NF-3000 may be used as a substitute for the design
rules of Article NB-3000 for cast and forged portions
of attachments that are in the component support load
path.

(e) Nonstructural attachments shall meet the require-
ments of NB-4435.

(f) Beyond 2t the appropriate design rules of Article
NG-3000 may be used as a substitute for the design
rules of Article NB-3000 for portions of cast or forged
attachments that are core support structures.

NB-3136 Appurtenances

(a) Except as permitted in (b) below, the portions of
appurtenances having a pressure-retaining function
shall be designed in accordance with the rules for compox
nents.

(b) Small diameter appurtenance fabrication\weld
joints may be designed using weld joint detailsir accor-
dance with Figure NB-4440-1, provided the‘following re-
quirements are met.

(1) The appurtenance weld joint shall have an
outside diameter equal to NPS 2¢(DN 50) or less (see
Figure NB-4440-1).

(2) The design of the welded joints shall be such that
the stresses will not exceed the limits described in Section
IIT Appendices, Mandatdry Appendix XIII, Article XIII-
3000 and tabulated_in* Section II, Part D, Subpart 1,
Tables 2A and 2B.

(3) A fatiguetstrength reduction factor of 4 shall be
used in thefatigue analysis of the joints.

(4) Therequirements of NB-4440 and NB-5260 shall
be satisfied.

NB-3137 Reinforcement for Openings

The requirements applicable to vessels and piping are
contained in NB-3330 and NB-3643, respectively.
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NB-3200 DESIGN BY ANALYSIS
NB-3210 REQUIREMENTS FOR ACCEPTABILITY

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

(a) The design shall be such that stress intensities will
not exceed the limits described in Section III Appendices,
Mandatory Appendix XIII and in NB-3100.

(b) The design details shall conform to the rules given
in NB-3100 and those given in the subarticle applicable to
the specific component.

(c) For configurations where compressive stresses
occur, in addition to the requirementsc¢n(a) and (b)
above, the critical buckling stress shall be taken into
account. For the special case of\external pressure,
NB-3133 applies.

(d) Protection against nonductile fracture shall be
provided by satisfying on€_of the following provisions:

(1) performing amvevaluation of service and test
conditions by methods similar to those contained in
Section III Appendices, Nonmandatory Appendix G; or

(2) for piping, pump, and valve material thickness
greater than“2'% in. (64 mm) establishing a lowest
service temperature7 that is not lower than RTypr (see
NB-2331)»+ 100°F (56°C);

(3) for piping, pump, and valve material thickness
equal to or less than 2% in. (64 mm), the requirements
ofNB-2332(a) shall be met at or below the lowest service
temperature as established in the design specification.

NB-3300 VESSEL DESIGN

NB-3310 GENERAL REQUIREMENTS
NB-3311 Acceptability

The requirements for acceptability of a vessel design are
as follows:

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

(b) The rules of this subarticle shall be met. In cases of
conflict between NB-3200 and NB-3300 the requirements
of NB-3300 shall govern.

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

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

NB-3323 General Design Rules

The provisions of NB-3130 apply except when they
conflict with rules of this subarticle. In case of conflict,
this subarticle governs in the design of vessels.
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NB-3324 Pressure Thickness

The minimum vessel wall thickness shall satisfy the re-
quirements of NB-3200. As an aid to the designer, the
equations of NB-3324.1, NB-3324.2, and NB-3324.3 are
provided to establish a tentative thickness, where

D = inside diameter of a head skirt or the attached cyl-
inder. D is also equal to the length of the major axis
of an ellipsoidal head

L = inside crown center radius of curvature

P = Design Pressure

R = inside radius of shell or head

r = inside knuckle radius
R, = outside radius of shell or head
Sm = design stress intensity values (Section II, Part D,
Subpart 1, Tables 2A and 2B)
t = thickness of shell or head

NB-3324.1 Cylindrical Shells.
PR

t = — or

Sy — 0.5P

PR,
Sy + 0.5P

NB-3324.2 Spherical Shells and Heads.
PR PR,
28, — P 25,

t = or

NB-3324.3 Ellipsoidal and Torispherical Heads. Fon
heads where t/L > 0.002 and r/D > 0.06, use the equation
in NB-3324.2 and substitute L for R. L is not permitteditobe
larger than D. For an ellipsoidal head, L = (% majoraxis of
the ellipse)?/(% minor axis of the ellipse). For heads
outside of these limits, tentative thickness may be deter-
mined using the stress analysis methods.of NB-3200 with
consideration of buckling.

NB-3325 Perforated Flat Plates and Tubesheets

Guidelines for calculating/stresses in perforated flat
plates and tubesheets are‘provided in Section III Appen-
dices, Nonmandatory Appendix A, Article A-8000.

NB-3330 OPENINGS AND REINFORCEMENT
NB-3331 General Requirements for Openings

(a) Forvessels or parts thereof that meet the require-
ments of Section Il Appendices, Mandatory Appendix XIII,
XHI23510, analysis showing satisfaction of the require-
ments of Section III Appendices, Mandatory Appendix
XIII, XII1-3100 and XII1-3400 in the immediate vicinity
of the openings is not required for pressure loading if
the rules of NB-3330 are met.

(b) For vessels or parts thereof that do not meet the
requirements of Section III Appendices, Mandatory
Appendix XIII, XIII-3510 so that a fatigue analysis is
required, the rules contained in NB-3330 ensure satisfac-
tion of the requirements of Section III Appendices, Man-
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datory Appendix XIII, XIII-3100 in the vicinity of openings,
and no specific analysis showing satisfaction of those
stress limits is required for pressure loading. The require-
ments of Section 11l Appendices, Mandatory Appendix XIII,
XII1-3400 may also be considered to be satisfied if, in the
vicinity of the nozzle, the stress intensity resulting from
external nozzle loads and thermal effects, including gross
but not local structural discontinuities, is shown\ by
analysis to beless than 1.5S,,,. In this case, when evaluating
the requirements of Section III Appendices, Mandatory
Appendix XIII, XIII-3520, the peak stress intensity
resulting from pressure loadings may-be)obtained by
application of the stress index methgd*of NB-3338 or
NB-3339.

(c) Theprovisions of (a) and (b) above are notintended
to restrict the design to any specified section thicknesses
or other design details, provided the basic stress limits are
satisfied. If it is shown,by\analysis that all the stress re-
quirements have been.met, the rules of NB-3330 are
waived.

(d) Openings'shall be circular, elliptical, or of any other
shape that results from the intersection of a circular or
elliptical cylinder with a vessel of the shapes permitted
by this\Subsection. Additional restrictions given in
NB-3338.2(d) are applicable if the Stress Index Method
is-used. If fatigue analysis is not required, the restrictions
on’hole spacing are applicable unless there will be essen-
tially no pipe reactions.

(e) Openings are not limited as to size except to the
extent provided in NB-3338.2(d).

(f) All references to dimensions apply to the finished
dimensions excluding material added as corrosion allow-
ance. Rules regarding metal available for reinforcement
are given in NB-3335.

(g) Anytype ofopening permitted in these rules may be
located in a welded joint.

NB-3332 Reinforcement Requirements for
Openings in Shells and Formed Heads

NB-3332.1 Openings Not Requiring Reinforcement.
The rules for openings not requiring reinforcement are
given in (a) through (c) below, where R is the mean
radius and t is the nominal thickness of the vessel
shell or head at the location of the opening; and locally
stressed area means any area in the shell where the
local primary membrane stress exceeds 1.1S,,, but
excluding those areas where such local primary
membrane stress is due to an unreinforced opening.

(a) A single opening has a diameter not exceeding
0.2+/Rt, or if there are two or more openings within
any circle of diameter 2.5+/Rt, but the sum of the diameters
of such unreinforced openings shall not exceed 0.25+/R¢.

(b) No two unreinforced openings shall have their
centers closer to each other, measured on the inside of
the vessel wall, than 1.5 times the sum of their diameters.
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Figure NB-3332.2-1
Chart for Determining Value of F
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(c) Nounreinforced opening shall have'its center closer

than 2.5+/Rt to the edge of a locally, stressed area in the
shell.

NB-3332.2 Required Area of Reinforcement. The total
cross-sectional area of reinforcement 4, required in any
given plane for a vessel uttder internal pressure, shall not
be less than:

A = diF
where

finished diameter of a circular opening or finished
dimension (chord length) of an opening on the
plane being considered for elliptical and
obround openings in corroded condition.

a correction factor which compensates for the
variation in pressure stresses on different planes
with respect to the axis of a vessel. (A value of
1.00 shall be used for all configurations, except
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that Figure NB-3332.2-1 may be used for integrally
reinforced openings in cylindrical shells and cones.)
t, = the thickness that meets the requirements of
Section III Appendices, Mandatory Appendix XIII,
XIII-3110 in the absence of the opening.

Not less than half the required material shall be on each
side of the center line.

NB-3333 Reinforcement Required for Openings-in
Flat Heads

Flat heads that have an opening with a diameter that
does not exceed one-half the head diameter shall have a
total cross-sectional area of reinforcement'not less than
that given by the equation:

A = 0.5dt;

where d is as defined in NB-3332 and ¢, is the thickness,
that meets the requirements of Section III Appendices,
Mandatory AppendixCX]1l, XIII-3110 and XIII-3130 in
the absence of the opening.

NB-3334 Limits of Reinforcement

The boundaries of the cross-sectional area in any plane
normal to'the vessel wall and passing through the center of
the Opening and within which metal shall be located in
order to have value as reinforcement are designated as
the limits of reinforcement for that plane and are
given in the following subparagraphs.

NB-3334.1 Limit of Reinforcement Along the Vessel
Wall. The limits of reinforcement, measured along the
midsurface of the nominal wall thickness, shall meet
the following.

(a) Onehundred percent of the required reinforcement
shall be within a distance on each side of the axis of the
opening equal to the greater of the following:

(1) the diameter of the finished opening in the
corroded condition;

(2) theradius of the finished opening in the corroded
condition plus the sum of the thicknesses of the vessel wall
and the nozzle wall.

(b) Two-thirds of the required reinforcement shall be
within a distance on each side of the axis of the opening
equal to the greater of the following:

(1) r + 0.5+/Rt, where R is the mean radius of shell
or head, t is the nominal vessel wall thickness, and r is the
radius of the finished opening in the corroded condition;

(2) theradius of the finished opening in the corroded
condition plus two-thirds the sum of the thicknesses of the
vessel wall and the nozzle wall.

NB-3334.2 Limit of Reinforcement Normal to the
Vessel Wall. The limits of reinforcement, measured
normal to the vessel wall, shall conform to the contour
of the surface at a distance from each surface equal to
the following limits as shown in Figure NB-3338.2(a)-2.
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(a) For Figure NB-3338.2(a)-2, sketches (a), (b), (d),
and (e):

Limit = 0.5 /r,,t, + 0.5rp

where
r; = inside radius
r, = mean radius
=r+ 05t,,
r, = transition radius, between nozzle and wall
t, = nominal nozzle thickness, as indicated

For the case of a nozzle with a tapered inside diameter,
the limit shall be obtained by using r; and ¢, values at the
nominal outside diameters of the vessel wall
[Figure NB-3338.2(a)-2, sketch (e)].

(b) For Figure NB-3338.2(a)-2, sketches (c) and (f):

Limit = 0.5 \/r,t,

where
r; = inside radius
rm = ri + 0.5¢t,
tn = tp, + 0.667X

t, = nominal thickness of the attached pipe
X = slope offset distance
0 = angle between vertical and slope, 45 deg or less

For the case of a nozzle with a tapered inside diameter,
the limit shall be obtained by using r; and ¢, values at the
center of gravity of nozzle reinforcement area. These
values must be determined by a trial and error procedure
[Figure NB-3338.2(a)-2, sketch (f)].

NB-3335 Metal Available for Reinforcement

Metal may be counted as contributitig to the area of
reinforcing called for in NB-3332)vprovided it lies
within the limits of reinforcement specified in
NB-3334, and shall be limitéd\.to material that meets
the following requirements:

(a) metal forming a part of the vessel wall that is in
excess of that requitfied on the basis of membrane
stress intensity (Seetion III Appendices, Mandatory
Appendix XIII, X1II-3110) and is exclusive of corrosion
allowance;

(b) similarexcess metal in the nozzle wall, provided the
nozzle i§integral with the vessel wall or is joined to it by a
full penetration weld;

{c)> weld metal that is fully continuous with the vessel
wall;

(d) the mean coefficient of thermal expansion of metal
to be included as reinforcement under (b) and (c) above
shall be within 15% of the value of the vessel wall material;

(e) metal not fully continuous with the shell, such as
that in nozzles attached by partial penetration welds,
shall not be counted as reinforcement;

(f) metal available for reinforcement shall not be
considered as applying to more than one opening.
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NB-3336 Strength of Reinforcing Material

Material used for reinforcement shall preferably be the
same as that of the vessel wall. If the material of the nozzle
wall or reinforcement has a lower design stress intensity
value S, than that for the vessel material, the amount of
area provided by the nozzle wall or reinforcement in satis-
fying the requirements of NB-3332 shall be taken as.the
actual area provided multiplied by the ratio of the-nezzle
or reinforcement design stress intensity value‘to the
vessel material design stress intensity value. Nowreduction
in the reinforcing required may be taken forthe increased
strength of reinforcing material and weld metal having
higher design stress intensity values than that of the mate-
rial of the vessel wall. The strengthi’of the material at the
point under consideration shall be used in fatigue
analyses.

NB-3337 Attachment of Nozzles and Other
Connections

NB-3337.1 General Requirements. Nozzles and other
Category D_conhections (see NB-3351) shall be attached
to the shellvof head of the vessel by one of the methods
providéd in NB-3352.

NB-3337.2 Full Penetration Welded Nozzles. Full
penetration welds, as shown in Figures NB-4244(a)-1,
NB-4244(b)-1, NB-4244(c)-1, and NB-4244(e)-1 may
be used (except as otherwise provided in NB-3337.3)
for the purpose of achieving continuity of metal and facil-
itating the required radiographic examination. When all or
part of the required reinforcement is attributable to the
nozzle, the nozzle shall be attached by full penetration
welds through either the vessel or the nozzle thickness,
or both.

NB-3337.3 Partial Penetration Welded Nozzles.

(a) Partial penetration welds, as shown in
Figures NB-4244(d)-1 and NB-4244(d)-2, are allowed
only for nozzles on which there are substantially no
piping reactions, such as control rod housings, pressurizer
heater wells, and openings for instrumentation. Earth-
quake loadings need not be considered in determining
whether piping reactions are substantial. For such
nozzles, all reinforcement shall be integral with the
portion of the vessel penetrated. Partial penetration
welds shall be of sufficient size to develop the full strength
of the nozzles. Nozzles attached by partial penetration
welds shall have an interference fit or a maximum diame-
tral clearance between the nozzle and the vessel penetra-
tion 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)



https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NB (ASME BPVC Section III Div 1 NB Class 1) 2025.pdf

ASME BPVC.IIL1.NB-2025

Figure NB-3338.2(a)-1
Direction of Stress Components

where d is the outside diameter of the nozzle, except that
the above limits on maximum clearance need not be met
for the full length of the opening, provided there is aregion
at the weld preparation and a region near the end of the
opening opposite the weld that does meet the above limits
on maximum clearance and the latter region is extensive
enough (not necessarily continuous) to provide a positive
stop for nozzle deflection.

(b) In satisfying the limit of Section III Appendices,
Mandatory Appendix XIII, XI1I-3400, the stress intensities
resulting from pressure-induced strains (dilation of hole)
may be treated as secondary in the penetrating part)of
partial penetration welded construction, provided the re-
quirements of NB-3352.4(d) and Figure NB-4244(d)-1 are
fulfilled.

NB-3338 Fatigue Evaluation of Strésses in
Openings

NB-3338.1 General. For the-purpose of determining
peak stresses around the opening, three acceptable
methods are listed below.

(a) Analytical Method, This method uses suitable analy-
tical techniques sucheas finite element computer analyses,
which provide detailed stress distributions around open-
ings. In additiovto peak stresses due to pressure, the
effects of dther loadings shall be included. The total
peak stress at any given point shall be determined by
combihing stresses due to pressure, thermal, and external
loadings in accordance with the rules of Section III Appen-
dices, Mandatory Appendix XIII.

(b) Experimental Stress Analysis. This is based on data
from experiments (Section III Appendices, Mandatory
Appendix II).

(c) Stress Index Method. This uses various equations
together with available data obtained from an extensive
series of tests covering a range of variation of applicable
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dimensional ratios and configurations (see NB-3338.2).
This method covers only single, isolated openings.
Stress indices may also be determined by theoretical
or experimental stress analysis.

NB-3338.2 Stress Index Method.

(a) The term stress index, as used herein, is defined as
the numerical ratio of the stress components o, 6,,, and a;
[Figure NB-3338.2(a)-1] under consideration to ‘the
computed membrane hoop stress in the unpenetrated
vessel material; however, the material that inereases
the thickness of a vessel wall locally at the nezzle shall
not be included in the calculations of these stress compo-
nents. When the thickness of the vessel.wall is increased
over that required to the extent provided hereinafter, the
values of r; and r; in Figure NB-3338.2(a)-2 shall be
referred to the thickened section.

(b) The nomenclature used*in NB-3338 is defined as
follows.

R = inside radius,\ift corroded condition, of cylindrical
vessel, spherical vessel, or spherical head
S = stresstinténsity (combined stress) at the point
under, consideration
t = nominal wall thickness, less corrosion allowance,
of vessel or head
op= stress component normal to the plane of the
section (ordinarily the circumferential stress
around the hole in the shell)
o, = stress component normal to the boundary of the
section
o, = stress component in the plane of the section under

consideration and parallel to the boundary of the
section

(c) When the conditions of (d) below are satisfied, the
stress indices of Table NB-3338.2(c)-1 may be used for
nozzles designed in accordance with the applicable
rules of NB-3330. These stress indices deal only with
the maximum stresses, at certain general locations, due
to internal pressure. In the evaluation of stresses in or
adjacent to vessel openings and connections, it is often
necessary to consider the effect of stresses due to external
loadings or thermal stresses. In such cases, the total stress
at a given point may be determined by superposition. In
the case of combined stresses due to internal pressure and
nozzle loading, the maximum stresses for a given location
shall be considered as acting at the same point and added
algebraically unless positive evidence is available to the
contrary.

(d) The indices of Table NB-3338.2(c)-1 apply when
the conditions stipulated in (1) through (7) below exist.

(1) The opening is for a circular nozzle whose axis is
normal to the vessel wall. If the axis of the nozzle makes an
angle ¢ with the normal to the vessel walland if d/D < 0.15,
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Figure NB

-3338.2(a)-2
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Table NB-3338.2(c)-1
Stress Indices for Nozzles

(3) The following dimensional ratios are met:

Ratio Cylinder Sphere
Nozzles in Spherical Shells and Formed Heads D/t 10 to 100 10 to 100
Stress Inside Corner Outside Corner d/D 0.5 max. 0.5 max.
On 2.0 2.0 d//Dt 0.8 max.
o -0.2 2.0 d/\/m 1.5 max.
o, -2t/R 0
S 2.2 2.0 where Dis theinside shell diameter, tis the shell thickness,
Nozzles in Cylindrical Shells and d is the inside nozzle diameter. In the case of\cylin-
Longitudinal Plane Transverse Plane drical shells, the total nozzle reinforcement areaon the
Stress Inside Outside Inside Outside transverse axis of the connections, including any
o 3.1 1.2 1.0 21 outside of the reinforcement limits, sh@ll' not exceed
o, ~0.2 1.0 ~0.2 2.6 200% of that required for the longitudinalaxis (compared
o, “t/R 0 “t/R 0 to 50% permitted by Figure NB-3332.2-1) unless a
s 33 12 12 26 tapered transition section is in¢orporated into the rein-

an estimate of the ¢,, index on the inside may be obtained
from one of the following equations.
For hillside connections in spheres or cylinders:

K = K (1 + 2sin” §)

For lateral connections in cylinders:

K = K [1 + (tan ¢)*/ 3]
where

K, = the o0, inside stress index of Table NB<3338.2(c)-1
for a radial connection

K, = the estimated o, inside stress index for the nonra-
dial connection

(2) The arc distance measured between the center
lines of adjacent nozzles along.the inside surface of the
shell is not less than three times the sum of their
inside radii for openings;ina head or along the longitudinal
axis of a shell and is not Iess than two times the sum of their
radii for openings alorng the circumference of a cylindrical
shell. When twomozzles in a cylindrical shell are neither in
alongitudinal line nor in a circumferential arc, their center
line distance-along the inside surface of the shell shall be

2 22
suchrthat [(LC +2)" + (L +3) ] is not less than the

sum)of their inside radii, where L. is the component of
the center line distance in the circumferential direction
and L, is the component of the center line distance in
the longitudinal direction.
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forcement and the shell, méeting the requirements of
NB-3361.

(4) In the case of spherical shells and formed heads,
atleast40% of the totalnozzle reinforcement area shall be
located beyond the‘outside surface of the minimum
required vessel'wall thickness.

(5) Thexinside corner radius r; [Figure
NB-3338.2(a)-2] is between 10% and 100% of the
shell thickness t.

(6) The outer corner radius r, [Figure
NB-3338.2(a)-2] is large enough to provide a smooth tran-
sition between the nozzles and the shell. In addition, for
opening diameters greater than 1% times the shell thick-
ness in cylindrical shells and 2:1 ellipsoidal heads and
greater than three shell thicknesses in spherical shells,
the value of r, shall be not less than one-half the thickness
of the shell or nozzle wall, whichever is greater.

(7) The radius r3 [Figure NB-3338.2(a)-2] is not less
than the greater of the following:

(-a) 0.0026d,, where d, is the outside diameter of
the nozzle and is as shown in Figure NB-3338.2(a)-2, and
the angle 6 is expressed in degrees;

(-b) 2(sin 6)> times offset for the configuration
shown in Figure NB-3338.2(a)-2, sketches (a) and (b).

NB-3339 Alternative Rules for Nozzle Design

Subject to the limitations stipulated in NB-3339.1, the
requirements of this paragraph constitute an acceptable
alternative to the rules of NB-3332 through NB-3336 and
NB-3338.

NB-3339.1 Limitations. These alternative rules are ap-
plicable only to nozzles in vessels within the limitations
stipulated in (a) through (f) below.

(a) The nozzle is circular in cross-section and its axis is
normal to the vessel or head surface.

(b) The nozzle and reinforcing (if required) are welded
integrally into the vessel with full penetration welds.
Details such as those shown in Figures NB-4244(a)-1,
NB-4244(b)-1, and NB-4244(c)-1 are acceptable.
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Figure NB-3339.1(b)-1
Examples of Acceptable Transition Details
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(a)

rp = 0.1 to 0.5t

(b)

ry > largerof \/dt,, ort/2

r3 > larger of [, (6/90) (dt,,) ]or [(9/90)15”]

However, fillet welds shall be finished to a radius in.accor-
dance with Figure NB-3339.1(b)-1.

(c) In the case of spherical shells and formedheads, at
least 40% of the total nozzle reinforcement-area shall be
located beyond the outside surface ©f the minimum
required vessel wall thickness.

(d) The spacing between the edge of the opening and
the nearest edge of any other opéning is not less than the
smaller of 1.25(d; + d5) or 2.5x/Rt, but in any case not less
than d; + d,, where d; and'd5 are the inside diameters of
the openings.

(e) The materialaised in the nozzle, reinforcing, and
vessel adjacent to the nozzle shall have a ratio of
UTS/YS of not'less than 1.5, where

]

UTS =specified minimum ultimate tensile strength
YS .="specified minimum yield strength

{f) The following dimensional limitations are met:

Nozzles in
Nozzles in Spherical Vessels
Cylindrical or Hemispherical
Vessels Heads
D/t 10 to 100 10 to 100
d/D 0.5 max. 0.5 max.
d/Dt 0.8 max.
d/\|Dt,n/t 1.5 max.

(c)

rq4 > larger of (1 = /(6/90 )mor (1 - 0/90)(15/2)
5= (0BQ)t

6 arid 6" are in degrees

NB-3339.2 Nomenclature. The nomenclature used in
NB-3339 is defined as follows:

A, = available reinforcing area
A, = required minimum reinforcing area
= inside diameter, in corroded condition, of cylin-
drical vessel, spherical vessel, or spherical head
d = inside diameter, in corroded condition, of the
nozzle
R = inside radius, in corroded condition, of cylindrical
vessel, spherical vessel, or spherical head
t = nominal wall thickness, less corrosion allowance,
of vessel or head
t, = nominal wall thickness, less corrosion allowance,
of nozzle
t, = wall thickness of vessel or head, computed by the
equations given in NB-3324.1 for cylindrical
vessels and in NB-3324.2 for spherical vessels
or spherical heads
t.» = wall thickness of nozzle, computed by the equation
given in NB-3324.1, in. (mm)

B

For the definitions of rq, ry, r3, ry, 6, and 64, see
Figure NB-3339.1(b)-1; for L. and L,, see Figure
NB-3339.4-1; for S, o,, 0,, and o, see NB-3338.2 and
Figure NB-3338.2(a)-1.
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Table NB-3339.3-1
Required Minimum Reinforcing Area, A,

A, in%2 (mm?)

Nozzles in Cylinders

Nozzles in Spherical Vessels or Heads

d/ R,

< 0.20 None [Note (1)]

> 0.20 and < 0.40 1/
[4.05(d/ [Rt, )2
—1.81]dt,

> 0.40 0.75dt,

None [Note (1)]

1
5.40(d/./Rtr)/2 - 241|dt,

dt, cos ¢
¢ = sin™! (d/D)

NOTE: (1) The transition radius r,, shown in Figure NB-3339.1(b)-1, or the equivalent thereof is required.

NB-3339.3 Required Reinforcement Area. The
required minimum reinforcing area is related to the

value of d/,/Rt, as tabulated in Table NB-3339.3-1. The

required minimum reinforcing area shall be provided
in all planes containing the nozzle axis.

NB-3339.4 Limits of Reinforcing Zone. Reinforcing
metal included in meeting the minimum required reinfor-
cing area specified in Table NB-3339.3-1 must be located
within the reinforcing zone boundary shown in Figure
NB-3339.4-1.

NB-3339.5 Strength of Reinforcing Material Require-
ments. Material in the nozzle wall used for reinforcing
shall preferably be the same as that of the vessel wall.
If material with a lower design stress intensity value
Sy is used, the area provided by such material shall be
increased in proportion to the inverse ratio of-the
stress values of the nozzle and the vessel wall material.
No reduction in the reinforcing area requirement'shall be
taken for the increased strength of nozzle material or weld
metal that has a higher design stress intersity value than
that of the material of the vessel wall. Thé strength of the
material at the point under consideration shall be used in
fatigue analyses. The mean coefficient of thermal expan-
sion of metal to be included as.reinforcement shall be
within 15% of the value for the metal of the vessel wall.

NB-3339.6 Transition.Details. Examples of acceptable
transition tapers ,and radii are shown in Figure
NB-3339.1(b)-1. Other configurations that meet the rein-
forcing area requiréements of NB-3339.3 and with equiva-
lent or less/severe transitions are also acceptable; e.g.,
larger radius=thickness ratios.

NB=3339.7 Stress Indices.

(a) The term stress index, as used herein, is defined as
the numerical ratio of the stress components o, 0,,, and o,,
under consideration, to the computed stress o.

(b) The nomenclature for the stress components is
shown in Figure NB-3338.2(a)-1 and is defined as follows:
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P = service pressure

S = stress intensity (combited stress) at the point
under consideration

o = P(D +t)/4tfornozzlesin spherical vessels or heads

= P(D + t)/2t forynezzles in cylindrical vessels

o, = stress component normal to the plane of the
section (ordinarily the circumferential stress
around ‘the’hole in the shell)

o, = stress component normal to the boundary of the
section

o; = stress component in the plane of the section under

consideration and parallel to the boundary of the
section

(c) When the conditions of NB-3339.1 through
NB-3339.6 are satisfied, the stress indices given in
Table NB-3339.7(c)-1 may be used. These stress
indices deal only with the maximum stresses, at
certain general locations, due to internal pressure. In
the evaluation of stresses in or adjacent to vessel openings
and connections, itis often necessary to consider the effect
of stresses due to external loadings or thermal stresses. In
such cases, the total stress at a given point may be deter-
mined by superposition. In the case of combined stresses
due to internal pressure and nozzle loading, the maximum
stresses shall be considered as acting at the same point
and added algebraically. If the stresses are otherwise
determined by more accurate analytical techniques or
by the experimental stress analysis procedure of
Section III Appendices, Mandatory Appendix II, the
stresses are also to be added algebraically.

NB-3340 ANALYSIS OF VESSELS

The provisions of Section III Appendices, Mandatory
Appendix XIII, XIII-2100(a) apply.

NB-3350 DESIGN OF WELDED CONSTRUCTION
NB-3351 Welded Joint Category

The term Category defines the location of a joint in a
vessel, but not the type of joint. The categories established
are for use in specifying special requirements regarding
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Figure NB-3339.4-1
Limits of Reinforcing Zone
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GENERAL NOTES:

(@) Reinforcing Zone Limit
(1) For nozzles.ineylindrical shells: L, = 0.75 (t/D)*3D
(2) For nozzlesin heads: L,, = (t/D)2/3(d/D + O.S)D

(3) The center of L. or L, is at the juncture of the outside
surfaces pfithe shell and nozzles of thickness t, and t,,.

(4)-Trconstructions where the zone boundary passes through
a uniform thickness wall segment, the zone boundary may be
considered as L. or L, through the thickness.
Reinforcing Area

(1) Hatched areas represent available reinforcement area 4,,.

(2) Metal area within the zone boundary, in excess of the area
formed by the intersection of the basic shells, shall be considered
as contributing to the required area 4,. The basic shells are
defined as having inside diameter D, thickness t,, inside diameter
of the nozzle d, and thickness t,,.

(3) The available reinforcement area 4, shall be at least equal
to A, /2 on each side of the nozzle center line and in every plane
containing the nozzle axis.

(b)

51

Table NB-3339.7(c)-1
Stress Indices for Internal Pressure Loading

Nozzles in Spherical Shells and Spherical Heads

Stress Inside Outside

On 2.0 -d/D 2.0-d/D

o -0.2 2.0-d/D

o -4t/(D + t) 0

S Larger of: 2.2 - d/D or 20-d/D

2.0 + [4t/(D + t)] - d/D
Nozzles in Cylindrical Shells
Longitudinal Plane | Transverse Plane
Stress Inside Outside Inside Outside

on 31 1.2 10 2.1
o -0.2 1.0 -0.2 2.6
or =2t/(D + t) 0 -2t/(D + ¢) 0
S 3.3 12 1.2 2.6

joint type and degrée of examination for certain welded
joints. Since these special requirements, which are based
on servicexmaterial, and thickness, do not apply to every
welded, joint, only those joints to which special require-
ments apply are included in the categories. The special
requirements apply to joints of a given category only
when specifically stated. The joints included in each cate-
gory are designated as joints of Categories A, B, C, and D.
Figure NB-3351-1 illustrates typical joint locations
included in each category.

NB-3351.1 Category A. Category A comprises longitu-
dinal welded joints within the main shell, communicating
chambers,® transitions in diameter, or nozzles; any
welded joint within a sphere, within a formed or flat
head, or within the side plates9 of a flat sided vessel;
and circumferential welded joints connecting hemisphe-
rical heads to main shells, to transitions in diameters, to
nozzles, or to communicating chambers.

NB-3351.2 Category B. Category B comprises circum-
ferential welded joints within the main shell, communi-
cating chambers, nozzles, or transitions in diameter,
including joints between the transition and a cylinder
at either the large or small end; and circumferential
welded joints connecting formed heads other than hemi-
spherical to main shells, to transitions in diameter, to
nozzles, or to communicating chambers.

NB-3351.3 Category C. Category C comprises welded
joints connecting flanges, Van Stone laps, tubesheets, 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.
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Figure NB-3351-1
Welded Joint Locations Typical of Categories A, B, C, and D

© ®

See NB-3351.2

¢
‘0

®

NB-3351.4 Category D. Category D comprises welded
joints connecting communicating chambers or nozzles to
main shells, to spheres, to transitions in diameter, to
heads, or to flat sided vessels, and those joints connecting
nozzles to communicating chambers. For nozzles at the
small end of a transition in diameter, see Category B.

NB-3352 Permissible Types of Welded Joints

The design of the vessel shall meet the requirements for
each category of joint. Buttjoints are full penetrationjeints
between plates or other elements that lie approxjmately in
the same plane. Category B angle joints betwéen plates or
other elements that have an offset angle & not exceeding
30 deg are considered as meeting the réquirements for
butt joints. Figure NB-3352-1 shows typical butt welds
for each category joint.

NB-3352.1 Joints of Category A. All welded joints of
Category A as defined in NB=3351 shall meet the fabrica-
tion requirements of NB<4241 and shall be capable of
being examined in accordance with NB-5210.

NB-3352.2 Joints of Category B. All welded joints of
Category B as\defined in NB-3351 shall meet the fabrica-
tion requirements of NB-4242 and shall be capable of
being examined in accordance with NB-5220. When
jointsswith opposing lips to form an integral backing
strip-or joints with backing strips not later removed
are used, the suitability for cyclic service shall be analyzed
by the method of Section III Appendices, Mandatory
Appendix XIII, XIII-3500 using a fatigue strength reduc-
tion factor of not less than 2.

NB-3352.3 Joints of Category C. All welded joints of
Category C as defined in NB-3351 shall meet the fabrica-
tion requirements of NB-4243 and shall be capable of
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being examinedn accordance with NB-5230. Minimum
dimensions, of\the welds and throat thickness shall be
as shown.in Figure NB-4243-1, where:

(a) _for.forged tubesheets, forged flat heads, and forged
flanges/with the weld preparation bevel angle not greater
than'45 deg measured from the face:

t, t, = nominal thicknesses of welded parts
t. = 0.7t, or ¥, in. (6 mm), whichever is less
tw = tn/2 or t/4, whichever is less

(b) for all other material forms and for forged tube-
sheets, forged flat heads, and forged flanges with the
weld preparation bevel angle greater than 45 deg
measured from the face:

t, t, = nominal thicknesses of welded parts
t. = 0.7t, or % in. (6 mm), whichever is less
tw = t, or t/2, whichever is less

NB-3352.4 Joints of Category D. All welded joints of
Category D as defined in NB-3351 shall be in accordance
with the requirements of one of (a) through (e) below.

(a) Butt-Welded Nozzles. Nozzles shall meet the fabri-
cation requirements of NB-4244(a) and shall be capable of
being examined in accordance with NB-5242. The
minimum dimensions and geometrical requirements of
Figure NB-4244(a)-1 shall be met, where

r1 = Yt or %, in. (19 mm), whichever is less
r, = % in. (6 mm) minimum

t = nominal thickness of part penetrated
t, = nominal thickness of penetrating part
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Figure NB-3352-1
Typical Butt Joints

Category A Butt Joint

t ) &l

Category B Butt Joint

Category C Butt Joint

Category B Angle Joint [Note (1)]

Category D Butt Joint

NOTE: (1) When a does not exceed 30 deg, joint meets requirements for butt joints.

(b) Full Penetration Corner-Welded Nozzles. Nozzles
shall meet the fabrication requirements of NB-4244(b)
and shall be capable of beintg examined as required in
NB-5243. The minimirm dimensions of Figure
NB-4244(b)-1 shall be met, where

ri = Y4t or % . (19 mm), whichever is less
r, = Y, in: (6 mm) minimum

t = nomminal thickness of part penetrated

t. = 0.7t, or % in. (6 mm), whichever is less
t,o= nominal thickness of penetrating part

(c)
Nozzles

(1) Nozzles shall meet the fabrication requirements
of NB-4244(c) and shall be capable of being examined in
accordance with NB-5244.

(2) When the deposited weld metal is used as rein-
forcement, the coefficients of thermal expansion of the
base metal, the weld metal, and the nozzle shall not
differ by more than 15% of the lowest coefficient involved.

Use of Deposited Weld Metal for Openings and
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(3) The minimum dimensions of Figure
NB-4244(c)-1 shall be met, where

ri = Ytor%, in (19 mm), whichever is less
t = nominal thickness of part penetrated
t. = 0.7t, or %, in. (6 mm), whichever is less

t, = nominal thickness of penetrating part

(4) The corners of the end of each nozzle neck
extending less than ,/dt, beyond the inner surface of

the part penetrated shall be rounded to a radius of
one-half the thickness ¢, of the nozzle neck or %, in.
(19 mm), whichever is smaller.

(d) Attachment of Nozzles Using Partial Penetration
Welds

(1) Partial penetration welds used to connect

nozzles as permitted in NB-3337.3 shall meet the fabrica-
tion requirements of NB-4244(d) and shall be capable of
being examined in accordance with the requirements of
NB-5245.
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(2) The minimum dimensions of Figures
NB-4244(d)-1 and NB-4244(d)-2 shall be met, where

d = outside diameter of nozzle or of the inner cylinder
as shown in Figure NB-4244(d)-2
r1 = Yt, or¥, in. (19 mm), whichever is less
r, = Y in. (1.5 mm) minimum
r3 = r, or equivalent chamfer minimum
ry = Yt, or¥, in. (19 mm), whichever is less
t = nominal thickness of part penetrated

t. = 0.7t, or ¥, in. (6 mm), whichever is less

t, = nominal thickness of penetrating part or the lesser
of t,1 or t,, in Figure NB-4244(d)-2

A = Y in. (1.5 mm) minimum

A = t, maximum

(3) The corners of the end of each nozzle neck,
extending less than ,/dt, beyond the inner surface of

the part penetrated, shall be rounded to a radius of
one-half of the thickness t, of the penetrating part or
%, in. (19 mm), whichever is smaller.

(4) Weld groove design for partial penetration joints
attaching nozzles may require special consideration to
achieve the minimum depth of weld and adequate
access for welding examination. The welds shown in
the sketches of Figures NB-4244(d)-1 and
NB-4244(d)-2 may be on either the inside or the
outside of the vessel shell. Weld preparation may be
J-groove as shown in the figures or straight bevel.

(5) A fatigue strength reduction factor of not less
than four shall be used when fatigue analysis is required:

(e) Oblique Full Penetration Nozzles. Internal“or
external nozzles shall meet the fabrication requitements
of NB-4244(e) and shall be capable of beingexamined in
accordance with NB-5246.

NB-3353 Tube-to-Tubesheet Welds

All tube-to-tubesheet welds shall‘'meet the fabrication
requirements of NB-4350 and shall be examined as
required by NB-5274. Pressure boundary tube-to-tube-
sheet welds shall satisfy ¢he applicable requirements of
Section III Appendices, Mandatory Appendix XIII,
Article XIII-3000 censidering the loadings of NB-3110.

NB-3354 Structural Attachment Welds

Welds for structural attachments shall meet the re-
quiremernts of NB-4430.

NB-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, except as otherwise permitted in NB-3352.4.

54

NB-3357 Thermal Treatment

All vessels and vessel parts shall be given the appro-
priate postweld heat treatment prescribed in NB-4620.

NB-3360 SPECIAL VESSEL REQUIREMENTS

NB-3361 Category A and B Joints Between Sections
of Unequal Thickness

In general, a tapered transition section as shown‘fh
Figure NB-3361-1, which is a type of gross structural
discontinuity [Section III Appendices, Mandatory. Appen-
dix XIII, XIII-1300(i)], shall be provided at joints of Cate-
gories A and B between sections that differjinthickness by
more than one-fourth the thickness of thethinner section.
The transition section may be formed.by any process that
will provide a uniform taper. An’ellipsoidal or hemisphe-
rical head that has a greater thigkness than a cylinder of
the same inside diameter may be machined to the outside
diameter of the cylinderprovided the remaining thickness
is at least as great as-that required for a shell of the same
diameter. A uniformtaper is not required for flanged hubs.
The adequacy of'the transition shall be evaluated by stress
analysis. Stressintensity limitations are given in Section II1
Appendiges, Mandatory Appendix XIII, Article XIII-3000.
The requirements of this paragraph do not apply to flange
hubs:

NB-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.

Figure NB-3361-1
Category A and B Joints Between Sections of Unequal
Thickness

\
Heads thinner \
than shell

Taper may be -
inside or
outside

Tangent .~
line

LA

(a)

(b)

GENERAL NOTE: Length of taper may include the width of the weld.
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NB-3363 Access Openings

Access openings, where provided, shall consist of hand-
hole or manhole openings having removable covers. These
may be located on either the inside or outside of the shell
or head openings and may be attached by studs or bolts in
combination with gaskets or welded membrane seals or
strength welds. Plugs using pipe threads are not
permitted.

NB-3364 Attachments

Attachments used to transmit support loads shall meet
the requirements of NB-3135.

NB-3365 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
imposed 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 this Subsection. Additional requirements are
given in NCA-3211.18 and Subsection NF.

NB-3400 PUMP DESIGN

NB-3410 GENERAL REQUIREMENTS FOR
CENTRIFUGAL PUMPS

NB-3411 Scope

NB-3411.1 Applicability. The rules of NB-3400apply to
(a) through (n) below.

(a) pump casings

(b) pump inlets and outlets

(c) pump covers

(d) clamping rings

(e) seal housing and seal glands

(f) related bolting

(g) pump internal heat exchanger piping

(h) pump auxiliary nozzle connections up to the face of
the first flange or circiinferential joint in welded connec-
tions, excluding the connecting weld

(i) piping identified with the pump and external to and
forming part of the pressure-retaining boundary and
supplied with the pump

(j) mounting feet or pedestal supports when integrally
attached to the pump pressure-retaining boundary and
supplied with the pump

(k) driver casings (Type M pumps only)

(1) driver covers (Type M pumps only)

(m) pressure-retaining parts of the electrical and
instrument penetrations (Type M pumps only)

(n) pressure-retaining boundaries of the driver heat
exchangers (Type M pumps only)
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NB-3411.2 Exemptions. The rules of NB-3400 do not
apply to (a) through (c) below.

(a) pump shafts and impellers; shafts may be designed
in accordance with Section IIl Appendices, Nonmandatory
Appendix S

(b) nonstructural internals

(c) seal packages

NB-3412 Acceptability

NB-3412.1 Acceptability of Large Pumps. The require-
ments for the design acceptability of pumps havinganinlet
connection greater than NPS 4 (DN 100)-diameter are
given in (a), (b), and (c) below.

(a) The design shall be such that’the requirements of
NB-3100 and of NB-3200 or Section III Appendices, Man-
datory Appendix II (provided the requirements of
NB-3414 and the migimum wall thicknesses of
NB-3430 are met) are/satisfied.

(b) The rules of this\subarticle shall be met. In cases of
conflict between“NB-3100 and NB-3200 or Section III
Appendices, Mandatory Appendix Il and NB-3400, the re-
quirements{efy NB-3400 apply.

(c) Theérequirements for prevention of nonductile frac-
ture as' set forth in NB-3210(d) shall be met.

NB-3412.2 Acceptability of Small Pumps. The require-
ments for the design acceptability of pumps havinganinlet
connection 4 in. nominal pipe size (DN 100) diameter or
smaller are given in (a) and (b) below.

(a) The design shall be such that the requirements of
NB-3100 or Section Il Appendices, Mandatory Appendix
II are satisfied.

(b) The rules of this subarticle shall be met. In cases of
conflict between NB-3100 or Section III Appendices, Man-
datory Appendix Il and NB-3400, the requirements of this
subarticle shall apply.

NB-3414 Design and Service Conditions

The general design considerations, including defini-
tions of NB-3100 plus the requirements of NB-3320,
NB-3330,NB-3361,and NB-3362 are applicable to pumps.

NB-3415 Loads From Connected Piping

(a) Loads imposed on pump inlets and outlets by
connected piping shall be considered in the pump
casing design. The forces and moments produced by
the connected piping on each pump inlet and outlet
shall be provided by the Owner in the Design Specifica-
tions.

(b) Stresses generated in the pump casing by the
connected piping shall be combined with the pressure
stresses in accordance with the requirements of NB-3200.
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NB-3417 Earthquake Loadings

(a) The effects of earthquake shall be considered in the
design of pumps, pump supports, and restraints. The
stresses resulting from these earthquake effects shall
be included with the stresses resulting from pressure
or other applied loads.

(b) Where pumps are provided with drivers on
extended supporting structures and these structures
are essential to maintaining pressure integrity, an analysis
shall be performed when required by the Design Specifi-
cations.

NB-3418 Corrosion
The requirements of NB-3121 apply.

NB-3419 Cladding

Cladding dimensions used in the design of pumps shall
be required as in NB-3122.

NB-3420 DEFINITIONS
NB-3421 Radially Split Casing

A radially split casing shall be interpreted as one in
which the primary sealing joint is radially disposed
around the shaft.

NB-3422 Axially Split Casing

An axially split casing shall be interpreted as one in
which the primary sealing joint is axially disposed with
respect to the shaft.

NB-3423 Single and Double Volute Casings
Figures NB-3423-1 and NB-3423-2 shot typical single

and double volute casings, respectively:

NB-3424 Seal Housing

Seal housingis defined as thatportion of the pump cover
or casing assembly that contains the seal and forms a part
of the primary pressure boundary.

NB-3425 Typicak Examples of Pump Types

Figures NB<8441.1-1 through NB-3441.6(a)-1 are
typical exafples to aid in the determination of pump
type and are not to be considered as limiting.

NB-3430 DESIGN REQUIREMENTS FOR
CENTRIFUGAL PUMPS

NB-3431 Design of Welding

(a) The design of welded construction shall be in accor-
dance with NB-3350.
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(b) Partial penetration welds are permitted for piping
connections NPS 2 (DN 50) and less when the require-
ments of NB-3337.3 and NB-3352.4(d) are met.

NB-3432 Cutwater Tip Stresses

(a) 1t is recognized that localized high stresses may
occur at the cutwater tips of volute casings
(Figure NB-3441.3-2). Adequacy of the design in this
area shall be demonstrated either by an investigation
through experimental stress analysis in accotdance
with Section III Appendices, Mandatory Appendix II or
by detailing satisfactory service performanee’of other
pumps under similar operating conditions,

(b) Where experimental stress analysis is used, stress
intensity at this point shall meet, the requirements of
Section III Appendices, Mandatory Appendix XIII, XIII-
3400, XIII-3500, XII1-3700, and,XIII-3800.

Figuré:NB-3423-1
Typical Single Volute Casing

™

Figure NB-3423-2
Typical Double Volute Casing

NN
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Figure NB-3433.4-1
Minimum Tangential Inlet and Outlet Wall Thickness

Section tangent
to crotch radius

Yy x o
/ Limit of
reinforcement

le_ ENd of
outlet or
inlet

C

NB-3433 Reinforcement of Pump Casing Inlets and
Outlets

NB-3433.1 Axially Oriented Inlets and Outlets.

(a) Anaxially oriented pump casing inlet or outlet shall
be considered similar to an opening in a vessel and shdllbe
reinforced. It shall be treated as required in NB-3331
through NB-3336.

(b) To avoid stress concentrations, the outside radius
r,in Figure NB-3441.3-2 shall not be less than one-half the
thickness of the inlets and outlets as-ré€inforced.

NB-3433.2 Radially Oriented Inlets and Outlets. Rein-
forcement of radially oriented inléts and outlets in accor-
dance with the rules of NB-3331 through NB-3336 is
required.

NB-3433.3 Tangential Inlets and Outlets. Except as
modified in NB-3433.4, any design that has been demon-
strated to be satisfactory for the specified Design Loadings
may be used.

NB-3433:4 Minimum Inlet and Outlet Wall Thick-
nesses..The wall thickness of the inlet or outlet shall
notibe’less than the minimum wall thickness of the
casing for a distance [ as shown in Figure NB-3433.4-1.
The wall thickness beyond the distance I may be
reduced to the minimum wall thickness of the connected
piping. The change in wall thickness shall be gradual and
have a maximum slope as indicated in Figure NB-4250-1.
The distance [ in Figure NB-3433.4-1 is the limit of rein-
forcement. The value of [, in. (mm), shall be determined
from the relationship:
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I = 05 Jrutm
where

r; = inlet or outlet inside radius, in. (mm)
= d;/2
rm = ri + 0.5¢t,, in. (mm)
tn, = meaninlet or outlet wall thickness, in. (mm), taken
between section x-x and a parallel sectionmy~y

NB-3434 Bolting

Bolting in axisymmetric arrangemerits involving the
pressure boundary shall be desigfied in accordance
with Section III Appendices, Mandatory Appendix XIII,
Article XIII-4000.

NB-3435 Piping

NB-3435.1 Piping.Under External Pressure. Piping
located within the€ pressure-retaining boundary of the
pump shall be, designed in accordance with NB-3133.

NB-3435.2) Piping Under Internal Pressure. Piping
identified\with the pump and external to or forming a
part of the pressure-retaining boundary, such as auxiliary
water connections, shall be designed in accordance with
NB+3600.

NB-3436 Attachments

(a) External and internal attachments to pumps shall
be designed so as not to cause excessive localized bending
stresses or harmful thermal gradients in the pump as
determined by the rules of NB-3200. Such attachments
shall be designed to minimize stress concentrations in
applications where the number of stress cycles, due
either to pressure or thermal effect, is relatively large
for the expected life of the equipment.

(b) Attachments shall meet the requirements of
NB-3135.

NB-3437 Pump Covers

Pump covers shall be designed in accordance with
NB-3200.

NB-3438 Supports

Pump supports shall be designed in accordance with the
requirements of Subsection NF unless included under the
rules of NB-3411.1(j).

NB-3440 DESIGN OF SPECIFIC PUMP TYPES
NB-3441 Standard Pump Types

NB-3441.1 Design of Type A Pumps. Type A pumps are
those having single volutes and radially split casings with
single suction, as illustrated in Figures NB-3441.1-1 and
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NB-3441.1-2. Their design shall be in accordance with the
requirements of this subarticle.

NB-3441.2 Design of Type B Pumps. Type B pumps are
those having single volutes and radially split casings with
double suction, as illustrated in Figure NB-3441.2-1. Their
design shall be in accordance with the requirements of this
subarticle.

NB-3441.3 Design of Type C Pumps. Type C pumps are
those having double volutes and radially split casings with
single suction, as illustrated in Figures NB-3441.3-1 and
NB-3441.3-2. The splitter is considered a structural part of
the casing. Casing design shall be in accordance with the
requirements of this subarticle and with those given in (a)
through (d) below.

(a) Casing Wall Thickness. Except where specifically
indicated in these rules, no portion of the casing wall
shall be thinner than the value of t determined as follows:

t = (063 X P x A)/S,
where

A = scroll dimension inside casing as shown in
Figure NB-3441.3-2, in. (mm)
P = Design Pressure, psig (MPa gage)
Snm = allowable stress intensity for casing material at
Design Temperature, psi (MPa)
t = minimum allowable wall thickness, in. (mm)

(b) Splitter Wall Thickness

(1) The splitter shall have a minimum wall thicknéss
of t as determined above for the casing wall and.shall
extend from point B in Figure NB-3441.3-2 through a
minimum angle of 135 deg to point C. Beyend-point C,
the splitter wall may be reduced in thickness and
tapered to blend with the cutwater tip{radius.

(2) Cutwater tip and splitter tip radii shall not be less
than 0.05t.

(3) All cutwater and splitter(fillets, including the tips,
where they meet the casing wall, shall have a minimum
radius of 0.10¢t or 0.25 in, {6°'mm), whichever is greater.

(c) Crotch Radius (Figure NB-3441.3-2). The crotch
radius shall not be less than 0.3t.
(d) Bottom of Casing

(1) That-section of the pump casing within the
diameter(defined by dimension A in Figure
NB-3441.3-2 on the inlet side of the casing, normally
referred to as the bottom of the casing (see Figure
NB-8441.3-1), shall have a wall thickness no less than
the-value of t determined in (a) above.

(2) The casing surface shall be analyzed in accor-
dance with an acceptable procedure, such as that
shown for flat heads in Section III Appendices, Nonman-
datory Appendix A, Article A-5000, or by an experimental
stress technique, such as described in Section III Appen-
dices, Mandatory Appendix II.
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Figure NB-3441.1-1
Type A Pump
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Figure NB-3441.1-2
Type A Pump
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Figure NB-3441.2-1
Type B Pump

Figure NB-3441.3-1
Type C Pump

Bottom of casing
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Figure NB-3441.3-2

Type C Pump
Cutwater tip radius 0.05¢ min. t
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Outlet
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Splitter Splliezag
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(3) The minimum permissible thickness of the
bottom of the casing shall be the lesser of the value deter-
mined by the analysis in (2) above and the value obtainied
from the calculation shown in (a) above.

NB-3441.4 Design of Type D Pumps.

(a) Type D pumps are those having-double volutes and
radially split casings with double suction as illustrated in
Figure NB-3441.4(a)-1. The designishall be in accordance
with this subarticle.

(b) The requirements of NB-3441.3(a), NB-3441.3(b),
and NB-3441.3(c), govérning casing wall thickness,
splitter wall thickness,"and crotch radius, apply.

(c) In the casing'portion between the cover and the
casing wall, a walkthickness in excess of t may be required.

NB-3441,5/-Design of Type E Pumps. Type E pumps are
those having volute type radially split casings and multi-
vane diffusers that form structural parts of the casing as
illustrated in Figure NB-3441.5-1. The design shall be in
accordance with this subarticle.

NB-3441.6 Design of Type F Pumps.

(a) Type F pumps are those having radially split,
axisymmetric casings with either tangential or radial
outlets as illustrated in Figure NB-3441.6(a)-1. The
basic configuration of a Type F pump casing is a shell
with a dished head attached at one end and a bolting
flange at the other. The inlet enters through the dished
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head, and the outlet may be either tangent to the side
or normal to the center line of the casing. Variations of
these inlet and outlet locations are permitted.

(b) The design of Type F pumps shall be in accordance
with this subarticle.

NB-3441.7 Design of Type M Pumps.

(a) Type M pumps typify glandless type of pumps. With
glandless pumps the enclosure of the driver (motors or
turbines) are integral or bolted to the pump casing (see
Figure NB-3441.7-1) or welded to a vessel that contains
the pump impeller and diffuser (see Figure NB-3441.7-2).
In both cases the driver enclosure is at the same pressure
as the pump enclosure and is to be designed as a pressure
boundary item. In installations shown in Figure
NB-3441.7-2, the pumps do not have a separate and
distinct pump casing with inlet/outlet nozzles, volute
casing, or barrel. The pump impeller and diffuser may
be located within the larger pressure vessel, which
supports the driver enclosure. The pump shaft exits an
opening in the pump casing or the pressure vessel and
couples the impeller to the driver. In installations
shown in Figure NB-3441.7-1, there is a regular pump
casing that is to be designed to the rules of this Article
(see NB-3400). In addition to the driver casing, a heat
exchanger may be required to cool the driver. The
heat exchanger is connected to the driver casing by
piping. The driver casing, piping, and heat exchanger
are exposed to the same pressure as the pump casing
or the vessel that contains the impeller.
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Figure NB-3441.4(a)-1
Type D Pump
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Figure NB-3441.5-1
Type E Pump

(b) Examples of typical Type ™ pump configurations
are illustrated in Figukes NB-3441.7-1 and
NB-3441.7-2. The commefi*pump pressure boundary
shown in both figuresfincludes the driver casing,
driver covers, pressure-retaining parts of the electrical
and instrument penetrations, piping, and the driver
heat exchanger(In Figure NB-3441.7-1, the pump pres-
sure boundary*also includes the pump casing while in
Figure NB-3441.7-2, the pump pressure boundary
begins:at the attachment point of the driver casing to
the ‘main vessel (such as reactor pressure vessel or
steam generator). The design of the functional part of
the pump and motor such as the impeller, shaft, coupling,
rotor, stator, and instruments are not governed by ASME
Code rules.

(c) The Class 1, Type M pump pressure boundaries
shall be designed and constructed in accordance with
the requirements of this subarticle with the following
additional requirements:
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Figure NB-3441.6(a)-1
Type F Pump
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(1) Driver «€asings shall be designed in accordance
with NB-3200;

(2) Driver covers shall be designed in accordance
with NB>3200.

(3) -Pressure-retaining parts of the electrical and
instrument penetrations shall be designed in accordance
with NB-3200 or NB-3300.

(4) Pressure-retaining parts of the driver heat
exchanger shall be designed in accordance with
NB-3200 or NB-3300.

NB-3442 Special Pump Types — Type J Pumps

(a) Type]pumps are those that cannotlogically be clas-
sified with any of the preceding types.

(b) Any design method that has been demonstrated to
be satisfactory for the specified Design Conditions may be
used.

NB-3500 VALVE DESIGN

NB-3510 ACCEPTABILITY
NB-3511 General Requirements'®

The requirements for design acceptability for valves,
except for direct spring-loaded pressure relief valves,
shall be those given in this subarticle. Refer to
NB-3590 for the design rules for direct spring-loaded
pressure relief valves. These requirements for the accept-
ability of a valve design are not intended to ensure the
functional adequacy of the valve. In all cases, pres-
sure-temperature rating shall be as given in NB-3530
and, except for NB-3512.2(d) and in local regions
(Section III Appendices, Mandatory Appendix XIII, XIII-
3120), the wall thickness of the valve body shall not



https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NB (ASME BPVC Section III Div 1 NB Class 1) 2025.pdf

ASME BPVC.IIL.1.NB-2025

Figure NB-3441.7-1
Typical Type M Pump With Volute Case
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Figure NB-3441.7-2

Typical Type M Pump, Integral to Vessel

v

!

\____.__I —— —
|
|
| ,
- SIXK
N
| |
% LV
|
% /
% /
|
B> : | Y

N7

e

Y

Weld

Pump pressure
boundary

NN\ Y

Power and
instrumentation
leads

p—
p—
pe——

62



https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NB (ASME BPVC Section III Div 1 NB Class 1) 2025.pdf

ASME BPVC.IIL.1.NB-2025

be less than that given by NB-3541. The requirements for
prevention of nonductile fracture as set forth in
NB-3210(d) shall be met. The requirements of
NCA-3211.19(c)(1)(-a) for specifying the location of
valve boundary jurisdiction may be considered to have
been met by employing the minimum limits of
NB-1131, unless the Design Specification extends the
boundary of jurisdiction beyond these minimum limits.
The requirements of NCA-3211.19(c)(1)(-b) for speci-
fying the boundary conditions are not applicable to
valve end connections.

CAUTION: Certain types of double-seated valves have the
capability of trapping liquid in the body or bonnet cavity
in the closed position. If such a cavity accumulates liquid
and is in the closed position at a time when adjacent
system piping is increasing in temperature, a substantial
and uncontrolled increase in pressure in the body or
bonnet cavity may result. Where such a condition is
possible, it is the responsibility of the Owner or the
Owner’s designee to provide, or require to be provided,
protection against harmful overpressure in such valves.

NB-3512 Acceptability of Large Valves

Valve designs having an inlet piping connection larger
than NPS 4 (DN 100) are acceptable when they satisfy
either the standard design rules or one of the alternative
design rules.

NB-3512.1 Standard Design Rules. The design shall b
such that requirements of this subarticle are met. Thére-
quirements of NB-3530 through NB-3550 apply towvalves
of conventional shape having generally cylindtical or
spherical bodies with a single neck of a diameter{commen-
surate with that of the main body portion, sich as having a
neck inside diameter less than twice the{main run inside
diameter in the neck region.

NB-3512.2 Alternative Design-Rules. A valve design
may not satisfy all of the requirements of NB-3512.1. A
design may be accepted provided it meets one of the alter-
natives listed in (a), (b}, (¢), or (d) below.

(a) When the vatve design satisfies the rules of
NB-3530 through\NB-3546.2 with thermal stresses
neglected, the rules of Section III Appendices, Mandatory
Appendix XIII relative to accounting for thermal
secondary.stresses and fatigue analysis (Section III
Appendices, Mandatory Appendix XIII, XIII-3410, XIII-
3420, and XIII-3500) shall also be satisfied.

(D) When a valve is exempted from fatigue analysis by
the rules of Section III Appendices, Mandatory Appendix
XIII, XII1-3510, the design is acceptable, provided that the
requirements of (1) or (2) below are met.

(1) The rules of NB-3530 through NB-3546 shall be
met. The rules of Section III Appendices, Mandatory
Appendix XIII may be substituted for those of
NB-3545.2 for evaluating secondary stresses, and
NB-3545.3 need not be considered.
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(2) The rules of NB-3530 and NB-3541 shall be met.
An experimental stress analysis is performed in accor-
dance with Section III Appendices, Mandatory Appendix
II, and the rules of Section III Appendices, Mandatory
Appendix XIII with respect to primary and secondary
stresses resulting from pressure and mechanical loads
shall be met. Unless otherwise specified in the Design
Specifications, the pipe reactions shall be taken as
those loads that produce a stress [see NB-3545.2(b)]
of 0.5 times the yield strength of the piping‘in.tension
for the direct or axial load and a stress ef 1.0 times
the yield strength of the piping in bending and torsion.
Thermal secondary stresses shall be @¢counted for by
either the rules of Section III Appendices, Mandatory
Appendix XIII or NB-3545.

(c) When a valve design satisfies the rules of NB-3530
and NB-3541, and when anvexperimental stress analysis
has been performed upona similar valve in accordance
with Section III Appendices, Mandatory Appendix 11, and
an acceptable analytic method has been established, the
results may be usedin conjunction with the requirements
of Section LH Appendices, Mandatory Appendix XIII for
pressureandmechanical loads to establish design accept-
ability. Accommodation of thermal secondary stresses and
pipereactions shall be as givenin (b)(2). Requirements for
fatigue analysis of either Section III Appendices, Manda-
tory Appendix XIII or NB-3550 shall be met.

(d) When permitted by the Design Specification, a weld
end valve that does not meet all of the requirements of
NB-3540 may be designed so that it meets the require-
ments of NB-3200 for all pressure-retaining parts and
those parts defined by NB-3546.3(a), and shall also
meet all of the following requirements.

(1) Pressure, thermal, and mechanical effects, such
as those resulting from earthquake, maximum stem force,
closure force, assembly forces, and others that may be
defined in the Design Specification, shall be included in
the design analysis. For Level A Service Limits, the
pipe reaction effects are to be determined by considering
that the maximum fiber stress in the connected pipe is at
one-half of its yield strength in direct tension and at its
yield strength in torsion and in bending in the plane of the
neck and run, and also in the plane of the run perpendi-
cular to the neck, each considered separately. The individ-
ual pipe reaction effects that result in the maximum stress
intensity at all points, including all other effects, shall be
used for the analysis to satisfy the rules of NB-3200. The
valve Design Specification shall provide the loadings and
operating requirements to be considered under Level B, C,
and D Service Limits [NCA-3211.19(b)(1)(-f)] for which a
design analysis is to be included in the Design Report.

(2) In place of using the values of §,, to satisfy the
rules of Section III Appendices, Mandatory Appendix XIII,
the allowable stress intensity values for ferritic valve body
and bonnet materials shall be those allowable stress
values given in Section II, Part D, Subpart 1, Table 1A.
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For materials in Section II, Part D, Subpart 1, Tables 2A and
2B, areduced allowable stress intensity based on applying
a factor of 0.67 to the yield strengths listed in Section II,
Part D, Subpart 1, Table Y-1 shall be used.

(3) The adequacy of the stress analysis of the body
and bonnet shall be verified by experimental stress
analysis conducted in accordance with the requirements
of Section III Appendices, Mandatory Appendix II, [1-1100
through 11-1400. Individual tests shall be made to verify
the adequacy of the stress analysis of internal pressure
effects and pipe reaction effects. Tests shall be made
on at least one valve model of a given configuration,
but a verified analytical procedure may then be
applied to other valves of the same configuration, although
they may be of different size or pressure rating. The
geometrical differences shall be accounted for in the extra-
polation stress analysis. The analytical procedure shall
have verified capability of providing this extrapolation.

(4) A Design Report shall be prepared in sufficient
detail to show that the valve satisfies all applicable re-
quirements.

(5) Prior to installation, the valve shall be hydrosta-
tically tested in accordance with NB-3531.2. For this
purpose, the primary pressure rating shall be determined
by interpolation in accordance with NB-3543(c).

NB-3513 Acceptability of Small Valves

Valve designs having an inlet piping connection NPS 4
(DN 100) or less are acceptable when they satisfy either
the standard design rules or the alternative design rules:

NB-3513.1 Standard Design Rules. The design shall-be
such that the requirements of NB-3530 and NB-3541 shall
be met for wall thicknesses corresponding to the appli-
cable pressure-temperature rating. When'the Special
Class Ratings of ASME B16.34 apply, theNDE exemptions
of NB-2510 shall not be used.

NB-3513.2 Alternative Design;,Rules. A valve design
shall satisfy the requirements*of NB-3512.2.

NB-3515 Acceptabilityof Metal Bellows and Metal
Diaphragm-Stem Sealed Valves

Valves using metal bellows or metal diaphragm stem
seals shall be:constructed in accordance with the rules
of this subarticle, based on the assumption that the
bellows _or. diaphragms do not retain pressure, and
DesigfivPressure is imposed on a required backup stem
seal\such as packing. The bellows or diaphragms need
not-be constructed in accordance with the requirements
of this Section.
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NB-3520 DESIGN CONSIDERATIONS
NB-3521 Design and Service Loadings

The general design considerations of NB-3100 are ap-
plicable to valves. In case of conflict between NB-3100 and
NB-3500, the requirements of NB-3500 shall apply.

NB-3524 Earthquake

The rules of this subarticle consider that under earth-
quake loadings the piping system, not the valve, will be
limiting and that the integrity of the‘valve
pressure-retaining body is adequately’censidered
under the piping requirements of NBs3600. Where
valves are provided with operators havingextended struc-
tures and these structures are essential to maintaining
pressure integrity, an analysis;)Wwhen required by the
Design Specifications, may_bg performed based on
static forces resulting frond{ .equivalent earthquake accel-
erations acting at the centers of gravity of the extended
masses.

NB-3525 Level'A and B Service Limits

The design rules of NB-3512 and NB-3513 apply to load-
ings for which Level A or B Limits are designated except
that when evaluating Level B Limits during operation of
relief-or safety valves (a) and (b) below shall be met.

(a) The service pressure may exceed the Design Pres-
sures defined by the pressure-temperature ratings of
ASME B16.34 by no more than 10%.

(b) The rules of NB-3540 apply using allowable stress
intensity values of 110% of those listed in Section I, Part
D, Subpart 1, Tables 2A and 2B.

NB-3526 Level C Service Limits

If the Design Specifications specify any loadings for
which Level C Limits are designated, the rules used in eval-
uating these loadings shall be those of NB-3512 and
NB-3513, except as modified by the following subpara-
graphs.

NB-3526.1 Pressure-Temperature Ratings. The pres-
sure permissible for loadings for which Level C Limits
are designated shall not exceed 120% of that permitted
for Level A Limits.

NB-3526.2 Pipe Reaction Stress. Pipe reaction stresses
shall be computed in accordance with the equations of
NB-3545.2(b)(1), and the allowable value considered
individually is 1.8S,, for the valve body material at
500°F (260°C). In performing these calculations, the
value of S shall be taken as 1.2 times the yield strength
at 500°F (260°C) of the material of the connected pipe, or
36.0ksi (248 MPa) when the pipe material isnot defined in
the Design Specifications.
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NB-3526.3 Primary Stress and Secondary Stress. The
equation of NB-3545.2 shall be satisfied using C, equal to
1.5, P, computed in accordance with NB-3526.2, and Q3
equal to 0, and the calculated value shall be limited to
2.25S,,.

NB-3526.4 Secondary and Peak Stresses. The require-
ments of NB-3545 and NB-3550 need not be met.

NB-3527 Level D Service Limits

If the Design Specifications specify any loadings for
which Level D limits are designated, the following require-
ments shall apply:

(a) The rules of Section III Appendices, Mandatory
Appendix XXVII may be used in evaluating those loadings.

(b) As an alternative to (a), it is acceptable to demon-
strate that both (1) and (2) below are satisfied.

(1) The maximum internal pressure shall not exceed
the lesser of 2.0 times the Design Pressure and the rated
pressure at the temperature for which Service Level D
Limits are specified.

(2) Calculate the valve crotch [Figure
NB-3545.2(a)-1, Section A-A] stress intensity S, due to
all applicable loads

Sy = 05Qp + Py

where

P,; = primary stress in crotch region of valve body
caused by piping loads for which Level D
Service Limits are specified; includes cofibined
axial, bending, and torsion

as defined in NB-3545.2

Qr

The allowable value of this stresS/ntensity is the
lesser of 3.6S,, and 1.05S, for austenitic steel, high-
nickel alloy, and copper-nickel“alloy materials in
Section II, Part D, Subpart 1, Table 2A and all materials
in Table 2B, or 1.05S, for ferritic materials in Section
II, Part D, Subpart 1, Tablé 2A.

NB-3530 GENERAL RULES

NB-3531 Pressure-Temperature Ratings and
Hydrostatic Tests

NB-3531.1 Pressure-Temperature Ratings. A valve
designed”in accordance with NB-3541 may be used in
accordance with the pressure-temperature ratings in
ASME B16.34, Tables 2-1.1A through 2-3.19A (Standard
Class) for flanged end or welding end (including socket
welding end) valves, and ASME B16.34, Tables 2-1.1B
through 2-2.7B (Special Class) for welding end (including
socket welding end) valves, provided the Design Pressure
and Design Temperature are used. When a single valve has
aflanged and a welding end, the flanged end requirements
shall be used. The materials' ' listed in ASME B16.34, Table
1, may be used if listed in Section II, Part D, Subpart 1,
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Tables 2A and 2B, subject to the temperature limitations
therein, and as defined in NCA-1220.

NB-3531.2 Hydrostatic Tests.

(a) Except for pilot-operated pressure relief valves and
power-actuated pressure relief valves, valves designed inr
accordance with NB-3541 shall be subjected to the shell
hydrostatic test pressures required by ASME B16.34-and
in accordance with other appropriate rules of\Article
NB-6000. Valves with a primary pressure «ating less
than Class 150 shall be subjected to the required test pres-
sure for Class 150 rated valves. For pilot-eperated pres-
sure relief valves and power-actuatéd pressure relief
valves, the hydrostatic tests shall Be-performed in accor-
dance with (f) and in accordance with other appropriate
rules of Article NB-6000.

(b) The shell hydrostatic¢test shall be made with the
valve in the partially, open position. Stem leakage
during this test is_permissible. End closure seals for
retaining fluid at-test pressure in welding end valves
may be positioned in the welding end transitions, as
defined ind¥B-3544.8(b), in reasonable proximity to
the end plane of the valve so as to ensure safe application
of the test pressure.

(S) After the shell hydrostatic test, a valve closure test
shall'also be performed with the valve in the fully closed
position with a test pressure across the valve disk no less
than 110% of the 100°F (38°C) pressure rating. For valves
that are designed for Service Conditions that have the
pressure differential across the closure member
limited to values less than the 100°F (38°C) pressure
rating, and have closure members or actuating devices
(direct, mechanical, fluid, or electrical), or both, that
would be subject to damage at high differential pressures,
the test pressure may be reduced to 110% of the maximum
specified differential pressure in the closed position. This
exception shall be identified in the Design Specification,
and this maximum specified differential pressure shall be
noted on the valve nameplate and N Certificate Holder’s
Data Report Form. During this test, seat leakage is
permitted unless a limiting leakage value is defined by
the Design Specifications. The duration of this test
shall be 1 min/in. (2.5 s/mm) of minimum wall thickness
t, with a minimum duration of 1 min unless otherwise
defined in the Design Specifications.

(d) Forvalves designed for nonisolation service, whose
primary function is to modulate flow, and by their design
are prevented from providing full closure, the valve
closure test defined in (c) above is not required. This
exception shall be identified in the Design Specification
and noted on the valve nameplate and the N Certificate
Holder’s Data Report Form.

(e) Hydrostatic tests for metal bellows or metal
diaphragm stem sealed valves shall include hydrostatic
testing of the valve body, bonnet, body-to-bonnet joint,
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and either the bellows or diaphragm or the required
backup stem seal.

(f) The primary side pressure-containing portion,
including the closure disk in a forced closed position,
of each pressure relief valve (regardless of device
type) shall be hydrostatically tested at a pressure of
1.5 times the primary side Design Pressure of the
valve, but in no case lower than 1.5 times the set pressure
marked on the valve. Except as allowed in NB-6115, these
tests shall be conducted after all machining and welding
operations on the parts have been completed. The
minimum test durations shall be in accordance with
NB-6223. For closed system application, the outlet
portion of the pressure relief valves shall be hydrostati-
cally tested to 1.5 times the secondary side Design Pres-
sure (see NB-7111). During these tests, closure seat
leakage is permitted.

NB-3531.3 Allowance for Variation From Design Load-
ings. Under the conditions of relief or safety valve opera-
tion for valves designed in accordance with NB-3541, the
service pressure may exceed the Design Pressure as
defined by the pressure-temperature ratings of ASME
B16.34 by no more than 10%.

NB-3532 Design Stress Intensity Values

Design stress intensity values to be used in the design of
valves are given in Section II, Part D, Subpart 1, Tables 2A
and 2B."

NB-3533 Marking

Each valve shall be marked as required by ASME B16.34
and NCA-8220.

NB-3534 Nomenclature
Ay = effective fluid pressurg area based on fully
corroded interior contour for calculating
crotch primary smeémbrane stress [see
NB-3545.1(a)]
metal area based on fully corroded interior
contour effective in resisting fluid force
acting onlAs [see NB-3545.1(a)]
stres$-index for oblique bonnets [see
NB:3545.2(a)]
stress index for body bending secondary stress
resulting from moment in connected pipe [see
NB-3545.2(b)]
C, = stress index for body primary plus secondary
stress, inside surface, resulting from internal
pressure [see NB-3545.2(a)]

C, = discontinuity temperature gradient index,
°F/in.? (°C/mm?) [see NB-3545.2]
C, = stressindex for thermal secondary membrane

stress resulting from structural discontinuity
[see Figure NB-3545.2(c)-3 and NB-3554]

66

Cs

Cy

Cs

Ce

G

stress index for maximum secondary
membrane plus bending stress resulting
from structural discontinuity [see
NB-3545.2, Figure NB-3545.2(c)-4, and
NB-3554]

maximum magnitude of the difference in
average wall temperatures for wall thick-
nesses T, and t, (resulting from a step
change in fluid temperature ATy divided by
ATy [see Figure NB-3545.2(c)-5 and NB:3554]
stress index for thermal fatigue stress.compo-
nentresulting from through-wall tefiiperature
gradient caused by step chanhge in fluid
temperature [see Figure/NB£3545.2(c)-6
and NB-3554]

Ea = product of Young’s modulus and the coef-
ficient of linear thermal expansion at 500°F
(260°C), psi/°F (MPa/°C) (see NB-3545.2
and NB-3554)

stress index.for thermal stress resulting from
through-Wwall temperature gradient associated
with~L00°F /hr (56°C/h) fluid temperature
change rate, psi/in. (MPa/mm) (see
NB-3545.2)

inside diameter used as a basis for crotch re-
inforcement [see NB-3545.1(a)]

inside diameter of the larger end of the valve
body [see NB-3545.2(b)(3)]

inside diameter used as basis for determining
body minimum wall thickness (see NB-3541)
bending modulus of standard connected pipe
valve body section bending modulus at crotch
region [see NB-3545.2(b)], in.® (mm?®)
moment of inertia, used in calculating G, [see
NB-3545.2(b)(5)]

fatigue usage factor for step changes in fluid
temperature

strain distribution factor used in elastic-
plastic fatigue calculation (see NB-3550)
effective distances used to determine A; A,
[see NB-3545.1(a)(3)]

material parameters for determining K, [see
NB-3554]

permissible number of complete startup/
shutdown cycles at 100°F/hr (56°C/h) fluid
temperature change rate (see NB-3545.3)
permissible number of step changes in fluid
temperature from Section III Appendices,
Mandatory Appendix [

required number of fluid step temperature
changes AT (see NB-3553)

secondary stress due to pipe reaction [see
NB-3545.2(b)], psi (MPa)

general primary membrane stress intensity at
crotch region, calculated according to
NB-3545.1(a), psi (MPa)
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Design Pressure, psi (MPa)

Pressure Rating Class Index, psi (MPa)
standard calculation pressure from
NB-3545.1, psi (MPa)

rated pressures from tables of ASME B16.34
corresponding to Pressure Rating Class
Indices p,; and p,,, psi (MPa)

sum of primary plus secondary stresses at
crotch resulting from internal pressure [see
NB-3545.2(a)], psi (MPa)

maximum thermal stress component caused
by through-wall temperature gradient asso-
ciated with 100°F/hr (56°C/h) fluid tempera-
ture change rate [see NB-3545.2(c)], psi (MPa)
maximum thermal secondary membrane plus
bending stress resulting from structural
discontinuity and 100°F/hr (56°C/h) fluid
temperature change rate, psi (MPa)

mean radius of body wall at crotch region [see
Figure NB-3545.2(¢)-1], in. (mm)

inside radius of body at crotch region for calcu-
lating @, [see NB-3545.2(a)], in. (mm)

fillet radius of external surface at crotch [see
NB-3545.1(a)], in. (mm)

assumed maximum stress in connected pipe
for calculating the secondary stress due to
pipe reaction [see NB-3545.2(b)], psi (MPa)
fatigue stress intensity range at crotch region
resulting from step change in fluid temperas
ture AT and pressure APy (see NB-3550),
psi (MPa)

design stress intensity (see NB-8532), psi
(MPa)

sum of primary plus secondaty Stress intensi-
ties at crotch region resulting from 100°F /hr
(56°C/h) temperature’ change rate (see
NB-3545.2), psi (MPa)

maximum range of’sum of primary plus
secondary stress,“psi (MPa)

fatigue stress ‘intensity at inside surface in
crotch region resulting from 100°F/hr
(56°C/h) fluid temperature change rate (see
NB:3545.3), psi (MPa)

fatigue stress intensity at outside surface in
crotch region resulting from 100°F/hr
(56°C/h) fluid temperature change rate (see
NB-3545.3), psi (MPa)

thickness of valve wall adjacent to crotch
region for calculating L, and Ly [see
Figure NB-3545.1(a)-1], in. (mm)

maximum effective metal thickness in crotch
region for calculating thermal stresses [see
Figure NB-3545.2(¢)-1], in. (mm)

thickness of body (run) wall adjacent to crotch
for calculating Ly, and Ly [see
Figure NB-3545.1(a)-1], in. (mm)
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minimum body wall thickness adjacent to
crotch for calculating thermal stresses [see
Figure NB-3545.2(¢)-1], in. (mm)

minimum body wall thickness as determined
by NB-3541, in. (mm)

minimum wall thicknesses from ASME B16.34
corresponding to Listed Pressure Rating Class
Indices p,; and p,, and inside diameter d,,) in.
(mm)

full range of pressure fluctuation associated
with AT, psi (MPa)

specified range of pressure fldctuation asso-
ciated with AT;, psi (MPa)

aspecified step change influid temperature, °F
(°C), wherei=1, 2, 3;...,n; used to determine
the fatigue acceptability of a valve body (see
NB-3554)

specified rangé.of fluid temperature, °F (°C),
where [ £ 2, 3, ..., n; used to evaluate
normal valve usage (see NB-3553)
maximim magnitude of the difference in
average wall temperatures for walls of thick-
nesses t, and T,, resulting from 100°F/hr
(56°C/h) fluid temperature change rate, °F

A

tl’ t2 =

APﬁ =
API' =

ATﬁ =

ATi =

AT =

DESIGN OF PRESSURE-RETAINING
PARTS

NB-3541 General Requirements for Body Wall
Thickness

NB-3540

The minimum wall thickness of a valve body is to be
determined by the rules of NB-3542 or NB-3543.

NB-3542 Minimum Wall Thickness of Listed
Pressure-Rated Valves

The wall thickness requirements for listed pressure-
rated valves apply also to integral body venturi valves.
For a valve designed to a listed pressure rating of
ASME B16.34, the minimum thickness of its body wall,
including the neck, is to be determined from ASME
B16.34. Highly localized variations of inside diameter
associated with weld preparation [see NB-3544.8(a)
and NB-3544.8(b)] need not be considered for estab-
lishing minimum wall thickness ¢,,. In all such cases,
however, the requirements of NB-3545.2(b)(6) shall be
satisfied.

NB-3543 Minimum Wall Thickness of Valves of
Nonlisted Pressure Rating

To design a valve for Design Pressure and Design
Temperature corresponding to other than one of the pres-
sure ratings listed in the tables of ASME B16.34, the proce-
dure is the same as that of NB-3542 except that
interpolation is required as follows.
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(a) Based on the Design Temperature, linear interpola-
tion between the tabulated temperature intervals shall be
used to determine the listed pressure rating p;, next
below, and p,, next above, the Design Pressure p, corre-
sponding to listed Pressure Rating Class Indices, p,; and
Dr2, respectively.

NOTE: For all listed pressure ratings except Class 150, the Pres-
sure Rating Class Index is the same as the pressure rating class

designation. For Class 150, use 115 for the Pressure Rating Class
Index.

(b) Determine the minimum wall thickness ¢,, corre-
sponding to Design Loadings by:

fH o+ Y
P, — P

(c) Determine the interpolated Pressure Rating Class
Index p,, corresponding to Design Loadings, by:
B~ P

o[22 )

NB-3544 Body Shape Rules

The rules of this paragraph constitute minimum re-
quirements intended to limit the fatigue strength reduc-
tion factor, associated with local structural discontinuities
in critical regions, to 2.0 or less. When smaller values of the
fatigue strength reduction factor can be justified, it is
permissible to use them.

NB-3544.1 Fillets for External and Internal InterSec-
tions and Surfaces.

Ly, =

] X (ty — t)

(a) Intersections of the surfaces of the pressure-
retaining boundary at the neck to bodyjunhction shall
be provided with fillets of radidws™, = 0.3¢t,,.
Figure NB-3544.1(a)-1 illustrates sugh. fillets.

(b) Corner radii on internal surfaces with r, < r, are
permissible.

(c) Sharp fillets shall be avoided. When sharp disconti-
nuities are convenient for rifig grooves and similar config-
uration details, they shallbe isolated from the major body
primary and secondary stresses or modified as illustrated
by Figure NB-3544.%4(c)-1.

NB-3544.2 Penetrations of Pressure-Retaining
Boundary."Penetrations of the pressure-retaining
boundary, ‘other than the neck intersection, such as
holessrequired for check valve shafts and drain or
sensing lines, shall be located to minimize the
compounding of normal body stresses.

NB-3544.3 Attachments. Attachments, such as lugs
and similar protuberances, on the pressure-retaining
boundary shall be tapered to minimize discontinuity
stresses (see Figure NB-3544.3-1). Reentrant angles
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shall be avoided. Attachments shall meet the requirements
of NB-3135.

NB-3544.4 Body Internal Contours. Body internal
contours in sections normal to the run or neck center
lines shall be generally smooth in curvature, or so propor-
tioned that the removal of unavoidable discontinuities,
such as the valve seat, will leave generally smooth curva-
ture.

NB-3544.5 Out-of-Roundness. Out-of-roundness in
excess of 5% for sections of essentially uniform thickness
shall be such that:

2 2
- - S
b 3] 3b 211210 a 15| 2m
ty 4 ty b

where

2a = minor inside diametef, in. (mm)
2b = major inside diameter, in. (mm)
t, = thickness, in{fnim)

The ovality cfitérion can be satisfied by increasing the
thickness locally, provided that the thickness variation is
smoothly. distributed. Out-of-roundness in excess of this
limitationvmust be compensated for by providing rein-
forcement.

NB-3544.6 Doubly Curved Sections. Sections curved
longitudinally with radius riong as well as laterally
with radius ry,, must be such that:

1 1
+ -
ILat

>
3d,,

"Long
where d,, is the diameter used to establish the local wall
thickness by NB-3541.

NB-3544.7 Flat Sections. Flat sections shall be suffi-
ciently limited in extent so that arcuate sections having
the same radius-thickness ratio as required by
NB-3542 may be inscribed (Figure NB-3544.7-1). The
inscribed section may be less thick than the minimum
thickness required by NB-3542, provided that its
radius is proportionally smaller than the value used to
determine the minimum required thickness. The
method of NB-3544.6 above may be used to show additive
support, but the denominator of the right side term must
be reduced in the ratio of the thickness of the inscribed
arcuate section to the minimum required thickness (see
NB-3542). If adequacy cannot be shown by the above
rules, it is necessary to determine the stresses in the
flat region experimentally to demonstrate adequacy for
pressure-induced stresses only, with internal pressure
equal to the standard calculation pressure p;.
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Figure NB-3544.1(a)-1
Fillets and Corners

r, = 0.3 tm

Figure NB-3544.1(c)-1
Ring Grooves

rg = 0.057y, whichever is greater
0.1h
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|

-————

S

Unacceptable Acceptable
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Figure NB-3544.3-1
Lugs and Protuberances

S S S

Unacceptable

777777

Acceptable

Figure NB-3544.7-1
Flat Wall Limitation
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NB-3544.8 Body End Dimensions.

(a) Valve body contours at valve weld ends shall be in
accordance with Figure NB-4250-1, and, unless otherwise
stated in the Design Specifications, with ASME B16.34.

(b) Valve body transitions leading to valve weld ends
shall be in accordance with ASME B16.34.

(c) Flanged ends shall be in accordance with ASME
B16.34.

(d) Alignmenttolerances given in Figure NB-4233(a)-1
shall apply to all auxiliary piping, such as drain lines, which
begin or terminate at the valve.

(e) For socket welding ends, valves NPS 2 (DN 50) and
smaller for which the body cavity consists of cylindrically
bored sections shall meet all of the following:

(1) d,, shall be the port drill diameter;

(2) the requirements of NB-3542 shall be satisfied;
and

(3) socket welding end valves greater than NPS 2
(DN 50) shall not be used.

NB-3544.9 Openings for Auxiliary Connections. Open-
ings for auxiliary connections, such as for drains, bypasses,
and vents, shall meet the requirements of ASME B16.34
and the applicable reinforcement requirements of
NB-3330.

NB-3545 Body Primary and Secondary Stress
Limits
The limits of primary and secondary stresses are estab-
lished in the following subparagraphs.

NB-3545.1 Primary Membrane Stress Due to.Internal
Pressure. For valves meeting all requirements of this
subarticle, the most highly stressed portion of the
body under internal pressure is at the neck to flow
passage junction and is characteriZed by circumferential
tension normal to the plane of\center lines, with the
maximum value at the inside”surface. The rules of this
paragraph are intended to-control the general primary
membrane stress in this\¢rotch region. The Standard
Calculation Pressure psito be used for satisfying the re-
quirements of NB-3545 is found either directly or by inter-
polation from thetables in ASME B16.34 as the pressure at
500°F (260°C) for the given Pressure Rating Class Index p,.

(a) In the crotch region, the maximum primary
membrane stress is to be determined by the pressure
area method in accordance with the rules of (1)
through (6) below using Figure NB-3545.1(a)-1.

(1) From an accurately drawn layout of the valve
body, depicting the finished section of the crotch
region in the mutual plane of the bonnet and flow
passage center lines, determine the fluid area Arand
metal area A,,. Arand A,, are to be based on the internal
surface after complete loss of metal assigned to corrosion
allowance.
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(2) Calculate the crotch general primary membrane

stress intensity:
A
= |L + os
A, s

The allowable value of this stress intensity is S, for
the valve body material at 500°F (260°C) as given in
Section II, Part D, Subpart 1, Tables 2A and 2B.

(3) The distances L, and Ly, which provide bounds
on the fluid and metal areas, are determined as follows.
Use the larger value of:

Iy = 05d — T,

P

m

or
Ly =5

and use
Ly = 0S5+ 0354 (T(d + Tp,)

where the dimensions are as shown in Figure
NB-3545.1(a)31.

In establishing appropriate values for the above pa-
rameters, some judgment may be required if the valve
bodynis irregular as it is for globe valves and others
with nonsymmetric shapes. In such cases, the internal
boundaries of Afshall be the lines that trace the greatest
width of internal wetted surfaces perpendicular to
the plane of the stem and pipe ends [see Figure
NB-3545.1(a)-1, sketches (b), (d), and (e)].

(4) If the calculated boundaries for Arand A, as
defined by L, and Ly, fall beyond the valve body [see
Figure NB-3545.1(a)-1, sketch (b)], the body surface
becomes the proper boundary for establishing A and
A,,. No credit is to be taken for any area of connected
piping that may be included within the limits of L, and
Ly. If the flange is included with A, the area of one
bolt hole is to be subtracted for determining the net
value of A4,,.

(5) Except as modified below, web or fin-like exten-
sions of the valve body are to be credited to 4,, only to an
effective length from the wall equal to the average thick-
ness of the credited portion. The remaining web area is to
be added to Af [see Figure NB-3545.1(a)-1, sketch (b)].
However, to the extent that additional area will pass
the following test, it may also be included in 4,,. A line
perpendicular to the plane of the stem and pipe ends
from any points in A,, does not break out of the
wetted surface but passes through a continuum of
metal until it breaks through the outer surface of the body.

(6) In most cases, it is expected that the portions
defined by A,, in the several illustrations of
Figure NB-3545.1(a)-1 will be most highly stressed.
However, in the case of highly irregular valve bodies, it
is recommended that all sections of the crotch be
checked to ensure that the largest value of P, has
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Figure NB-3545.1(a)-1
Pressure Area Method
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Figure NB-3545.1(a)-1
Pressure Area Method (Cont’d)
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been established considering both open and fully closed
conditions.

(b) Inregions other than the crotch, while the value of
P,, calculated by (a) will be the highest value of body
general primary membrane stress for all normal valve
types with typical wall proportioning, the designer is
cautioned to review unusual body configurations for
possible higher stress regions. Suspected regions are to
be checked by the pressure area method applied to the
particular local body contours. The allowable value of
this stress intensity is S,, for the valve body material
at 500°F (260°C) as given in Section II, Part D, Subpart
1, Tables 2A and 2B.

NB-3545.2 Secondary Stresses. In addition to satis-
fying the criteria of NB-3541 through NB-3545.1, a
valve body shall also satisfy the criterion that the
range of primary plus secondary stresses S, due to internal
pressure, pipe reaction, and thermal effects shall not
exceed 35, for the body material at 500°F (260°C),
where @, P, and Q73 are determined by the rules of
this paragraph. That is:

S = Q, + Ry + 2Qp < 35,

(a) See below.
(1) Thebody primary plus secondary stress @, due to
internal pressure is to be determined by:
C

i
pt—+0.sps
(4

where the primary plus secondary pressure stress.index
C, is equal to 3 and

2,

ps = Standard Calculation Pressure-defined by
NB-3545.1, psi (MPa)

r; = radius of a circle that circumscribes the inside wall
contour in the crotch regiofi;\ih. (mm)

t. = aneffective wall thickness@tthatlocation, in. (mm)

(typically t, = T,) [see*Figure NB-3545.1(a)-1]

In choosing an appropriate value for t,, credit may be
taken for general reinforcement material at the critical
section but not fox local fillets. Protuberances or ribs
are not to be considered in determining r; and t,.. Guidance
is provided by Figure NB-3545.2(a)-1 in which the illus-
trations correspond to the critical sections of the valve
bodies of Figure NB-3545.1(a)-1. The parameters r;
and tzare intended to be representative of a tee, reinforced
oy unreinforced, with the general configuration of the
valve body for which minor shape details associated
with the valve function are ignored.

(2) For valve bodies with bonnet center lines other
than perpendicular to the flow passage, the body stress @,
due to internal pressure defined above must be multiplied
by the factor C,:
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0.8

C, = 02 + —
sm o

where

a = acute angle between the bonnet and flow passage
center lines, deg

(b) The secondary stress due to pipe reaction shall
meet the criteria of (1) through (6) below to enstre
the adequacy of the valve body for safely transmitting
forces and moments imposed by the connected piping
system.

(1) Based on the critical section A-A at(the crotch, as
illustrated by Figure NB-3545.2(a)-1, calculate the value
of P, where
(Bending load effect)

CpFpS
Gy

Py =

The allowable value of P.3is 1.55,, for the valve body mate-
rial at 500°F (260°C). Determination of S, F,, Cp, and G,
required to calculate P, is to be in accordance with
the requireménts of (2) through (5) below.

(2) When the valve designer knows the material of
the connected pipe, S may be calculated as the yield
strerigth for the pipe material at 500°F (260°C). When
the-designer does not know the piping material or is
designing a valve independently of a particular applica-
tion, the value of S shall be taken as 30,000 psi (200 MPa).

(3) Calculate F, as follows:

0.393 d,’p
Fp= —
fo ~ &
where
d, = the inside diameter of the larger end of the valve

body
20,000 when py is in psi units
137.9 when p; is in MPa units

fo
fo

The value F}, to be applied shall be the greater of the calcu-
lated value, or
(-a) for d, < 10.02 in. (254.5 mm), the section
modulus of Schedule 40 pipe with the next larger
inside diameter than d,, or
(-b) for d, > 10.02 in. (254.5 mm), the quantity:
(-1) 0.295d,” when d, is in inch units
(-2) 7.493d,” when d., is in mm units
(4) Calculate the factor Cj:

2

3
Cp = 0335

te

When the results are less than 1.0, use C, = 1.0.
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Figure NB-3545.2(a)-1
Critical Sections of Valve Bodies
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(5) The factor Gy, is the section modulus I/(r; + t,), in.
(mm?), for bending at the plane through A-A about the axis
perpendicular to the mutual plane of bonnet and body
center lines, such as that axis that produces maximum
bending stress at the corner of the crotch. The fiber
stress at the outside surface is to be considered as
governing in calculating Gy,

(6) When valves are to be applied in a venturi
arrangement such that the connected pipe may be
larger than that corresponding to the nominal size of
the valve, it is necessary to base P., on the actual
larger connected pipe. Such cases must be treated indivi-
dually to ensure compliance with the secondary and
fatigue stress criteria of this subarticle. When the
venturi arrangement is not fabricated by the N Certificate
Holder, the Design Specifications shall include sufficient
information to permit the N Certificate Holder to make this
check.

(c) Thermal secondary stresses in the valve crotch
region, resulting from through-wall temperature gradient
and thickness variation (average temperature difference),
are to be calculated on the basis of a continuous ramp
change in fluid temperature at 100°F/hr (56°C/h)
using the model of Figure NB-3545.2(c)-1 sketch (a).
Figure NB-3545.2(c)-1 sketch (b) illustrates how r, T,
Te2, and t, are to be determined for the typically irregular
crotch shape of valves. The thermal secondary stress
components are to be determined in accordance with
the following:

(1) Stress component Qr; , which is the result of @
through-wall temperature gradient, is defined as:

2
where
C; = 110psi/in.? (0.001 MPa/mm?)for ferritic steels, or

C; = 380 psi/in.” (0.004 MPa/mm<)for austenitic steels

Te1 is illustrated in Figure NB:3545.2(c)-1.

(2) Stress component. @43 that is the membrane plus
bending stress as a result/of wall thickness variation is
defined as:

Qpy = CeCAT
where (3 is\found from Figure NB-3545.2(c)-4 and C; is
defined«in NB-3534:

AT = (T2 - )

where

C1 = 0.53 °F/in.% (4.6 x 10~*°C/mm?) for ferritic steels,
or
C1 = 1.4°F/in.? (1.2 x 1073°C/mm?) for austenitic steels

t. is illustrated in Figure NB-3545.2(c)-1.
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NB-3545.3 Fatigue Requirements. The fatigue analysis
requirements are satisfied provided the rules of this
subparagraph and the rules of NB-3550 are met.

The calculated allowable number of cycles is N, = 2,000
cycles, where N, is determined from Section III Appen-
dices, Mandatory Appendix I by entering the appropriate
curve with S, with S, defined as the larger value of S,; and
Sy, defined as follows:

By,
2

Sp1

2
= EQP + Q—T3 + 13Q_T1

sz

K
0’4Qp + ;(Peb + 2QT3>

Thevalues of S,y and S, are based on thevalues for Q,, Pep,
Qr1, and Q73 found in accordance with the rules of
NB-3545.2. K is the fatigue strength reduction factor asso-
ciated with the external fillet-atthe crotch and is to be
considered as 2.0 unless the designer can justify use of
a smaller value.

NB-3546 Design Requirements for Valve Parts
Other, Than Bodies

NB-3546.1"Body-to-Bonnet Joints.

(a) Belted body-to-bonnet joints shall be designed in
accordance with the pressure design rules of Section III
Appendices, Mandatory Appendix XI, Article XI-3000,
including the use of the appropriate allowable stress
given in Section II, Part D, Subpart 1, Tables 1A and
1B, or by the procedures of Section III Appendices, Man-
datory Appendix XIII, except fatigue analysis of bolts is not
required.

(b) Body-to-bonnet joints other than bolted connec-
tions including joints of special or patented types for
which specific standards do not exist may be used
provided that the N Certificate Holder shall use
methods of design and construction that will be as safe
as otherwise required by the rules of this subarticle
for the following design conditions:

(1) Design Pressure equal to Standard Calculation
Pressure pg (see NB-3545.1);

(2) calculation temperature of 500°F (260°C);

(3) thermal stresses based on most severe condi-
tions resulting from continuous fluid temperature
ramp increase or decrease at 100°F/hr (56°C/h);

(4) fatigue life at least 2,000 cycles of startup/shut-
down based on the above conditions with simultaneous
increase or decrease of pressure and temperature.

NB-3546.2 Valve Disk. The valve disk shall be consid-
ered a part of the pressure-retaining boundary. The
primary membrane stress intensity shall not exceed
Sm and the primary bending stress intensity shall not
exceed 1.55,,.
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Figure NB-3545.2(c)-1

Model for Determining Secondary Stress in Valve Crotch Region

Model based on

Rir =10
ri/te=10.5

~
)

—

For T,; < t,as

l<—

~
@

determined above, use T, = ¢,

—

Te

— \—
—

l<—

~
@

—

T, = diameter of the largest circle that can be drawn in an area
of the crotch on either side of a line bisecting the crotch

T,, = diameter of the largest circle that can be drawn entirely
within the wall at the crotch region
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Figure NB-3545.2(c)-3
Thermal Stress Index Versus Thickness Continuity Run or Branch
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Figure NB-3545.2(c)-4
Secondary Stress Index Versus Thickness Discontinuity Run or Branch
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Figure NB-3545.2(c)-5
C, Versus T,,/t,
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NB-3546.3 Other Valve Parts.

(a) Valve stems, stem retaining structures, and other
significantly stressed valve parts whose failure can
lead to gross violation of the pressure-retaining boundary
shall be designed so that their primary stresses, based on
pressure equal to the 100°F (38°C) pressure rating and
conservatively estimated or calculated additional load-
ings, where applicable, do not exceed S, as tabulated
in Section II, Part D, Subpart 1, Tables 2A and 2B, or
for materials not listed in these Tables, do not exceed
two-thirds of the minimum specified yield strength or
one-fourth of the minimum specified tensile strength,
whichever is lower.

(b) Bypass piping shall be designed in accordance with
the requirements of NB-3600. Unless otherwise stated in
the valve Design Specifications, bypass piping design shall
be the responsibility of the piping system designer.

(c) Valve designs, requiring solenoid plunger core
tubes or electromagnetic position indicator core tubes,
may substitute the rules of NB-3641.1 for the require-
ments of NB-3541, NB-3542, or NB-3543 for minimum
wall thickness of the extension, provided that detailed
calculations are prepared in accordance with NB-3200
at the 100°F (38°C) valve pressure-rating conditions,
and covering all discontinuities in the core tube, including
the cap end and attachment end, and all welds, including
any dissimilar metal welds. These calculations shall be
included in the Design Report (see NB-3560). The calcula;
tions shall include the design loadings given,in
NB-3546.1(b)(1) through NB-3546.1(b)(4) along\with
any additional requirements given in the Desigh-Specifi-
cations.

NB-3546.4 Fatigue Evaluation. When'the Design
Specifications include such service loadings that the
valve is not exempted from fatigue analysis by the
rules of Section III AppendicesyMandatory Appendix
XIII, XIII-3510, it is recommeénded that consideration
be given to the cyclic stress duty of the portions considered
by NB-3546.

NB-3550 CYCLIC'LOADING REQUIREMENTS

NB-3551 Verification of Adequacy for Cyclic
Conditions

The adéquacy of a valve for cyclic loading shall be veri-
fied.in-accordance with this subsubarticle. Nonintegral
seatrings attached to the valve body by partial penetration
or'fillet welds (see NB-4433) are exempt from the fatigue
analysis requirements of NB-3123.2, provided the seat
rings are shouldered against the valve body; see Figure
NB-3544.1(c)-1.

NB-3552 Excluded Cycles

In satisfying the cyclic loading requirements, the
following variations need not be considered:
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(a) pressure variations less than p;/3 for carbon and
low alloy steels and less than p,/2 for austenitic stainless
steels;

(b) temperature variations less than 30°F (17°C);

(c) accident or maloperation cycles expected to occur
less than five times (total) during the expected valve life;

(d) startup, shutdown cycles with temperature change
rates of 100°F /hr (56°C/h) or less, not in excess of 2,000.

NB-3553 Fatigue Usage

The application of a valve conforming toNB-3512.1 is
acceptable for cyclic loading conditiens“provided its
fatigue usage I, is not greater than 1.0’as evaluated in
(a), (b), and (c) below.

(a) Consider fluid temperature changes not excluded
by NB-3552 to occur instantaneously. Provided that
these changes occur in ofie,direction and recovery is at
temperature changeates not in excess of 100°F /hr
(56°C/h), the fatigue\tisage factor may be found by:

N..
Z ri

N

1

I

where IN,;-1s the required or estimated number of fluid
temperature step changes AT; and N; is found from
Section III Appendices, Mandatory Appendix I, Figures
[29.1 and 1-9.2.

(b) If both heating and cooling effects are expected at
change rates exceeding 100°F /hr (56°C/h), the number of
cycles are to be associated by temperature ranges AT;. For
example, assuming the following variations are specified:

= 250°F (140°C) heating
= 150°F (80°C) cooling
= 100°F (56°C) cooling

20 variations: ATy
10 variations: AT,
100 variations: ATj

Lump the ranges of variation so as to produce the greatest
effects as follows:

250 + 150 = 400°F
(140 + 80 = 220°C)
250 + 100 = 350°F
(140 + 56 = 196°C)
100°F(56°C)

10 cycles ATy

10 cycles ATf2

90 cycles ATf3

(c) Pressure fluctuations not excluded by NB-3552 are
tobeincluded in the cyclicload calculations. The full range
of pressure fluctuation from the normal condition to the
condition under consideration shall be represented by Ap;
in NB-3554.

NB-3554 Cyclic Stress Calculations

A valve conforming to NB-3512.1 shall be qualified by
the procedure of (a) through (d) below, where C5, C3, Cs,
and Cs are from Figure NB-3545.2(c)-3, Figure
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NB-3545.2(c)-4, Figure NB-3545.2(c)-5, or Figure
NB-3545.2(c)-6. Cg is defined in NB-3534.

(a) The following criterion shall be met by the greatest
temperature range:

Qp[Apf(max)/ps] + C6C2C4ATf(max) < 3S,

where ATqmay) is the largest lumped temperature range
obtained using the methods of NB-3553(b), and Apjmay) is
the largest range of pressure fluctuation associated with
ATfmax)-

(b) Calculate:

Sn(max) = Qp [Apf(max)/}’s] + C6C3C4ATf(max)

Provided that S, (max) < 3Sp, calculate the fatigue stresses
for each cyclic loading condition as follows:

Determine the allowable number of cycles N; for each
loading condition by entering Section Il Appendices, Man-
datory Appendix I, Figures 1-9.1 and [-9.2 with §;/2, and
determine the fatigue usage by NB-3553(a).

(c) If Sy(may is greater than 35, but less than 3mS,,,, the
value of S;/2 to be used for entering the design fatigue
curve is to be found by multiplying S; by K., where:

1 - n) Sn(rnax) B 1]

K, = 10 +
¢ n(m — 1)[ 38,

and where the values of the material parameters m-and n
are as given in Section Il Appendices, Mandator{x Appen-
dix XIII, Table XIII-3450-1.

(d) If Sy(max) is greater than 3mS,,, use"Ks= 1/n.

NB-3560 DESIGN REPORTS
NB-3561 General Requirements

The certified Design Reports-listed in this paragraph
meet the requirements of-NCA-3211.40 for the Design
Report.

NB-3562 Design Report for Valves Larger Than
NPS 4 (DN 100)

A Design Report shall be prepared in sufficient detail to
show that the valve satisfies the requirements of NB-3512.
For avalve designed in accordance with NB-3512.1, the
Désign Report shall show that the applicable require-
ments of NB-3530, NB-3541 through NB-3546.2, and
NB-3550 have been met. It is not necessary to write a
special Design Report based on specified Design Pressure
and Design Temperature when they are within the pres-
sure-temperature rating and when supplementary infor-
mation or calculations are also provided, as necessary, to
complete the report for a specific application, such as the
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thermal cyclic duty evaluation of NB-3550. A report
submitted demonstrating a design for loadings more
severe than the specified loadings is also acceptable.

NB-3563 Design Report Requirements for NPS 4
and Smaller (<DN 100) Valves

For valves whose inlet piping connection is nominally
NPS 4 (DN 100) or smaller, the Design Report shall include
details to show that the requirements of NB-3513.have
been met.

NB-3590 PRESSURE RELIEF VALVE DESIGN
NB-3591 Acceptability

NB-3591.1 General. The rules of this subsubarticle
constitute the requirements for-the design acceptability
of direct spring-loaded pressure, relief valves. The design
rules for pilot-operated afid power-actuated pressure
relief valves are cowveréd by NB-3510 through
NB-3563. The requiremnients of Article NB-7000 relative
to set pressure, lift) blowdown, and closure shall be met.

NB-3591.2 Applicable Items. The rules of this subsu-
barticle cover the pressure-retaining integrity of the valve
inlet and eutlet connections, nozzle, disk, body structure,
bonnet (yoke), and body-to-bonnet (yoke) bolting. The
ruléstef this subsubarticle also cover other items such
as'the spring, spindle (stem), spring washers, and set pres-
sure-adjusting screw. The rules of this subsubarticle do
not apply to guides, control ring, bearings, set screws,
and other non-pressure-retaining items. Figures
NB-3591.2-1 and NB-3591.2-2 are illustrations of
typical direct spring-loaded pressure relief valves.

NB-3591.3 Definitions. The definitions for pressure
relief valve terms used in this subsubarticle are given
in ASME PTC 25, and in Article NB-7000. Pressure
relief valves characteristically have multipressure
zones within the valve, that is, a primary pressure
zone and a secondary pressure zone as illustrated by
Figures NB-3591.2-1 and NB-3591.2-2.

NB-3591.4 Acceptability of Small Liquid Relief Valves.
Liquid pressure relief valves meeting the requirements of
Article NB-7000 and having an inlet piping connection
NPS 2 (DN 50) and under shall comply with the
minimum wall thickness requirements of NB-3542 or
NB-3543 for the applicable pressure zone. Flange end
ratings of NB-3531.1 shall be used regardless of end
connection. The applicable design requirements of this
subsubarticle covering the nozzle, disk, and bonnet
shall apply. The analyses of NB-3544, NB-3545, and
NB-3550 do not apply.

NB-3591.5 Acceptability of Safety and Safety Relief
Valves. The design shall be such that the requirements
of this subsubarticle are met.
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Figure NB-3591.2-1
Typical Pressure Relief Devices
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Figure NB-3591.2-2

Typical Pressure Relief and Safety Relief Devices
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NB-3592 Design Considerations

NB-3592.1 Design Conditions. The general design re-
quirements of NB-3100 are applicable, with consideration
for the design conditions of the primary and secondary
pressure zones. The design pressure of the Design Spec-
ification shall be used for the applicable zones.

In case of conflict between NB-3100 and NB-3590, the
requirements of NB-3590 shall apply. Mechanical loads for
both the closed and the open (full discharge) positions
shall be considered in conjunction with the service condi-
tions. In addition, the requirements of Article NB-7000
shall be met.

NB-3592.2 Stress Limits for Specified Service Load-
ings.

(a) Stresslimits for Level Aand B Service Loadings shall
be as follows:

(1) the primary membrane stress intensity shall not
exceed S,,;

(2) the primary membrane stress intensity plus
primary bending stress intensity shall not exceed 1.5S,,;

(3) substantiation by analysis of localized stresses
associated with contact loading of bearing or seating
surfaces is not required;

(4) the values of S,, shall be in accordance with
Section II, Part D, Subpart 1, Tables 24, 2B, and 4.

(b) Stresslimits for Level C Service Loadings shall be as
follows:

(1) the primary membrane stress intensity shallsiet
exceed 1.5S,,;

(2) the primary membrane stress intensity plus
primary bending stress intensity shall not exceed 1.8S,,
(see NB-3526.2);

(3) the rules of NB-3526.3 must-be. satisfied.

(c) Stress limits in NB-3527 for 4.ével D Service Load-
ings shall be used.

(d) These requirements for<the acceptability of valve
design are notintended to ensure the functional adequacy
of the valve. However, thé\Designer is cautioned that the
requirements of Article:NB-7000 relative to set pressure,
lift, blowdown, and ‘closure shall be met.

NB-3592.3 Earthquake. The rules of this subsubarticle
consider that-under earthquake loadings the piping
system ot \vessel nozzle, rather than the valve body,
will be\imiting. Pressure relief valves have extended
strictures and these structures are essential to main-
taihing pressure integrity. An analysis, when required
by the Design Specification, shall be performed based
on static forces resulting from equivalent earthquake
acceleration acting at the centers of gravity of the
extended masses. Classical bending and direct stress
equations, where free body diagrams determine a
simple stress distribution that is in equilibrium with
the applied loads, may be used.
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NB-3593 Special Design Rules

NB-3593.1 Hydrostatic Test. Hydrostatic testing shall
be performed in accordance with NB-3531.2(f).

NB-3593.2 Marking. In addition to the marking
required by NCA-8220 and Article NB-7000, the
secondary Design Pressure shall be marked on the
valve or valve nameplate.

NB-3594 Design of Pressure Relief Valve Parts

NB-3594.1 Body. The valve body shall be analyzed with
consideration for the specific configuration of the body
and the applicable pressure zone @and loadings. The
design shall take into consideration the adequacy of
the inlet flange connection, the\outer flange connection,
and the body structural configuration. In valve designs
where the outlet flangedsyan extension of the bonnet,
the bonnet design shall conform to all rules of body
design. The body shall be designed in accordance with
the rules of NB-3540 through NB-3550. The design
adequacy of thefinlet and outlet flanges shall be deter-
mined using the rules of NB-3658. Flanges shall
conform~to the applicable pressure-temperature
ratings of NB-3531.1 and shall meet the interface dimen-
sions\of ASME B16.5.

NB-3594.2 Bonnet (Yoke). The bonnet (yoke) may be
analyzed using classicbending and direct stress equations,
with appropriate free body diagrams. The general primary
membrane stress intensity and the general primary
membrane plus primary bending stress intensity shall
be determined and shall not exceed the stress limits of
NB-3592.2.

NB-3594.3 Nozzle. The nozzle shall be analyzed in
accordance with the applicable rules of NB-3540 and
NB-3550, with a basic analytical model configuration
as shown in Figure NB-3594.3-1. The sections of the
nozzle where dimensions are limited by the flow capacity
and the operational control requirements may be consid-
ered as simple cylindrical sections. The minimum wall
thickness of these sections shall be determined in accor-
dance with NB-3324.1. These requirements are not appli-
cable to the transition region to the seat contacting area of
the nozzle, defined by L in Figure NB-3594.3-1, provided
dimension L is less than the nominal wall thickness t;. In
accordance with NB-2121(c), for materials not listed in
Section II, Part D, Subpart 1, Tables 2A and 2B, the S,
value shall be determined in accordance with the rules
of Section II, Part D, Mandatory Appendix 2.

NB-3594.4 Body-to-Bonnet Joint. The body-to-bonnet
joint shall be analyzed in accordance with NB-3546.1.

NB-3594.5 Disk. The valve disk shall satisfy the re-
quirements of NB-3546.2. In accordance with
NB-2121(c), for materials not listed in Section II, Part
D, Subpart 1, Tables 2A and 2B, the S,, value shall be
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Figure NB-3594.3-1
Valve Nozzle
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Af = fluid area, in2 (mm?)
A, = metal area, in.?2 (mm?)
L = length of seat transition region, in. (mm)
r; = inside radius at crotch region, in. (mm)
rp, = outside fillet radius at crotch, in. (mm)
t;, t; = nozzle wall thickness, in. (mm)
te = minimum body wall thickness adjacent to crotch, in. (mm)
T.1 = maximum effective thickness\in’crotch region, in. (mm)
T., = effective crotch wall thickhess, in. (mm)

determined in accordarce with the rules of Section II, Part
D, Mandatory Appéndix 2.

NB-3594.6. Spring Washer. The average shear stress
shall not exceed 0.6S,,,. The primary bending stress inten-
sity shall not exceed the stress limits of NB-3592.2.

NB-3594.7 Spindle (Stem). The general primary
membrane stress intensity shall not exceed the stress
limits of NB-3592.2.

NB-3594.8 Adjusting Screw. The adjusting screw shall
be analyzed for thread shear stress in accordance with the
method of ASME B1.1 and this stress shall not exceed
0.6S,,. The general primary membrane stress intensity
of the adjusting screw shall not exceed the stress
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limits of NB-3592.2, based on the root diameter of the
thread.

NB-3594.9 Spring. The valve spring shall be designed
so that the full lift spring compression shall be no greater
than 80% of the nominal solid deflection. The permanent
set of the spring (defined as the difference between the
free height and height measured a minimum of 10 min
after the spring has been compressed solid three addi-
tional times after presetting at room temperature)
shall not exceed 0.5% of the free height.
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NB-3595 Design Report

NB-3595.1 General Requirements. A Design Report
shall be prepared in sufficient detail to show that the
valve satisfies the rules of this subsubarticle and
NCA-3211.40.

NB-3600 PIPING DESIGN

NB-3610 GENERAL REQUIREMENTS
NB-3611 Acceptability

The requirements for acceptability of a piping system
are given in the following subparagraphs.

NB-3611.1 Stress Limits. The design shall be such that
the stresses will not exceed the limits described in
NB-3630 except as provided in NB-3611.2.

NB-3611.2 Acceptability When Stresses Exceed Stress
Limits. When the stresses as determined by the methods
given in NB-3630 exceed the limits thereof, the design can
be accepted, provided it meets the requirements of
NB-3200.

NB-3611.3 Conformance to NB-3600. In cases of
conflictbetween NB-3100 and NB-3600, the requirements
of NB-3600 shall apply.

NB-3611.4 Dimensional Standards. For the applicable
year of issue of all dimensional standards referred to in
NB-3600, see Table NCA-7100-1.

NB-3611.5 Prevention of Nonductile Fracture. The re-
quirements for prevention of nonductile fracture as set
forth in NB-3210(d) shall be met.

NB-3612 Pressure-Temperature{Ratings
NB-3612.1 Standard Piping Products.

(a) When standard piping products are used, the pres-
sure ratings given as funetions of temperature in the
appropriate standards listed in Table NCA-7100-1 shall
not be exceeded. In;addition, the requirements of
NB-3625 shall be\met. When established pressure
ratings of standard products do not extend to the
upper temperature limits for the material, the ratings
between-«those established and the upper temperature
limit may/be determined in accordance with NB-3649.

(b) When the adequacy of the pressure design of a stan-
dard product is established by burst tests, the manufac-
turer of the product shall maintain a record of burst tests
conducted to ensure adequacy of product and shall so
certify. Such records shall be available to the purchaser.

NB-3612.2 Piping Products Without Specific Ratings.
If piping products are used for which methods of construc-
tion are not covered by this Subsection, the manufacturer
of the product shall use methods of construction that will
be as safe as otherwise provided by the rules of this
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Subsection. When products are used for which pres-
sure-temperature ratings have not been established by
the standards listed in Table NCA-7100-1, the products
shall be designed and tested in accordance with
NB-3640. The manufacturer’s recommended pressure-
temperature ratings shall not be exceeded.

NB-3612.4 Considerations for Local Conditions and
Transients.

(a) When piping systems operating at differént pres-
sures are connected by a valve or valves,the valve or
valves shall be designed for the higher pressure
system requirements of pressure and(temperature. The
lower pressure system shall be désigned in accordance
with (1), (2), or (3) below.

(1) Therequirements ofthe pressure system shall be
met.

(2) Pressure relief devices or safety valves shall be
included to protect theMower pressure system in accor-
dance with NB-731:

(3) Ensure'eompliance with all the conditions of (-a)
through (-e))below.

(-a)}~Redundant check or remote actuated valves
shall be used in series at the interconnection, or a
chec¢k\in series with a remote actuated valve.

(-b) When mechanical or electrical controls are
provided, redundant and diverse controls shall be
installed that will prevent the interconnecting valves
from opening when the pressure in the high pressure
system exceeds the Design Pressure of the lower pressure
system.

(-c) Means shall be provided such that operability
of all components, controls, and interlocks can be verified
by test.

(-d) Means shall be provided to ensure that the
leakage rate of the interconnecting valves does not
exceed the relieving capacity of the relief devices on
the lower pressure system.

(-e) Adequate consideration shall be given to the
control of fluid pressure caused by heating of the fluid
trapped between two valves.

The low pressure system relieving capacity may be deter-
mined in accordance with NB-7311, on the basis of inter-
connecting valve being closed but leaking at a specified
rate, when (-a) through (-e) above are met. The pressure
relief devices or safety valves shall adjoin or be as close as
possible to the interconnecting valve and shall relieve
preferably to a system where the relieved effluent may
be contained. The design of the overpressure protection
system shall be based on pressure transients that are
specified in the Design Specification, and all other appli-
cable requirements of Article NB-7000 shall be met.
(b) When pressure-reducing valves are used and one or
more pressure relief devices or safety valves are provided,
bypass valves may be provided around the
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pressure-reducing valves. The combined relieving capac-
ity of the pressure relief devices, safety valves, and relief
piping shall be such that the lower pressure system service
pressure will notexceed the lower pressure system Design
Pressure by more than 10% if the pressure-reducing valve
fails in the open position and the bypass valve is open at
the same time. If the pressure-reducing valve and its
bypass valve are mechanically or electrically interlocked
so that only one may be open at any time the high pressure
system is at a pressure higher than the Design Pressure of
the low pressure system, then the relieving capacity of the
pressure relief devices, safety valves, and relief piping
shall be at least equal to the maximum capacity of the
larger of the two valves. The interlocks shall be redundant
and diverse.

(c) Exhaust and pump suction lines for any service and
pressure shall have relief valves of a suitable size unless
the lines and attached equipment are designed for the
maximum pressure and temperature to which they
may be accidentally or otherwise subjected.

(d) The effluent from relief devices may be discharged
outside the containment only if provisions are made for
the disposal of the effluent.

(e) Driplines 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
maximum discharge pressure to which it may- be
subjected. Trap discharge piping shall be designed:for
the same pressure as the trap inlet piping unless the
discharge piping is vented to a system operated under
lower pressure and has no intervening stop‘valves.

(f) Blowdown, dump, and drain piping from water
spaces of a steam generation systenmishall be designed
for saturated steam at the pressures and temperatures
given below.

Design Design
Vessel Pressure, Pressure, Temperature,
psi (MPa) psi (MPa) °F (°C)
600 (4) and below 250 (1.7) 410 (210)
601 to 900 (4.01(t0-6) 400 (2.8) 450 (230)
901 to 1,500 (601 to 10) 600 (4.1) 490 (255)
1,501 (10.01) and above 900 (6.2) 535 (280)

These requirements for blowdown, dump, and drain
piping apply to the entire system beyond the blowdown
valves to the blowdown tank or other points where the
pressure is reduced to approximately atmospheric and
cannot be increased by closing a valve. When pressures
can be increased because of calculated pressure drop or
otherwise, this shall be taken into account in the design.
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Such piping shall be designed for the maximum pressure
to which it may be subjected.

(g) Pump discharge piping shall be designed for the
maximum pressure exerted by the pump at any load
and for the highest corresponding temperature actually
existing.

(h) Where a fluid passes through heat exchangers in
series, the design temperature of the piping in each
section of the system shall conform to the most severe
temperature condition expected to be produced by
heat exchangers in that section.

NB-3613 Allowances

NB-3613.1 Corrosion or Erosion. Wiren corrosion or
erosion is expected, the wall thickness of the piping
shall be increased over that required by other design re-
quirements. This allowance shall be consistent with the
specified design life of the/piping.

NB-3613.2 Threading.and Grooving. The calculated
minimum thicknesstof-piping that is to be threaded or
grooved shall be increased by an allowance equal to
the depth of the‘eut.

NB-3613.3. Mechanical Strength. When necessary to
preventdamage, collapse, or buckling of pipe due to super-
impdsed loads from supports or other causes, the wall
thickness of the pipe shall be increased, or, if this isimprac-
tical or would cause excessive local stresses, the super-
imposed loads or other causes shall be reduced or
eliminated by other design methods.

NB-3620 DESIGN CONSIDERATIONS
NB-3621 Design and Service Loadings
The provisions of NB-3110 apply.

NB-3622 Dynamic Effects

NB-3622.1 Impact. Impact forces caused by either
external or internal loads shall be considered in the
piping design.

NB-3622.2 Reversing Dynamic Loads. Reversing
dynamic loads (see Figure NB-3622.2-1) are those
loads that cycle about a mean value and include building
filtered loads and earthquake loads. A reversing dynamic
load shall be treated as a nonreversing dynamic load in
applying the rules of NB-3600 when the number of rever-
sing dynamic load cycles, exclusive of earthquake, exceeds
20.

NB-3622.3 Vibration. Piping shall be arranged and
supported so that vibration will be minimized. The
designer shall be responsible, by design and by observa-
tion under startup or initial service conditions, for
ensuring that vibration of piping systems is within accept-
able levels.
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Figure NB-3622.2-1
Examples of Reversing and Nonreversing Dynamic Loads
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(Relief/Safety Valve Open-End Discharge)
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(b) Reversing Dynamic\Load
(Earthquake Load Cycling About Ngrmal Operating Condition)
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(c) Nonreversing Dynamic Load
(Initial Water Slug Followed by Reflected Waves)

NB-3622.4*“Nonreversing Dynamic Loads. Non-
reversing dynamic loads (see Figure NB-3622.2-1) are
those lpads that do not cycle about a mean value and
include ‘the initial thrust force due to sudden opening
or.closure of valves and waterhammer resulting from
entrapped water in two-phase flow systems. Reflected
waves in a piping system due to flow transients are clas-
sified as nonreversing dynamic loads.
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NB-3623 Weight Effects

Piping systems shall be supported to provide for the
effects of live and dead weights, as defined in the following
subparagraphs, and they shall be arranged or properly
restrained to prevent undue strains on equipment.

NB-3623.1 Live Weight. The live weight shall consist of
the weight of the fluid being handled or of the fluid used for
testing or cleaning, whichever is greater.

NB-3623.2 Dead Weight. The dead weight shall consist
of the weight of the piping, insulation, and other loads
permanently imposed upon the piping.
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NB-3624 Thermal Expansion and Contraction
Loads

NB-3624.1 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.

NB-3624.2 Analysis of Thermal Expansion and
Contraction Effects. The analysis of the effects of
thermal expansion and contraction is covered in NB-3672.

NB-3624.3 Provision for Rapid Temperature Fluctua-
tion Effects. The Designer shall provide for unusual
thermal expansion and contraction loads caused by
rapid temperature fluctuations.

NB-3625 Stress Analysis

A stress analysis shall be prepared in sufficient detail to
show that each of the stress limitations of NB-3640 and
NB-3650 is satisfied when the piping is subjected to the
loadings required to be considered by this subarticle.

NB-3630 PIPING DESIGN AND ANALYSIS
CRITERIA

(a) The design and analysis of piping when subjected to
the individual or combined effects of the loadings defined
inNB-3100and NB-3620 may be performed in accordance
with this subarticle. Design for pressure loading shall<be
performed in accordance with the rules of NB-3640. Stan-
dard piping products that meet the requirementsof ASME
B16.9 or NB-3649 satisfy the requirements of NB-3640,
and only the analysis required by NB-3650 need be
performed.

(b) Within a given piping system, the stress and fatigue
analysis shall be performed in accotdarice with one of the
methods given in NB-3650, NB-3200, or Section IIl Appen-
dices, Mandatory Appendix [IxStress indices are given in
NB-3680 for standard piping products, for some fabri-
cated joints, and for some fabricated piping products.
Some piping products designed for pressure by applying
the rules of NB-3649 may not be listed in NB-3680. For
such products, the designer shall determine the stress
indices as required in NB-3650.

(c) When a'design does not satisfy the requirements of
NB-3640nand NB-3650, the more detailed alternative
analysis given in NB-3200 or the experimental stress
analysis of Section III Appendices, Mandatory Appendix
Il may be used to obtain stress values for comparison
with the criteria of NB-3200.

(d) Therequirements ofthis subarticle shall apply to all
Class 1 piping except as exempted under (1) or (2) below.
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(1) Piping of NPS 1 (DN 25) or less that has been
classified as Class 1 in the Design Specification may be
designed in accordance with the Class 2 design require-
ments of Subsection NCD.

(2) Class 1 piping may be analyzed in accordance
with the Class 2 analysis of piping systems in Subsection
NCD, using the allowable Class 2 stresses and stress limits,
provided the specified service loads for which Level A and
B Service Limits are designated meet all of the require-
ments stipulated in (-a) through (-e) below.

(-a) Atmospheric to Service Pressure Cycle. The
specified number of times (including startup(and shut-
down) that the pressure will be cycled froni atmospheric
pressure to service pressure and bacgkto’ atmospheric
pressure during normal service does not exceed the
number of cycles on the applicable fatigue curve of
Section III Appendices, Mandatory Appendix I corre-
sponding to an S, value of.thfee times the S, value for
the material at service temipérature.

(-b) Normal Service Pressure Fluctuation. The
specified full rangé»ef pressure fluctuations during
normal servicesdoes not exceed the quantity /4 x
Design Pressurex(S,/S,,), where S, is the value obtained
from the applicable design fatigue curve for the total speci-
fied number of significant pressure fluctuations and S, is
the allowable stress intensity for the material at service
temperature. If the total specified number of significant
pressure fluctuations exceeds the maximum number of
cycles defined on the applicable design fatigue curve,
the S, value corresponding to the maximum number of
cycles defined on the curve may be used. Significant pres-
sure fluctuations are those for which the total excursion
exceeds the quantity: Design Pressure x ' x (S/S,,,), where
S is defined as follows:

(-1) If the total specified number of service
cycles is 10° cycles or less, S is the value of S, obtained
from the applicable design fatigue curve for 10° cycles.

(-2) 1If the total specified number of service
cycles exceeds 10° cycles, S is the value of S, obtained
from the applicable design fatigue curve for the
maximum number of cycles defined on the curve.

(-c) Temperature Difference — Startup and Shut-
down. The temperature difference, °F (°C), between
any two points spaced less than 2+/Rt apart, where R
and t are the mean radius and thickness, respectively,
during normal service does not exceed S,/2Ea, where
S, is the value obtained from the applicable design
fatigue curves for the specified number of startup-shut-
down cycles, a is the value of the instantaneous coefficient
of thermal expansion and E is the modulus of elasticity at
the mean value of the temperatures at the two points as
given by Section II, Part D, Subpart 2, Tables TE and TM.

(-d) Temperature Difference — Normal Service.**
The algebraic range of the temperature difference, °F
(°C), between any two points spaced less than 2+/Rt
apart, where R and t are the mean radius and thickness,
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respectively, does not fluctuate during normal service by
more than the quantity S,/2Ea, where S, is the value
obtained from the applicable design fatigue curve of
Section III Appendices, Mandatory Appendix I for the
total specified number of significant temperature differ-
ence fluctuations. A temperature difference fluctuation
shall be considered to be significant if its total algebraic
range exceeds the quantity S/2Ea, where S is defined as
follows:

(-1) If the total specified number of service
cycles is 10° cycles or less, S is the value of S, obtained
from the applicable design fatigue curve for 10° cycles.

(-2) 1If the total specified number of service
cycles exceeds 10° cycles, S is the value of S, obtained
from the applicable design fatigue curve for the
maximum number of cycles defined on the curve.

(-e) Temperature Difference — Dissimilar Mate-
rials. For components fabricated from materials of
differing moduli of elasticity or coefficients of thermal
expansion, the total algebraic range of temperature fluc-
tuation, °F (°C), experienced by the component during
normal service does not exceed the magnitude S,/2
(E1 a1 - E; a3), where S, is the value obtained from
the applicable design fatigue curve for the total specified
number of significant temperature fluctuations, E; and E,
are the moduli of elasticity, and @; and a; are the values of
the instantaneous coefficients of thermal expansion
(Section II, Part D, Subpart 2, Tables TE and TM) at
the mean temperature value involved for the two mates
rials of construction. A temperature fluctuation shall be
considered to be significant if its total excursion-exceeds
the quantity S/2(E; a; - E; a3), where S is defined as
follows.

(-1) If the total specified nwmber of service
cycles is 10° cycles or less, S is the value of S, obtained
from the applicable design fatigue‘elirve for 10° cycles.

(-2) If the total specified number of service
cycles exceeds 10° cycles, S is\the value of S, obtained
from the applicable desigh fatigue curve for the
maximum number of cyeles defined on the curve. If
the two materials used*have different applicable design
fatigue curves, thé \lower value of S, shall be used in
applying the rules of this paragraph.

NB-3640. PRESSURE DESIGN
NB-3641 Straight Pipe

NB-3641.1 Straight Pipe Under Internal Pressure. The
minimum thickness of a pipe wall required for Design
Pressure shall be determined from one of the following
equations:

PD
| (1
Z(Sm + P)’)

t, =
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where

A =

Pd + 2A(S,, + Py)
2(S,, + Py — P)

m:

additional thickness, in. (mm):

(a) to compensate for material removed or wall
thinning due to threading or grooving, required to
make a mechanical joint. The values of A listed in
Table NB-3641.1(a)-1 are minimum values for
material removed in threading.

(b) to provide for mechanical strength of the
pipe. Small diameter, thin wall-pipe or tubing is
susceptible to mechanical damage due to erection,
operation, and maintenance~procedures. Accord-
ingly, appropriate means’ must be employed to
protect such piping.dgainst these types of loads
if they are not considered as Design Loads.
Increased wallthickness is one way of contributing
to resistance-against mechanical damage.

(c) totprovide for corrosion or erosion. Since
corrosion’and erosion vary widely from installa-
tioh.to installation, it is the responsibility of
designers to determine the proper amounts
that must be added for either or both of these
conditions.
outside diameter of the pipe, in. (mm.) (For design
calculations, the specified outside diameter of pipe
disregarding outside tolerances shall be used to
obtain the value of ¢,,.)
inside diameter, in. (mm)
internal Design Pressure, psi (MPa)
maximum allowable stress intensity for the mate-
rial at the Design Temperature taken from Section
I1, Part D, Subpart 1, Tables 2A and 2B, psi (MPa)
the minimum required wall thickness, in. (mm)
[eq. (2) is valid only if d = D, - 2t,,. If pipe is
ordered by its nominal wall thickness, the manu-
facturer’s tolerance on wall thickness must be
taken into account.]

0.4

Table NB-3641.1(a)-1
Values of A

Type of Pipe 4, in. (mm)

Threaded steel and nonferrous pipe:

%, in. (19 mm) nominal and

0.065 (1.65 mm)

smaller

1 in. (25 mm) nominal and

Depth of thread

larger

Grooved steel and nonferrous

pipe

Depth of groove plus %, in.
(0.40 mm)
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The allowable working pressure of pipe may be deter-
mined from the following equation:

25t
D, — 2yt

P (3)

a

where

P, = the calculated maximum allowable internal pres-
sure for a straight pipe that shall at least equal the
Design Pressure, psi (MPa).

(a) P, may be used for piping products with
pressure ratings equal to that of straight pipe
(see ASME B16.9).

(b) For standard flanged joints, the rated pres-
sure shall be used instead of P,.

(c) For reinforced branch connections (see
NB-3643) where part of the required reinforce-
ment is in the run pipe, the Design Pressure
shall be used instead of P,,.

(d) For other piping products where the pres-
sure rating may be less than that of the pipe (for
example, flanged joints designed to Section III
Appendices, Mandatory Appendix XI), the
Design Pressure shall be used instead of P,,.

(e) P, may be rounded out to the next higher
unit of 10 psi (0.1 MPa).
the specified or actual wall thickness minus, as
appropriate, material removed in threading, corro-
sion or erosion allowance, material manufacturing
tolerances, bending allowance (see NB-3642.1),.0t
material to be removed by counterboring, in. (fam).

NB-3641.2 Straight Pipe Under External Pressure. The
rules of NB-3133 shall be used.

NB-3642 Curved Segments of Pipe

NB-3642.1 Pipe Bends. The wall-thickness for pipe
bends shall be determined in thésSame manner as deter-
mined for straight pipe in decordance with NB-3641,
subject to the limitations given in (a), (b), and (c) below.

(a) The wall thickness.after bending shall not be less
than the minimum wall thickness required for straight
pipe.

(b) The infofmation in Section III Appendices, Non-
mandatory (Appendix GG is given to guide the designer
when ordering pipe.

(c)‘For the effects of ovality on stress levels, see
NB-3680.

NB-3642.2 Elbows. Elbows, manufactured in accor-
dance with the standards listed in Table NCA-7100-1
as limited by NB-3612.1, shall be considered as
meeting the requirements of NB-3640, except that the
minimum thickness in the crotch region of short radius
welding elbows in accordance with ASME B16.9 shall
be 20% greater than the minimum thickness required
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for the straight pipe by NB-3641.1, eq. (1). The crotch
region is defined as that portion of the elbow between
¢ = 210 deg and 330 deg, where ¢ is defined in Figure
NB-3685.2-1.

NB-3643 Intersections
NB-3643.1 General Requirements.

(a) The rules contained in this paragraph meet thefe?
quirements of NB-3640 in the vicinity of branch cehnec-
tions.

(b) Openings shall be circular, elliptical, or.of any other
shape that results from the intersection of-a.circular or
elliptical cylinder with a cylindrical shape. Additional
restrictions affecting stress indices are given in NB-3680.

(c) Openings are not limited in size-except to the extent
provided for in connection with{he stress indices listed in
NB-3680.

(d) Anytype of openingpéprmitted in these rules may be
located in a welded joint;

(e) Where interseeting pipes are joined by welding a
branch to a_run pipe as shown in Figure
NB-3643.3(a)-2,“the angle a between axes of the inter-
secting pipes’shall not be less than 60 deg or more
than 120~deg. For angles outside this range, use fittings
as specified in NB-3643.2(a) or NB-3643.2(b).

NB-3643.2 Branch Connections. Branch connections
11 piping may be made by using one of the products or
methods set forth in (a) through (d) below.

(a) Flanged, butt welding, or socket welding fittings
meeting the applicable standards listed in Table
NCA-7100-1, subject to the limitations or requirements
of this Subsection, are acceptable. Fittings that comply
with the test requirements of ASME B16.9 or of
NB-3649 are not required to meet requirements for re-
inforcement given in NB-3643.3.

(b) Welded outlet fittings, cast or forged branches, pipe
adapters, couplings, or similar products with butt welding,
socket welding, or flanged ends are acceptable for attach-
ment to the run pipe when limited to types that have inte-
gral reinforcement and are attached to the main run by
welding per NB-4246. Welded connections per NB-4244
are permitted; however, the stress indices of NB-3683.8
are not applicable to all configurations.

(c) An extruded outlet at right angles to the run pipe is
acceptable.

(d) Branch pipe attached to the run pipe with fillet or
partial penetration welds per NB-3661.3 is acceptable.

NB-3643.3 Reinforcement for Openings.

(a) Nomenclature
(1) The following terms are as shown in
Figure NB-3643.3(a)-1.

d, = outside diameter of the branch pipe
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L; = height of nozzle reinforcement for branch
connections
R,, = mean radius of the run pipe
r; = inside radius of branch pipe
rm, = mean radius of the branch pipe
=r + OSTb
r’, = mean radius of the branch pipe
=r + O.STIb
r, = nominal radius [sketch (c) only]

=r; +05T), + 0.5y cos 6
r, = outside radius of reinforced branch connection
ry, rp,

r3 = designated radii for reinforced branch connec-
tions
T, = nominal thickness of the reinforced branch, not
including corrosion allowance or mill tolerance
T’, = nominal thickness of the branch pipe, not
including corrosion allowance or mill tolerance
T, = corroded finished thickness or extruded outlet
measured at a height of r, above the outside
surface of the run pipe
T, = nominal thickness of the run pipe, not including
corrosion allowance or mill tolerance
y = slope offset distance
6 = angle between vertical and slope, deg

(2) The following terms are as shown on Figure
NB-3643.3(a)-2.

Aq = metal area available for reinforcement
A, = metal area available for reinforcement
Az = metal area available for reinforcement
d = diameterinthe given plane of the finished opening
in its corroded condition
L, = half-width of reinforcement zone{measured along
the midsurface of the run pipe
L’y = half-width of zone in which two-thirds of compen-
sation must be placed
Ly = limit of reinforcement measured normal to run
pipe wall
r = radius of the finished opening in the corroded
condition
T, = nominal thickness of the run pipe, not including
corrosion”allowance or mill tolerance
t, = minimum required thickness of the branch pipe,
not'including corrosion allowance, according to
NB-3641.1
=t, - A
t, = minimum required thickness of the run pipe, not
including corrosion allowance, according to
NB-3641.1
=ty - A
a = angle between axes of branch and run (90 deg

> a 2 60 deg), deg
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(3) The following terms are as shown in Figure
NB-3643.3(a)-3.

D,
h =

outside diameter of the run pipe

height of the extruded lip, equal to or greater than
)

finished thickness of the extruded outlet in the
corroded condition measured at a height.equal
to r, above the outside surface of the main) run
minimum thickness of the run pipe afteréxtrusion
of the opening, not including corrosien allowance
or mill tolerance, in. (mm). Allowance shall be
made for thinning of the run pipé wall by the extru-
sion of the opening, if it ocCurs.

(b) Requirements

(1) Reinforcement shalhbe provided in amount and
distribution so that the requirements for the area of re-
inforcement are satisfied for all planes through the center
of the opening and normal to the surface of the run pipe,
except that openings need not be provided with reinforce-
ment if all of the requirements of (-a), (-b), and (-c) below

are met.
(-a). " A single opening has a diameter not exceeding

0.2,/R,,,I;, or, if there are two or more openings within any
circle of diameter, 2.5,/R,, T,, but the sum of the diameters

of such unreinforced openings shall not exceed 0.25,/R,,,T;.

(-b) Notwo unreinforced openings shall have their
centers closer to each other, measured on the inside wall of
the run pipe, than the sum of their diameters.

(-c) No unreinforced opening shall have its center
closer than 2.5\/R,, T, to the edge of any other locally

stressed area.

(2) The total cross-sectional area of reinforcement A
required in any given plane for a pipe under internal pres-
sure shall not be less than:

A = dt, (2 — sina)

(3) The required reinforcing material shall be
uniformly distributed around the periphery of the
branch except that, in the case of branches not at right
angles, the designer may elect to provide additional rein-
forcement in the area of the crotch.

(c) Limits of Reinforcement. The boundaries of the
cross-sectional area in any plane passing through the
axis of the opening within which metal may be located
to have value as reinforcement are designated as the
limits of reinforcement for that plane, and they are
given in (1) and (2) below.

(1) The limits of reinforcement, measured along the
midsurface of the nominal wall thickness of the run pipe,
L4, shall be at a distance on each side of the axis of the
opening that is equal to the greater of (-a) or (-b) below:

(-a) the diameter of the finished opening in the
corroded condition; or
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Figure NB-3643.3(a)-1
Branch Connection Nomenclature
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Figure NB-3643.3(a)-2
Typical Reinforcement of Openings
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Figure NB-3643.3(a)-3
Typical Reinforced Extruded Outlet
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(-b) the radius of the finished opening in the
corroded condition r, plus the nominal thickness of the
run pipe T, plus the nominal thickness of the branch
wall T,.

(-c) In addition, two-thirds of the required rein-
forcement shall be provided within the greater of the
limit given in (-b) above and the limit L’y that is the
greater of either

r + 05.R,T,

or
r + T, /sina + T,

(2) The limits of reinforcement measured normal to
the wall of the run pipe Ly shall conform to the contour of
the surface of the branch at a distance from each surface
equal to the limits given in (-a) and (-b) below and as
shown in Figure NB-3643.3(a)-1.

(-a) For nozzle types of Figure NB-3643.3(a)-1,
sketches (a), (b), and (d):

0.5 /1, I, + 0.5r)

In
(-b) For Figure NB-3643.3(a)-1, sketch (c):
Ly = 0.5./rT,

(d) Metal Available for Reinforcement

(1) Metal may be counted as contributing to the area
of reinforcement called for in (b) if it lies within the area of;
reinforcement specified in (c), and it shall be limited. to
material that meets the requirements of (-a), (-b)\and
(-c) below:

(-a) metal forming a part of the run wall that is in
excess of that required on the basis of NB3641.1 and is
exclusive of corrosion allowance shown in Figure
NB-3643.3(a)-2;

(-b) similar excess metal in the branch wall, if the
branch is integral with the run wallor is joined to it by a full
penetration weld, as denoted by A; in
Figure NB-3643.3(a)-2;

(-c) weld metalsthat is fully continuous with the
wall of the run pipe, as denoted by area A, in
Figure NB-3643.3(a)-2.

(2) The mean coefficient of thermal expansion of the
metal to bedncluded as reinforcement under (1)(-b) and
(1)(-c) abowe shall be within 15% of the value for the metal
in the wall of the run pipe.

(3) Metal available for reinforcement shall not be
considered as applying to more than one opening.

(4) Metal not fully continuous with the run pipe, as
that in branches attached by partial penetration welds,
shall not be counted as reinforcement.

(e) Strength of Metal. Material used for reinforcement
shall preferably be the same as that of the wall of the run
pipe. If material with a lower design stress intensity S,, is
used, the area provided by such material shall not be
counted at full value but shall be multiplied by the
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ratio (less than unity) of the design stress intensity
values S, of the reinforcement material and of the run
pipe material before being counted as reinforcement.
No reduction in the reinforcement requirement may be
taken for the increased strength of either the branch mate-
rial or weld metal having a higher design stress intensity:
value than that of the material of the run pipe wall. The
strength of the material at the point under consideration
shall be used in the fatigue analysis.

(f) Requirements for Extruded Outlets. Extruded outlets
shall meet all of the requirements of (a) and (b),'and these
rules apply only where the axis of the outlet intersects and
is perpendicular to the axis of the run pipe.

(1) Geometric Requirements

(-a) An extruded outlet, iS one in which the
extruded lip at the outlet-has”a height h above the
surface of the run pipe that'is equal to or greater than
the transition radius between the extruded lip and the
run pipe r,.

(-b) The minimum value of the transition radius r,
shall not be less than 0.05d,, except that on branch pipe
sizes larger,than- 30 in. (750 mm) the transition radius
need not.excéed 1.5 in. (38 mm). The maximum value
of the transition radius r, shall be limited as follows:
for branch pipes nominally NPS 8 (DN 200) and larger,
the dimension of the transition radius shall not exceed
0:10d, + 0.50 in. (13 mm); for branch pipe sizes nominally
less than NPS 8 (DN 200), r, shall not be greater than 1.25
in. (32 mm).

(-¢) When the external contour contains more
than one radius, the radius of any arc sector of approxi-
mately 45 deg shall meet the requirements given in (-b)
above.

(-d) Machining shall not be employed to meet the
requirements of (-b) and (-c) above.

(2) Limits of Reinforcement

(-a) The height of the reinforcement zone shall be

limited as shown in Figure NB-3643.3(a)-3:

0.5./d,T,

In
(-b) The half width of the reinforcement zone shall
be limited as shown in Figure NB-3643.3(a)-3:

LA=d

(3) Metal Available for Reinforcement. The reinforce-
ment area shall be the sum of areas A; + A, + A3 defined in
(-a), (-b), and (-c) below and shown in Figure
NB-3643.3(a)-3. Metal counted as reinforcement shall
not be applied to more than one opening.

(-a) Area A, is the area lying within the reinforce-
ment zone that results from any excess thickness available
in the wall of the branch pipe:

A = 2LN(T', — )
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Figure NB-3644(b)-1
Miter Joint Geometry

0-

1/2 angle between
adjacent miter axes

S = miter spacing at center
line

(-b) Area A, is the area lying within the reinforce-
ment zone that results from excess thickness available in
the lip of the extruded outlet:

A2 = 21’2(’1—;) - T/b)

(-c) Area Aj is the area lying within the reinforce-
ment zone that results from any excess thickness in the
run pipe wall:

A3 = d(T’r - tr>

NB-3644 Miters

Mitered joints may be used in piping systems under the
conditions stipulated in (a) through (d) below.

(a) The minimum thickness of a segment of a_mifer
shall be determined in accordance with NB-3641. The
minimum thickness thus determined does not allow
for the discontinuity stresses that exist at'the junction
between segments. The discontinuity\stresses are
reduced for a given miter as the number of segments
is increased.

(b) The angle 0 in Figure NB¢3644(b)-1 shall not be
more than 22% deg.

(c) The center line distanee S between adjacent miters
shall be in accordance with Figure NB-3644(b)-1.

(d) Stress indices and flexibility factors shall be deter-
mined in accordance with the requirements of
NB-3681(d).

NB-3646. Ctosures

(a)~€losures in piping systems may be made by use of
closure fittings, such as blind flanges or threaded or
welded plugs or caps, either manufactured in accordance
with standards listed in Table NCA-7100-1 and used
within the specified pressure-temperature ratings, or
made in accordance with (b) below.
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(b) Closures not manufactured in accordance with the
standards listed in Table NCA-7100-1 may be made in
accordance with the rules for Class 2 vessels using the
equation:

by, =

t+ A
where

t = pressure design thickness, in. (mm), calculated‘for
the given closure shape and direction of loading
using appropriate equations and procedures for
Class 2 Vessels, except that the symbols used to
determine t shall be defined as

A = sum of mechanical allowances (see

NB-3613), in. (mm)

Design Pressure, psi~(MPa)

applicable design,stress intensity value S,

from SectionA], Part D, Subpart 1, Tables

2A and 2B, psiv(MPa)

minimum required thickness, in. (mm)

P
S

tm

(c) Connections to'closures may be made by welding or
extruding. Connections to the closure shall be in accor-
dance with the\limitations provided for such connections
in NB-3643"and Figures NB-4243-1, NB-4244(a)-1,
NB-4244(b)-1, and NB-4244(c)-1 for branch connections.
If thessize of the opening is greater than one-half the inside
diameter of the closure, the opening should be considered
as a reducer in accordance with NB-3648.

(d) Openings in closures may be reinforced in accor-
dance with the requirements of NB-3643.

(e) Flatheadsthathave anopeningwith a diameter that
does not exceed one-half of the head diameter shall have a
total cross-sectional area of reinforcement not less than
dt/2, where

d
t

the diameter of the finished opening, in. (mm)
the design thickness for the closure, in. (mm)

NB-3647 Pressure Design of Flanged Joints and
Blanks

NB-3647.1 Flanged Joints.

(a) Flangedjoints manufactured inaccordance with the
standards listed in Table NCA-7100-1, as limited by
NB-3612.1, shall be considered as meeting the require-
ments of NB-3640.

(b) Flanged joints not included in Table NCA-7100-1
shall be designed in accordance with Section III Appen-
dices, Mandatory Appendix XI, Article XI-3000, including
the use of the appropriate allowable stress given in Section
I, Part D, Subpart 1, Tables 14, 1B, and 3.

NB-3647.2 Permanent Blanks. The minimum required
thickness of permanent blanks (Figure NB-3647.2-1) shall
be calculated from the following equations:
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Figure NB-3647.2-1
Types of Permanent Blanks

(a)

where

A

~
1

where

d6:

]
I}

ds
(b)

(7

sum of the mechanical' allowances, in. (mm) (see

NB-3613)

pressure desigh*thickness, in. (mm), calculated

from eq. (8)

minimum_yequired thickness, in. (mm)

D=

t =4d i
% 165,

(8)

inside diameter of the gasket for raised or flat face

flanges or the pitch diameter of the gasket for

retained gasketed flanges, in. (mm)
Design Pressure, psi (MPa)

99

dg
(c)

Sm = the design stress intensity value in accordance
with Section I, Part D, Subpart 1, Tables 2A
and 2B, psi (MPa)

NB-3647.3 Temporary Blanks. Blanks to be used for
test purposes only shall have a minimum thickness not
less than the Design Pressure thickness ¢, calculated
from NB-3647.2, eq. (8), except that P shall not be less
than the test pressure and the design stress intensity
value S,, may be taken as 95% of the specified
minimum yield strength of the blank material (Section
I, Part D, Subpart 1, Table Y-1).

NB-3648 Reducers

Reducer fittings manufactured in accordance with the
standards listed in Table NCA-7100-1 shall be considered
suitable for use. Where butt welding reducers are made to
anominal pipe thickness, the reducers shall be considered
suitable for use with pipe of the same nominal thickness.
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NB-3649 Pressure Design of Other Piping Products

Other piping products manufactured in accordance
with the standards listed in Table NCA-7100-1 shall be
considered suitable for use provided the design is consis-
tent with the design philosophy of this Subsection. Piping
products not included in Table NCA-7100-1 may be used if
they satisfy the requirements of NB-3200. The pressure
design shall be based on an analysis consistent with this
Subsection, or experimental stress analysis as described in
Section III Appendices, Mandatory Appendix II, or an
ASME B16.9 type burst test. The bursting pressure in a
B16.9 type burst test shall be equal to or greater than
that of the weakest pipe to be attached to the piping
product, where the burst pressure [psi (MPa)] of the
weakest pipe is calculated by the equation:

P = 28t/D,

where

D, = outside diameter of pipe, in. (mm)
S = specified minimum tensile strength of pipe mate-
rial, psi (MPa)
t = minimum specified wall thickness of pipe, in. (mm)

NB-3649.1 Expansion Joints. Rules are currently
under development for the application of expansion
joints in piping systems. Until these rules are available,
expansion joints shall not be used in piping.

NB-3650 ANALYSIS OF PIPING PRODUCTS

NB-3651 General Requirements

NB-3651.1 Piping Products for Which Stress’ Indices
Are Given. Piping products, for which values of stress
indices B, C, and K are given in NB-3683.2 and that
meet the requirements of NB-3640;satisfy the design
criteria of NB-3611 provided théy~comply with these
rules. To validate a design in.@ccordance with these
rules, itis necessary to performseveral flexibility analyses
in accordance with the requirements of NB-3672 and to
use the moments and forces obtained from these analyses
as required in NB-3650.

NB-3651.2 Piping Products for Which Stress Indices
Are Not Available. For analysis of flanged joints, see
NB-3658. Fer other piping products for which stress
indices are‘not available, see NB-3680.

NB-3651.3 Attachments.

{a) Lugs, brackets, stiffeners, and other attachments
may be welded, bolted, and studded to, or bear upon
the outside or inside of piping. The interaction effects
of attachments on the pressure boundary, producing
thermal gradients, localized bending stresses, stress
concentrations, or restraint of the pressure boundary
shall be considered by the piping designer. Standard
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clamps generally have a negligible effect on the pressure
boundary. However, the effects of clamps on thin-wall
piping may need to be evaluated.

(b) Attachments shall meet the requirements of
NB-3135.

(c) Figure NB-4433-1 shows some typical types of
attachment welds (see NB-4430).

(d) The effect of rectangular and circular cross-section
welded attachments on straight pipes may be evaluated
using the procedures in Section III Appendices, Nonman-
datory Appendix Y.

NB-3651.4 Allowable Design Stress Intensity for
Branch Connections of Different Materials:-'In NB-3652
through NB-3657, S,,, is the allowable deSign stress inten-
sity for the material under consideration. For branch
connections in which the run pipe and branch connection
are different materials, S,,, shall be'taken as the lower of the
two material allowable design stress intensity values for
the evaluation of the branch connection.

NB-3652 Consideration of Design Conditions

The primary\Stress intensity limit is satisfied if the
requirement of eq. (9) is met:
PD,
B—2 + B
2t

D
22—;M,- < 1S, ©)

Wwhere
Bi, B, = primary stress indices for the specific product
under investigation (see NB-3680)
outside diameter of pipe, in. (mm) (see
NB-3683)
moment of inertia, in.* (mm*) (see NB-3683)
resultant moment due to a combination of
Design Mechanical Loads, in.-lb (N-mm). All
Design Mechanical Loads, and combinations
thereof shall be provided in the Design Spec-
ification. The rules of NB-3683.1(d) shall be
followed. In the combination of loads, all direc-
tional moment components in the same direc-
tion shall be combined before determining the
resultant moment (i.e., resultant moments
from different load sets shall not be used in
calculating the moment M;). If the method of
analysis for earthquake or other dynamic
loads is such that only magnitudes without
relative algebraic signs are obtained, the
most conservative combination shall be
assumed.
Design Pressure, psi (MPa)
allowable design stress intensity value at
Design Temperature, psi (MPa) (Section II,
Part D, Subpart 1, Tables 2A and 2B)
nominal wall thickness of product, in. (mm)
(see NB-3683)
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NB-3653 Consideration of Level A Service Limits

All load sets, for which Level A Service Limits are to be
evaluated, shall satisfy the fatigue requirements of
NB-3653.1 through NB-3653.6 and the thermal stress
ratchet requirement of NB-3653.7. Stresses due to the
effects of thermal stratification may be evaluated using
Section I Appendices, Nonmandatory Appendix J].

NB-3653.1 Satisfaction of Primary Plus Secondary
Stress Intensity Range.

(a) This calculation is based upon the effect of changes
that occur in mechanical or thermal loadings that take
place as the system goes from one load set, such as pres-
sure, temperature, moment, and force loading, to any
other load set that follows it in time. It is the range of
pressure, temperature, and moment between two load
sets that is to be used in the calculations. For example,
one of the load sets to be included is that corresponding
to zero pressure, zero moment, and room temperature.
Equation (10) shall be satisfied for all pairs of load sets:

5D,
2t
X la,T, — apTyl < 3S,

D,
Sn Cl + C22—;Ml‘ + C3Eab

(10)

(b) If for one or more pairs of load sets (a), eq. (10) is
not met, the piping product may still be satisfactory,
provided that the conditions of NB-3653.6 are met or
provided that the requirements of NB-3200 are satisfieds

(c) The nomenclature used in (a), eq. (10) is defined as
follows:

Cy, Gy,
C3 = secondary stress indices fog~the specific
componentunder investigation (see NB-3680)
D,, t I = as defined for NB-3652,.6q.)(9)
d,(dy) = inside diameter on side ‘a(b) of a gross struc-
tural discontinuity,ofymaterial discontinuity,
in. (mm)

E,, = average modulus.of elasticity of the two sides
of a gross structural discontinuity or material
discontinuity at room temperature, psi (MPa)
(SectionaIl, Part D, Subpart 2, Tables TM)

M; = resultant range of moment that occurs when

the-system goes from one service load set to
another, in.-lb (N-mm). Service loads and
combinations thereof shall be provided in
the Design Specification. The rules of
NB-3683.1(d) shall be followed. In the combi-
nation of moments from load sets, all direc-
tional moment components in the same
direction shall be combined before deter-
mining the resultant moment (i.e., resultant
moments from different load sets shall not
be used in calculating the moment range
M,). If both service load sets have the same
weight effects, then the weight effects need
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not be considered in determining the loading
range. If the method of analysis is such that
only magnitudes without relative algebraic
signs are obtained, the most conservative
combination shall be assumed. If a combina-
tion includes reversing dynamic loads, M;
shall be either:

(a) the resultant range of moment due to
the combination of all loads considering
one-half the range of the reversing‘dynamic
loads; or

(b) the resultant range of ioment due to
the full range of the reversing dynamic loads
alone, whichever is greater.
range of service pressure, psi (MPa)
average of the allowable stress intensity value
for the highestand the lowest temperatures of
the metal, daring the transient, when
secondary:stréess is due to a temperature tran-
sient at.the point at which the stresses are
beingranalyzed, or due to restraint of free-
end~deflection. When part or all of the
secondary stress is due to mechanical load,
S, shall not exceed the allowable stress inten-
sity value at the highest temperature during
the transient.
range of average temperature on side a(b) of
gross structural discontinuity or material
discontinuity, °F (°C). For generally cylindrical
shapes, the averaging of T (see NB-3653.2)
d,t, for T, and

over a distance of ,/dyt;, for T
average wall thickness through the length

@(M), in. (mm). A trial and error solu-
tion for t, and t, may be necessary.

coefficient of thermal expansion on side a(b) of
a gross structural discontinuity or material
discontinuity, at room temperature, 1/°F
(1/°C) (SectionII, Part D, Subpart 2, Tables TE)

Ta[ Tb] =

shall be over a distance of

ta(tb] =

Aq (ab) =

NB-3653.2 Satisfaction of Peak Stress Intensity
Range.

(a) For every pair of load sets (see NB-3653.1), calcu-
late S, values using eq. (11):

D,

D, D,
Sp = I<1C12_t + 1<2C2§Mi
1
+ ——KEa |AT| + KiC (11)
2(1 _ V) 3E(I| 1| 3 3Eab
1
X o, T, — Tyl + Ea |AT|

v
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NOTE: This simplified analysis is intended to provide a value of
S, that conservatively estimates the sum of (P, or
P) + P, + P, + Q + Fas required in Section III Appendices, Man-
datory Appendix XIII, Figure XIII-2100-1.

The nomenclature used in eq. (11) is defined as follows:

Ea = modulus of elasticity, E, times the mean
coefficient of thermal expansion, a, both
at room temperature, psi/°F (MPa/°C)
local stress indices for the specific compo-
nent under investigation (see NB-3680)
absolute value of the range of the tempera-
ture difference between the temperature of
the outside surface T, and the temperature
ofthe inside surface T;of the piping product
assuming moment generating equivalent
linear temperature distribution, °F (°C)
absolute value of the range for that portion
of the nonlinear thermal gradient through
the wall thickness not included in AT, as
shown below, °F (°C)

K].’ KZ/ K3

|AT]

|ATS|

For a quantitative definition of |AT;| and |AT5;|, see (b)
below. All other terms are as defined for NB-3653.1(a), eq.
(10).

(b) Quantitative Definitions of |AT;| and |AT,|. The
following nomenclature is used:

T; = value of T(y) at inside surface, °F (°C)
= T(-t/2)

Ti(y), Tx(y) = temperature, as a function of radial posi-
tion, for load set j and load set k, respeéc-
tively, °F (°C)

T, = value of T(y) at outside surface;”°F (°C)
= T(t/2)
T(y) = temperature distribution range from
condition j to conditioh k, °F (°C)
= Ty) - T,)
t = thickness of thé’wall of the pipe or
element, in. (mm)
y = radial position in the wall, measured posi-

tive outward from the midthickness posi-
tion (3t/2 < y < t/2), in. (mm)

Then the temperature distribution range T(y) may be
thought of as being composed of three parts:
(1) a.comstant value:

r=am [ 0

that is the average value through the thickness. T may be
used in determining free thermal expansions. Also, the
values of T determined (for the same pair of load sets)
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or two locations a and b on either side of a gross discon-
tinuity may be used for T, and T, in NB-3653.1(a), eq. (10),
and NB-3653.2(a), eq. (11).

(2) alinear portion, with zero average value, having
variation given by:

V= (12/t2) /: tf/zzyT(y)dy

(3) anonlinear portion with a zero average value and
azero firstmomentwith respect to the mid-thickness:This
decomposition of T(y) into three parts is illustrated in
Figure NB-3653.2(b)-1. The value of AT; te’be used in
(a), eq. (11) is the variation V of the linear-portion:

ATy = V

The value of AT, to be used in (3), €q. (11) is as follows:
AT, = max.

1 1
(it - 71 - P&% 1% - 11 - Lia, o)

NB-3653.3 ‘Alternating Stress Intensity. The alter-
nating stress intensity S, is equal to one-half the
value™of S, (Sait = S, /2) calculated in
NB-3653.2(a), eq. (11).

NB-3653.4 Use of Design Fatigue Curve. Enter the ap-
plicable design fatigue curve, Section Il Appendices, Man-
datory Appendix I, on the ordinate using S, = S,, and find
the corresponding number of cycles on the abscissa. If the
service cycle being considered is the only one that
produces significant fluctuating stresses, this is the allow-
able number of cycles.

NB-3653.5 Cumulative Damage. The cumulative
damage shall be evaluated in accordance with Section
III Appendices, Mandatory Appendix XIII, XIII-3520(e).
If N; is greater than the maximum number of cycles
defined on the applicable design fatigue curve, the
value of n;/N; may be taken as zero.

NB-3653.6 Simplified Elastic-Plastic Discontinuity
Analysis. If NB-3653.1(a), eq. (10) cannot be satisfied
for all pairs of load sets, the alternative analysis described
below may still permit qualifying the component under
NB-3650. Only those pairs of load sets that do not
satisfy NB-3653.1(a), eq. (10) need be considered.

(a) Equation (12) shall be met:

D %
= C22—‘IJMi < 38,

S (12)

(4
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Figure NB-3653.2(b)-1
Decomposition of Temperature Distribution Range

Outside < To >
surface\\ y [—— T ———-01 l-—— T ————.{ —-I }.—V/?
t/2 —L- ————————
Midthickness _ _ -~ ’ T_“‘“—‘—‘ - =1 —"1* + Ve
line t/2
Inside i L_____ T; __.l v /2
surface v
where where
M;* = same as defined in NB-3653.1 for the pair of load K., = 1.0 for S, < 3§,
sets under review except it includes only
. (r=mn) [ S,
moments due to thermal expansion and =10+ — 1| for
nim=1) | 3S,,

thermal anchor movements, in.-lb (N-mm)
nominal value of expansion stress, psi (MPa)
the average of the tabulated S,, values for the
highest and the lowest temperatures of the
metal during the transient

All other variables as defined in NB-3653.1.

(b) The primary plus secondary membrane plus
bending stress intensity, excluding thermal bending
and thermal expansion stresses, shall be < 35,4 This
requirement is satisfied by meeting eq. (13) below?

P D,M;
Cl%io + C2—02]IVII

Se
Sm

+ C/3Eub (13)

X la, T, — apTyl < 3S,
where

values in Table NB-3681(a)-1

same as defined inNB-3653.1 for the pair of load
sets under review except it excludes the moments
due to thermal 'expansion and thermal anchor
movements,\in.-lb (N-mm)

S, = as definéd in NB-3653.1

All other vdriables as defined in NB-3653.1.
(c) Ifthese conditions are met, the value of S,;; shall be
calculated by eq. (14):

S

Sat = Ke?p (14
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38¢)-<"S, < 3mS,,

1/n for S, = 3mS,,

m, .n = material parameters given in Section III Appen-
dices, Mandatory Appendix XIII, Table XIII-3450-
1
Saie = alternating stress intensity, psi (MPa)
S, = primary plus secondary stress intensity value
calculated in NB-3653.1(a), eq. (10), psi (MPa)
S, = peak stress intensity value calculated by

NB-3653.2(a), eq. (11), psi (MPa)

S.: for all load sets shall be calculated in accordance with
NB-3653.3 or eq. (14). Using the alternating stress inten-
sity values calculated by the above procedures, determine
the cumulative usage factor in accordance with NB-3653.4
and NB-3653.5. The cumulative usage factor shall not
exceed 1.0.

NB-3653.7 Thermal Stress Ratchet. For all pairs of
load sets, the value of the range of AT; cannot exceed
that calculated as follows:

y/Sy
AT, range < C
L1108 = 07 Ea
where
C, = 1.1 for ferritic material

1.3 for austenitic material

E a = as defined for NB-3653.2(a), eq. (11), psi/°F
(MPa/°C)
P = maximum pressure for the set of conditions under

consideration, psi (MPa)
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S, = yield strength value, psi (MPa), taken at average
fluid temperature of the transient under consid-
eration

x = (PD,/20) (1/S))
1 for 0 < x < 05
X

Y =141 = x) for 0.5 < x < 1.0

NB-3654 Consideration of Level B Service Limits

The procedures for analyzing Service Loadings for
which Level B Service Limits are designated, are the
same as those given in NB-3653 for Level A Service
Limits. All load sets, including Level A and Level B
Service Loadings, shall satisfy the fatigue requirements
of NB-3653.1 through NB-3653.6 and the thermal
stress ratchet requirement of NB-3653.7.

NB-3654.1 Permissible Pressure. For Level B Service
Limits [NCA-2142.4(b)(2)], the permissible pressure shall
not exceed the pressure P,, calculated in accordance with
NB-3641.1, eq. (3) by more than 10%. The calculation of P,
shall be based on the allowable stress intensity for the
material at the coincident temperature.

NB-3654.2 Analysis of Piping Components. For
Service Loadings for which Level B Service Limits are
designated, the requirements of (a) or (b) below shall
apply.

(a) For Service Loadings for which Level B Service
Limits are designated that do not include reversing
dynamic loads (see NB-3622.2) or have neversing
dynamic loads combined with nonreversing dynamic
loads (see NB-3622.4), the conditions,of NB-3652, eq.
(9) shall be met using Service Level B eoificident pressure
P and moments M; that result in the.maximum calculated
stress. The allowable stress to be used for this condition is
1.8S,,, but not greater than 1,5S;.

Sm = allowable desigf’stress intensity value at a
temperature consistent with the loading under
consideration,/psi (MPa)

S, = material yield strength ata temperature consistent

with the lToading under consideration, psi (MPa)

(b) For Service Loadings for which Level B Service
Limitssare designated that include reversing dynamic
loads_that are not required to be combined with nonre-
versing dynamic loads, the requirements of NB-3653 for
Level A Service Limits shall be met. In addition, any deflec-
tion limits prescribed by the Design Specification must be
satisfied.
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NB-3655 Consideration of Level C Service Limits

NB-3655.1 Permissible Pressure. When Level C
Service Limits [NCA-2142.4(b)(3) and NB-3113(b)] are
specified, the permissible pressure shall not exceed the
pressure P, calculated in accordance with NB-3641.1,
eq. (3) by more than 50%. The calculation of P, shall
be based on the allowable stress intensity for the material
at the coincident temperature.

NB-3655.2 Analysis of Piping Components. \For
Service Loadings for which Level C Service\Limits
[NCA-2142.4(b)(3) and NB-3113(b)] are designated,
the following requirements shall apply.

(a) For Service Loadings for which:Level C Service
Limits are designated except ag permitted by (b)
below, the conditions of NB-3652)€q. (9) shall be met
using Service Level C coincident pressure P and
moments M; that result in the maximum calculated
stress. The allowable stress\to be used for this condition
is 2.255,, but not greater than 1.8S,. In addition, if the
effects of anchor mation, My, from reversing dynamic
loads are not considered in NB-3654, then the require-
ments of NB-3656(b)(4) shall be satisfied using 70%
of the allowable stress given in NB-3656(b)(4).

Sn = allowable design stress intensity value at a
temperature consistent with the loading under
consideration, psi (MPa)

S, = material yield strength ata temperature consistent

with the loading under consideration, psi (MPa)

(b) As an alternative to (a), for Service Loadings for
which Level C Service Limits are designated, which
include reversing dynamic loads (see NB-3622.2) that
are not required to be combined with nonreversing
dynamic loads (see NB-3622.2), the requirements of
NB-3656(b) shall be satisfied using the allowable
stress in NB-3656(b)(2), 70% of the allowable stress
in NB-3656(b)(3), and 70% of the allowable loads in
NB-3656(b)(4).

NB-3655.3 Deformation Limits. Any deformation or
deflection limits prescribed by the Design Specifications
shall be considered with respect to Level C Service Limits.

NB-3656 Consideration of Level D Service Limits

If the Design Specifications specify any Service Loading
for which Level D Limits are designated [NCA-2142.2(b)
(4)], the following requirements shall apply.

(a) For Service Loadings for which Level D Service
Limits are designated except as permitted by (b)
below, the requirements of (1), (2), and (3) below
shall apply.

(1) The permissible pressure shall not exceed 2.0
times the pressure P, calculated in accordance with
NB-3641.1, eq. (3). The calculation of P, shall be based
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on the allowable stress intensity for the material at the
coincident temperature.

(2) The conditions of NB-3652, eq. (9) shall be met
using Service Level D coincident pressure P and moment
M;, which results in the maximum calculated stress. The
allowable stress to be used for this condition is 3.0S,,, but
not greater than 2.0S,,.

Sm = allowable design stress intensity value at a
temperature consistent with the loading under
consideration, psi (MPa)

S, = material yield strength ata temperature consistent

with the loading under consideration, psi (MPa)

(3) If the effects of anchor motion, M4y, from rever-
sing dynamic loads are not considered in NB-3654, then
the requirements of (b)(4) shall be satisfied.

(b) As an alternative to (a), for piping fabricated from
material designated P-No. 1 through P-No. 9 in Section II,
Part D, Subpart 1, Table 2A and limited to Dy/t, < 40 if
Level D Service Limits are designated that include rever-
sing dynamic loads (see NB-3622.2) that are not required
to be combined with nonreversing dynamic loads (see
NB-3622.4), the requirements of (1) through (5) below
shall apply.

(1) The pressure occurring coincident with the
earthquake or other reversing type loading, Pg, shall
not exceed the Design Pressure.

(2) The sustained stress due to weight loading shall
not exceed the following:

B &M < 0SS
2 oI w ]

where
My, = resultant moment due toweight effects, in.-1b
(N'mm) (see NB-3623)
Sm = allowable design stfess intensity value at a

temperature consistént with the loading under
consideration, psi(MPa)

(3) The stress.due to weight and inertial loading due
to reversing dynamicloads in combination with the Level

D coincident pressure shall not exceed the following:
PgD, D,
it“ + By My < 38,

B <
1 21

where

B,” = B, from Table NB-3681(a)-1, except as follows:
B,’ = 1.33 for girth butt welds between items
that do not have nominally identical wall

thicknesses [see NB-3683.4(b)]

= 0.87/hz/3 for curved pipe or butt-welding
elbows (h as defined in NB-3683.7), but
not less than 1.0
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0.27(R,n/T)*® and

0.33(R,n/T,)?’* for ASME B16.9 or MSS

SP-87 butt-welding tees (terms as

defined in NB-3683), but neither less

than 1.0

Mg = the amplitude of the resultant moment due to
weight and the inertial loading resulting from
reversing dynamic loads, in.-lb (N-mm). In ‘the
combination of loads, all directional moment
components in the same direction shall be
combined before determining the resultant
moment. If the method of analysi$is such that
only magnitude without algebraic signs is
obtained, the most conservative combination
shall be assumed.

4
Bap

4
BZr

P = the pressure occurring coincident with the rever-
sing dynamic load,‘psi (MPa)
Sn = allowable design.stress intensity value at a

temperature ‘€onsistent with the loading under
consideration, psi (MPa)

(4) The range of the resultant moment M,;, and the
amplitude of‘the longitudinal force F4y resulting from the
anchor metions due to earthquake and other reversing
type dynamic loading shall not exceed the following:

el s,
B s,

where

Ay = cross-sectional area of metal in the piping compo-

nent wall, in.? (mm?)

allowable design stress intensity value at a
temperature consistent with the loading under
consideration, psi (MPa)

(5) Theuseofthe 6S,,limitin (4) assumes essentially
linear behavior of the entire piping system. This assump-
tion is sufficiently accurate for systems where plastic
straining occurs at many points or over relatively wide
regions, but fails to reflect the actual strain distribution
in unbalanced systems where only a small portion of the
piping undergoes plastic strain. In these cases, the weaker
or higher stressed portions will be subjected to strain
concentrations due to elastic follow-up of the stiffer or
lower stressed portions. Unbalance can be produced

(-a) by the use of small pipe runs in series with
larger or stiffer pipe, with the small lines relatively
highly stressed.

(-b) by local reduction in size or cross section, or
local use of a weaker material.

In the case of unbalanced systems, the design shall be
modified to eliminate the unbalance or the piping shall be
qualified to the equations given in (4) with allowable 6S,,
replaced by 3S,,.
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(6) Piping displacements shall satisfy Design Speci-
fication limitations.

(c) As an alternative to (a) and (b), the rules contained
in Section III Appendices, Mandatory Appendix XIII, XIII-
3144(a) and XI11-3144(b) or Section III Appendices, Man-
datory Appendix XXVII may be used in evaluating these
service loadings independently of all other Design and
Service Loadings. When using Section III Appendices,
Mandatory Appendix XXVII, the exclusion of XXVII-
1300 shall not apply to anchor motion effects and the
secondary stresses resulting from anchor motion
effects shall be considered if either of the following
applies:

(1) The loads under consideration are reversing
dynamic loads in combination with nonreversing
dynamic loads and the anchor motion effects were not
considered in NB-3654.

(2) The loads under consideration are reversing
dynamic loads not in combination with nonreversing
dynamic loads.

NB-3657 Test Loadings

The evaluation of Test Loadings shall be carried out in
accordance with Section III Appendices, Mandatory
Appendix XIII, XIII-3600.

NB-3658 Analysis of Flanged Joints

The pressure design of flanged joints is covered by
NB-3647.1. Flanged joints subjected to combinations of
moment and pressure shall meet the requirementstof
this paragraph. In addition, the pipe-to-flange welds
shall meet the requirements of NB-3652 through
NB-3656 using appropriate stress indices,frem Table
NB-3681(a)-1. Flanged joints using flanges; bolting, and
gaskets as specified in ASME B16.5 and dsing a bolt mate-
rial having an S, value at 100°F (38°C)\not less than 20.0
ksi (138 MPa) may be analyzed incaécordance with the
following rules or in accordande)with NB-3200. Other
flanged joints shall be analyzed in accordance with
NB-3200.

NB-3658.1 Design Limits, Level A and B Service Limits.

(a) The pressure shall not exceed the rated pressure for
Level A Service Limits or 1.1 times the rated pressure for
Level B Seryice Limits.

(b) The bolting shall meet the requirements of Section
III Appendices, Mandatory Appendix XIII, XIII-4200. In
addition, the limitations given by eqgs. (15) and (16)
shall be met:

(U.S. Customary Units)

(15)

Mg < 3,125 (8,/36,000) C4
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(SI Units)
Mg < 217 (8,/250) Cay
where
A, = total cross-sectional area of bolts at root of thread

or section of least diameter under stress, in.?
(mm?)

diameter of bolt circle, in. (mm)

bending or torsional moment (considered‘sepa-
rately) applied to the joint due.toyweight,
thermal expansion of the piping,-sustained
anchor movements, relief valviessteady-state
thrust, and other sustained méechanical loads
applied to the flanged joint-during the design
or service conditions{in.-lb. (N-mm). If cold
springing is used, the¢moment may be reduced
to the extent permifted by NB-3672.8.

yield strength“of flange material at Design
Temperature(Section II, Part D, Subpart 1,
Table Y;1),\psi (MPa). The value of S,/36,000
(S,/250)¢shall not be taken as greater than unity.

Sy

(U.S. Custemary Units)

My < 6250 (sy/sé,ooo) CAy (16)

(SI Units)
My < 434(5,/250) ca,

where

My; = bending or torsional moment (considered sepa-
rately) as defined for Mg, but including dynamic
loadings, in.-lb (N-mm)

NB-3658.2 Level C Service Limits.

(a) The pressure shall not exceed 1.5 times the rated
pressure.
(b) The limitation given by eq. (17) shall be met:

(U.S. Customary Units)

<

My < [11,250Ah —(n /16)Df2Pfd]C(Sy/36,OOO) 17)

(SI Units)

My < [78.1Ab _ (n/16)Df2Pfd]C<Sy/250)

outside diameter of raised face, in. (mm)
pressure concurrent with Mg, psi (MPa)
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My, C, S,, the limitation on S, /36,000 (S, /250), and 4, are
defined in NB-3658.1(b).

NB-3658.3 Level D Service Limits.

(a) The pressure shall not exceed 2.0 times the rated
pressure.

(b) Thelimitation given by NB-3658.2(b), eq. (17) shall
be met, where Pr; and My, are pressures, psi (MPa), and
moments, in.-lb (N-mm), occurring concurrently.

NB-3658.4 Test Loadings. Analysis for Test Loadings
is not required.

NB-3660 DESIGN OF WELDS
NB-3661 Welded Joints

NB-3661.1 General Requirements. Welded joints shall
be made in accordance with NB-4200.

NB-3661.2 Socket Welds.

(a) Socket welded piping joints shall be limited to pipe
sizes of NPS 2 (DN 50) and less.

(b) Socketwelds shall comply with the requirements of
NB-4427. Socket welds shall not be used where the exis-
tence of crevices could accelerate corrosion.

NB-3661.3 Fillet Welds and Partial Penetration Welds
for Branch Connections. Fillet welds and partial penetra-
tion welds are allowed for branch connections provided
the following requirements of (a) and (b) are met:

(a) Theratio ofthe run pipe NPS to the branch NPS;shall
not be less than 10; the branch shall not be largerthan NPS
2; and, all reinforcement for the opening, required by
NB-3643.3 shall be provided in the wall ofthe run pipe.

(b) The welds are fillet or groove welds as shown in
Figure NB-4246(b)-1. These welds shall allow for exam-
ination in accordance with NB-5245.

NB-3670 SPECIAL PIPING REQUIREMENTS

NB-3671 Selection and._Limitation of Nonwelded
Piping Joints

The type of piping joint used shall be suitable for the
Design Loadings'and shall be selected with consideration
of joint tightness, mechanical strength, and the nature of
the fluid-handled. Piping joints shall conform to the re-
quirements of this Subsection with leak tightness being
a consideration in selection and design of joints for
piping systems to satisfy the requirements of the
Design Specifications.

NB-3671.1 Flanged Joints. Flanged joints are
permitted.

NB-3671.2 Expanded Joints. Expanded joints shall not
be used.
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NB-3671.3 Threaded Joints. Threaded joints in which
the threads provide the only seal shall not be used. If a seal
weld is employed as the sealing medium, the stress
analysis of the joint must include the stresses in the
weld resulting from the relative deflections of the
mated parts.

NB-3671.4 Flared, Flareless, and Compression Joints:
Flared, flareless, and compression type tubing fittingsmay
be used for tubing sizes not exceeding 1 in. 0.D; (25 mm)
within the limitations of applicable standards\and speci-
fications listed in Table NCA-7100-1 and requirements (b)
and (c) below. In the absence of such standards or speci-
fications, the Designer shall determine-that the type of
fitting selected is adequate and safe’for the Design Load-
ings in accordance with the requirements of (a), (b), and
(c) below.

(a) The pressure desigfyshall meet the requirements of
NB-3649.

(b) Fittings and ¢heir joints shall be suitable for the
tubing with whichthey are to be used in accordance
with the minimium wall thickness of the tubing and
method of.assembly recommended by the manufacturer.

(c) Fittings shall not be used in services that exceed the
manufacturer’s maximum pressure-temperature recom-
mendations.

NB-3671.5 Caulked Joints. Caulked or leaded joints
shall not be used.

NB-3671.6 Brazed and Soldered Joints.

(a) Brazed Joints
(1) Brazed joints of a maximum nominal pipe size of
1 in. (DN 25) may be used only at dead end instrument
connections and in special applications where space and
geometry conditions prevent the use of joints permitted
under NB-3661.2, NB-3661.3, and NB-3671.4. The depth
of socket shall be at least equal to that required for socket
welding fittings and shall be of sufficient depth to develop
a rupture strength equal to that of the pipe at Design
Temperature (see NB-4500).
(2) Brazed joints that depend upon a fillet rather
than a capillary type filler addition are not acceptable.
(3) Brazed joints shall not be used in systems
containing flammable fluids or in areas where fire
hazards are involved.
(b) Soldered Joints. Soldered joints shall not be used.

NB-3671.7 Sleeve Coupled and Other Patented Joints.
Mechanical joints, for which no standards exist, and other
patented joints may be used provided the requirements of
(a), (b), and (c) below are met.

(a) Provision is made to prevent separation of the
joints under all Service Loadings.

(b) They are accessible for maintenance, removal, and
replacement after service.

(c) Either of the following two criteria are met.
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(1) A prototype joint has been subjected to perfor-
mance tests to determine the safety of the joint under
simulated service conditions. When vibration, fatigue,
cyclic conditions, low temperature, thermal expansion,
or hydraulic shock is anticipated, the applicable condi-
tions shall be incorporated in the tests. The mechanical
joints shall be sufficiently leak tight to satisfy the require-
ments of the Design Specifications.

(2) Joints are designed in accordance with the rules
of NB-3200.

NB-3672 Expansion and Flexibility

(a) In addition to meeting the design requirements for
pressure, weight, and other loadings, piping systems shall
be designed to absorb or resist thermal expansion or
contraction or similar movements imposed by other
sources and shall meet the criteria for allowable stress
intensity as specified in NB-3611. Piping 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.

(b) The effects of stresses, caused by pressure, thermal
expansion, and other loads and their stress intensification
factors, shall be considered cumulatively.

NB-3672.1 Properties. Thermal expansion data and
moduli of elasticity shall be determined from Section
II, Part D, Subpart 2, Tables TE and TM, whichgeover
more commonly used piping materials. For nxaterials
not included in these tables, reference shall be te’author-
itative source data, such as publications ¢f\the National
Institute of Standards and Technology:

NB-3672.2 Unit Thermal Expansion Range. The unit
thermal expansion range in in./200 ft (mm/m), used in
calculating the expansion range, shall be determined
from Section II, Part D, Subpart 2, Tables TE as the alge-
braic difference between.the unit expansion shown for the
highest metal temperature and that for the lowest metal
temperature resulting from service or shutdown condi-
tions.

NB-3672:3 Moduli of Elasticity. The moduli of elasti-
city for ferrous and nonferrous materials shall be as given
in Section II, Part D, Subpart 2, Tables TM.

NB-3672.4 Poisson’s Ratio. When required for flex-
ibility calculations, Poisson’s ratio shall be taken as 0.3
for all metals at all temperatures.

NB-3672.5 Stresses. Flexibility calculations of the
moments and forces in the piping system due to
thermal expansion and end motions shall be based on
the hot modulus E,. Calculations for the expansion
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stresses shall be based on the least cross-sectional
area of the pipe or fitting, using nominal dimensions.
The expansion stress computed from the forces and
moments shall be multiplied by the ratio E./Ej, where
E. is the modulus of elasticity at room temperature.
The effect of expansion stresses in combination with
stresses from other causes shall be evaluated in accor-
dance with NB-3611 or NB-3630.

NB-3672.6 Method of Analysis. All systems shall‘be
analyzed for adequate flexibility by a rigorous structural
analysis unless they can be judged technically adéquate by
an engineering comparison with previously-analyzed
systems.

NB-3672.7 Basic Assumptions and,Requirements.

(a) When calculating the flexibility of a piping system
between anchor points, the system between the anchor
points shall be treated as\d whole. The significance of
all parts of the line and.6f-all restraints, such as supports
or guides, including:intermediate restraints introduced
for the purpose of reducing moments and forces on equip-
ment or small branch lines, shall be considered.

(b) Comprehensive calculations shall take into account
the flexibility factors and stress indices found to exist in
piping products other than straight pipe. Credit may be
taken_where extra flexibility exists in the piping
system. Flexibility factors and stress indices are given
in" NB-3680.

(c) The total expansion range shall be used in all calcu-
lations whether or not the piping is cold sprung. Not only
the expansion of the line itself, but also linear and angular
movements of the equipment and supports to which it is
attached, shall be considered.

(d) Where assumptions are used in calculations or
model tests, the likelihood of underestimates of forces,
moments, and stresses, including the effects of stress
intensification, shall be evaluated.

NB-3672.8 Cold Springing. Cold springing provides a
beneficial effect in assisting a system to attain its most
favorable position sooner. The effect of cold springing
shall be analyzed as any other movement in the
system is analyzed. The maximum stress allowed due
to cold springing is 2.0S,, at the cold spring temperature.
Since the usual erection procedures may not permit accu-
rate determination of cold spring in a piping system, the
allowable reduction of forces and moments at anchors or
equipment caused by cold springing shall be limited to no
more than two-thirds of the calculated reduction.

NB-3674 Design of Pipe Supports

Pipe supports shall be designed in accordance with the
requirements of Subsection NF.
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NB-3677 Pressure Relief Piping

NB-3677.1 General Requirements. Pressure relief
piping within the scope of this Subsection shall be
supported to sustain reaction forces and shall conform
to the requirements of the following subparagraphs.

NB-3677.2 Piping to Pressure-Relieving Safety
Devices.

(a) Piping that connects a pressure-relieving safety
device to a piping system shall comply with all the require-
ments of the class of piping of the system that it is desig-
nated to relieve.

(b) There shall be no intervening stop valves between
systems being protected and their protective device or
devices except as provided for in NB-7142.

NB-3677.3 Discharge Piping From Pressure-Relieving
Safety Devices.

(a) Discharge piping from pressure-relieving safety
devices shall comply with the requirements applicable
to the conditions under which it operates.

(b) There shall be no intervening stop valve between
the protective device or devices and the point of discharge
except as provided for in NB-7142.

(c) The effluent from relief devices may be discharged
outside the containment only if adequate provisions are
made for the safe disposal of the effluent. It shall not
impinge on other piping or structure or equipment
and shall be directed away from platforms and ether
areas that might be used by personnel.

(d) It is recommended that individual discharge lines
be used. For requirements on discharge‘piping, see
NB-7141(f).

(e) When the umbrella or drip pan type of connection
between the pressure-relieving safety device and the
discharge piping is used, the discharge piping shall be
so designed as to prevent binding due to expansion move-
ments and shall be so dimensioned as to prevent the possi-
bility of blow back of the“effluent. Individual discharge
lines shall be used jn~this application. Drainage shall
be provided to rémove water collected above the
safety valve seat.

(f) Discharge lines from pressure-relieving safety
devices within the scope of this Subsection shall be
designed to facilitate drainage if there is any possibility
that, the effluent can contain liquid.

NB-3680 STRESS INDICES AND FLEXIBILITY
FACTORS

NB-3681 Scope

(a) Therearetwo types ofanalysesallowed by the rules
of this subarticle. The applicable B, C, and K indices to be
used with NB-3652, eq. (9), NB-3653.1(a), eq. (10), and
NB-3653.2(a), eq. (11) are given in Table NB-3681(a)-1.
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The applicable indices to be used with the detailed
analysis of Section III Appendices, Mandatory Appendix
XIII are given in NB-3685 and NB-3338.

(b) Methods of determining flexibility factors for some
commonly used piping products are given in NB-3686.

(c) Values of stress indices are tabulated for commonly.
used piping products and joints. Unless specific data,
which shall be referenced in the Design Report, eXist
that would warrant lower stress indices than thoS$e tabu-
lated or higher flexibility factors than those calculated by
the methods of NB-3686, the stress indices given shall be
used as minimums and the flexibility factofs)shall be used
as maximums.

(d) For piping products not coveredby NB-3680, stress
indices and flexibility factorssshall be established by
experimental analysis (Section II[TAppendices, Mandatory
Appendix II) or theoreticalanalysis. Such test data or theo-
retical analysis shall be ineluded in the Design Report.

(e) When determinihg stress indices by experimental
methods, the nominal stress at the point under considera-
tion (crack site,\point of maximum stress intensity, etc.)
shall be used.

NB-3682Definitions of Stress Indices and
Flexibility Factors

(d) The general definition of a stress index for mechan-
ical loads is:

B, C, K, ori

where

S
o

nominal stress, psi (MPa), due to load L
elastic stress, psi (MPa), due to load L

For Bindices, o represents the stress magnitude corre-
sponding to alimitload. For C or Kindices, o represents the
maximum stress intensity due to load L. For i factors, o
represents the principal stress at a particular point,
surface, and direction due to load L.

(b) The general definition of a stress index for thermal
loads is:

CorK = 0
EaAT
where
E = modulus of elasticity, psi (MPa)
a = coefficient of thermal expansion, 1/°F (1/°C)
A T = thermal difference, °F (°C)
o = maximum stress intensity, psi (MPa), due to

thermal difference AT

The values of E, a, and AT are defined in detail in
NB-3650.
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Table NB-3681(a)-1
Stress Indices for Use With Equations in NB-3650

Applicable for D,/t < 100 for C or K Indices and D,/t < 50 for B Indices [Note (1)]

Internal Pressure [Note (2)] | Moment Loading [Note (2)] | Thermal Loading
Piping Products and Joints C, K; C, K, K3
[Note (3)] B; [Note (4)] [Note (4)] B, |[Note (4)] [Note (4)] Cs3 c;' [Note (4)] Notes
Straight pipe, remote from weldsor 0.5 1.0 1.0 1.0 1.0 1.0 06 05 1.0 (5)

other discontinuities

Longitudinal butt welds in straight pipe

(a) flush 0.5 1.0 1.1 1.0 1.0 1.1 1.0 1.1 (6)
(b) as-welded t >%¢ in. (5 mm) 0.5 11 1.2 1.0 1.2 1.3 1.0 1.2 (6)
(c) as-welded t <% in. (5 mm) 0.5 1.4 2.5 1.0 1.2 1.3 1.0 1.2 (6)

Girth butt welds between nominally identical wall thickness items

(@) flush 0.5 1.0 1.1 1.0 1.0 1.1 0.60 0.50 1.1 @)
(b) as-welded 0.5 1.0 1.2 1.0 1.8 0.60 €,0.50 1.7 7
Girth fillet weld to socket weld, 3.0 2.0 207 1.0 3.0 (8)

fittings, socket weld valves,
slip-on or socket welding flanges

NB-4250 transitions
(a) flush 0.5 1.1 1.0 1.1 - 10 1.1 9)
(b) as-welded 0.5 1.2 1.0 1.8 . 10 1.7 9)

Transitions within a 1:3 slope envelope

(a) flush 0.5 1.2 1.0 1.1 - 060 1.1 (10)
(b) as-welded 0.5 1.2 1.0 1.8 . 0.60 1.7 (10)
Butt welding reducers per ASME 10 1.0 05 1.0 (11D
B16.9 or MSS SP-87
Curved pipe or butt welding elbows ... 1o 1.0 1.0 0.5 1.0 (12)
Branch connections per NB-3643 0.5 2.0 1.8 1.0 1.7 (13)
Butt welding tees 0.5 1.5 4.0 1.0 0.5 1.0 (14)

GENERAL NOTE: For indices not listed, see the-noete referenced at the end of the applicable line.

NOTES:

(1) For products and joints with 50 < Dy/t'< 100, see NB-3683.2(c).

(2) For the calculation of pressure and'moment loads and special instructions regarding NB-3652, eq. (9) through NB-3653.6(b), eq. (13), see
NB-3683.1(d).

(3) For definitions, applicability}, and specific restrictions, see NB-3683.

(4) For special instructions regarding the use of these indices for welded products, intersecting welds, abutting products, or out-of-round
products, see NB-3683\2:

(5) See NB-3683.3, Styaight Pipe Remote From Welds.

(6) See NB-3683.4(a),*Longitudinal Butt Welds.

(7) See NB-3683(b), Girth Butt Welds.

(8) See NB-3683:4(c), Girth Fillet Welds.

(9) See NB-3683.5(a), NB-4250 Transitions.

(10) See'NB-3683.5(b), Transitions Within a 1:3 Slope.

(11) /See.NB-3683.6, Concentric and Eccentric Reducers.

(12) ;See NB-3683.7, Curved Pipe or Butt Welding Elbows. See also NB-3683.2(a) and NB-3683.2(b).

(13)” See NB-3683.8, Branch Connections per NB-3643. See also NB-3683.1(d).

(14) See NB-3683.9, Butt Welding Tees. See also NB-3683.1(d).
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(c) Flexibility factors are identified herein by k with
appropriate subscripts. The general definition of a flex-
ibility factor is:

k = eub/gnom
where
6,, = rotation of end a, with respect to end b, due to a
moment load M and in the direction of the
moment M
6,0om = nominal rotation due to moment load M

The flexibility factor k and nominal rotation 6,,,,, are
defined in detail for specific components in NB-3686.

NB-3683 Stress Indices for Use With NB-3650

The stress indices given herein and in
Table NB-3681(a)-1 and subject to the additional restric-
tions specified herein are to be used with the analysis
methods of NB-3650. For piping products outside the ap-
plicable range, stress indices shall be established in accor-
dance with NB-3681.

NB-3683.1 Nomenclature.

(a) Dimensions. Nominal dimensions as specified in the
dimensional standards of Table NCA-7100-1 shall be used
for calculating the numerical values of the stress indices
given herein and in Table NB-3681(a)-1, and for evalu-
ating NB-3652, eq. (9) through NB-3653.6(c), eq. (14).
For ASME B16.9 or MSS SP-87 piping products,‘the
nominal dimensions of the equivalent pipe*(for
example, Schedule 40) as certified by the manufacturer
shall be used. Not more than one equivalént pipe size
shall be certified for given product itéms-of the same
size, shape, and weight.

For piping products such as redueérs and tapered-wall
transitions that have different dinlensions at either end,
the nominal dimensions of the large or small end, which-
ever gives the larger valueof-D,/t, shall be used. Dimen-
sional terms are defined as follows:

D, = nominal*outside diameter of pipe, in. (mm)
D; = nominal inside diameter of pipe, in. (mm)
D,, =-mhean diameter of designated run pipe, in.
(mm) [see NB-3683.8(c) and Figure
NB-3643.3(a)-1]
= 2Rm = (Do - Tr)
Dax = maximum outside diameter of cross section,
in. (mm)
Din = minimum outside diameter of cross section,
in. (mm)
D; = nominal outside diameter at large end of

concentric and eccentric reducers, in.
(mm) (see NB-3683.6)
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Ly

Lll LZ

ry

'm

'm

ry, ra,
r3

Ty

T

nominal outside diameter at small end of
concentric and eccentric reducers, in.
(mm) (see NB-3683.6)

nominal outside diameter of attached branch
pipe, in. (mm)

nominal inside diameter of branch, in. (mm)
nominal mean diameter of reinforced or
unreinforced branch, in. (mm). [See
NB-3683.8(c)]

(di + tn)

characteristic bend parametey-of*a curved
pipe or butt welding elbow:

tR/rm”

moment of inertia of pipe] in.* (mm*)
0.0491 (D,* - D)

height of nozzle.reinforcement for branch
connection$¢ in. (mm) [see Figure
NB-3643.3(a)~1]

length oficylindrical portion at the large end
and small end of a reducer, respectively, in.
(mny)~(see NB-3683.6)

nominal bend radius of curved pipe or elbow,
in. (mm)

mean radius of designated run pipe, in. (mm)
[see NB-3683.8 and Figure NB-3643.3(a)-1]
(Do - T))/2

inside radius of branch, in. (mm) [see
Figure NB-3643.3(a)-1]

di/2
mean pipe radius, in. (mm)
(Do - 8)/2

mean radius of attached branch pipe, in.
(mm) [see Figure NB-3643.3(a)-1]

(dy - T')/2

outside radius of reinforced nozzle or branch
connection, in. (mm) [see Figure
NB-3643.3(a)-1]

designated radii for reinforced branch
connections, concentric and eccentric redu-
cers, in. (mm) [see NB-3683.6, NB-3683.8,
and Figure NB-3643.3(a)-1]

wall thickness of branch connection rein-
forcement, in. (mm) [see Figure
NB-3643.3(a)-1]

nominal wall thickness of attached branch
pipe, in. (mm) [see Figure NB-3643.3(a)-1]
nominal wall thickness of designated run
pipe, in. (mm) [see Figure NB-3643.3(a)-1]
nominal wall thickness of pipe, in. (mm). For
piping products purchased to a minimum
wall specification, the nominal wall thickness
shall be taken as 1.14 times the minimum
wall.
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tmax = maximum wall thickness of a welding transi-
tion within a distance of ,/D,t from the

welding end, in. (mm) [see NB-3683.5(b)],
in. (mm)

t, = wall thickness of nozzle or branch connection
reinforcement, in. (mm) (see NB-3683.8; also
used for concentric and eccentric reducers,
see NB-3683.6)

t; = nominal wall thickness at large end of
concentric and eccentric reducers, in.
(mm) (see NB-3683.6)

t, = nominal wall thickness at small end of
concentric and eccentric reducers, in.
(mm) (see NB-3683.6)

t1m tam = minimum wall thickness at the large end and
small end of a reducer, respectively, that is
required to resist the Design Pressure P in
accordance with NB-3641.1, eq. (1), in. (mm)
7 = section modulus of pipe, in.® (mm?)
= 21/D,

Z, = approximate section modulus of attached
branch pipe, in.> (mm?®)

= n(r'y)*T)

Z, = approximate section modulus of designated
run pipe, in.> (mm?)

= T[(Rm)zTr

a = cone angle of concentric and eccentric redu-
cers, deg (see NB-3683.6)

A = radial weld shrinkage measured from the
nominal outside surface, in. (mm)

6, = slope of nozzle-to-pipe transition for branch
connections, deg [see Figure NB-3643.3(a)-1]

(b) Material Properties. Unless otherwise specified,
material properties at the appropriate temperature, as
given in Section II, Part D, Subparts 4 and 2, shall be
used. Terms are defined as follows:

E = modulus of elasticity fof/the material at room
temperature, psi (MPaJ; taken from Section I,
Part D, Subpart 2, Tables TM
M = materials constant
= 2, for ferritie~steels and nonferrous materials
except nickel-chrome-iron alloys and nickel-
iron-chrome alloys
= 2.7, for austenitic steel, nickel-chrome-iron alloys
and nickel-iron-chrome alloys [see NB-3683.2(b)]
S, =3yield strength of the material at the Design
Temperature, psi (MPa), taken from Section II,
Part D, Subpart 1, Table Y-1
v = Poisson’s ratio
=03

(c) Connecting Welds. Connecting welds in accordance
with the requirements of this Subsection are defined as
either flush or as-welded welds.

(1) Flush welds are those welds with contours as
defined in Figure NB-3683.1(c)-1. The total thickness
(both inside and outside) of the weld reinforcement
shall not exceed 0.1t. There shall be no concavity on
either the interior or exterior surfaces and the finished
contour shall not have any slope greater than 7 deg
where the angle is measured from a tangent to the
surface of the pipe or on the tapered transition side of
the weld to the nominal transition surface.

(2) As-welded welds are those welds not meeting, the
special requirements of flush welds.

(d) Loadings. Loadings for which stress,indices are
given include internal pressure, bending and torsional
moments, and temperature differences, The indices are
intended to be sufficiently conservative to account also
for the effects of transverse shear forces normally encoun-
tered in flexible piping systems:If, however, thrust or
shear forces account for a significant portion of the
loading on a given piping,product, the effect of these
forces shall be included itr the design analysis. The
values of the momentstand forces shall be obtained
from an analysis of.the piping system in accordance
with NB-3672. Loading terms are defined as follows:

M;, M,

M3 = orthogonal moment loading components at a
given position in a piping system, in.-lb
(N-mm)

M;; = orthogonal moment components of a tee or
branch connection as shown in Figure
NB-3683.1(d)-1 wherei=x y, zandj = 1,
2, 3, in.-lb (N-mm)

M, = resultant moment loading applied during the
specified operating cycle for straight-through
products such as straight pipe, curved pipe or
elbows, and concentric reducers, in.-1b
(N-mm)

\/Mlz + MZZ + M32
P = Design Pressure, psi (MPa)
P, = range of service pressure, psi (MPa)

o
P* = maximum value of pressure in the load cycle
under consideration, psi (MPa)

The moment components My, My, Myq, My, M4, and
M, for the run are calculated at the intersection of the run
and branch center lines. The moment components M,3,

Figure NB-3683.1(c)-1

7 deg max.

7 deg max. 7 deg max.
R}

e
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Figure NB-3683.1(d)-1

My3

x3

y2

Mx2

z2

M,3, and M,3 for a branch connection where d,/D,
< 0.5 may be calculated for a point on the branch
center line at a distance D,/2 from the intersection of
the run and branch center lines. Otherwise, M,3, M3,
and M,; are calculated at the intersection of the run

and branch center lines.

M, = resultant moment on the branch for branch
connections or tees, in.-lb (N-mm)
- 2 2 2
\/(Mx3) + (My3) + (Mz3)

M,* = same as M,, except it includes only moments
due to thermal expansion and thermal
anchor movements, in.-lb (N-mm)

M, = resultant moment on the run for.branch
connections or tees, in.-lb (N-mm)
= 2 2 2
o1 + () + O

M,* = same as M, except it inclides only moments
due to thermal expansion and thermal
anchor movements,\n.-lb (N-mm)

My, M,
M, = run moment€omponents for use with

the stress indices of NB-3683.8 and
NB-3683:9, in.-Ib (N-mm). Their numerical
values\are calculated as follows. If M;; and
M;5(wherei=x,y, z) have the same algebraic
sigh (%), then M;,. equals zero. If M;; and M;,
have opposite algebraic signs, then M;,
equals the smaller of M;; or M;,. If M;;
and M;, are unsigned, then M;. may be
taken as the smaller of M;; or M;,. Combina-
tion of signed and unsigned moments from
different load sources shall be done after
determination of M;,.
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For branch connections or tees, the pressure term of
NB-3652, eq. (9); NB-3653.1(a), eq. (10); NB-3653.2(a),
eq. (11); and NB-3653.6(b), eq. (13) shall be replaced
by the following terms:

For NB-3652, eq. (9): B; (PD, /2T,)

For NB-3653.1(a), eq. (10), and NB-3653.6(b), eq. (13):
Cl (Po Do/ZTr)

For NB-3653.2(a), eq. (11): K; C; (P, D,/2T,)

For branch connections or tees, the moment4erm of
NB-3652, eq. (9), through NB-3653.6(b), eq.\(13) shall
be replaced by the following pairs of terms:

For NB-3652, eq. (9): Bzp (Mp/Zp) + B4 (M,/Z,)

For NB-3653.1(a), eq. (10), and NB-3653.6(b), eq. (13):
C2b (Mb/Zb) + C2r (Mr/Zr)

For NB-3653.2(a), eq. (11): Cp5K25(Mp/Zp) + C21 K2 (M,/
z)

For NB-3653.6(a), eq. (12): C2p (Mp*/Zp) + C2 (M, */Z,)
where the approximate séetion moduli are:

’ 2 !

Zp =n(r',) T
2

zZ, =n(Ry,)"T,

NB-3683:2" Applicability of Indices — General. The B,
C, and\K stress indices given herein and in
Table'NB-3681(a)-1 predict stresses at a weld joint or
within the body of a particular product. The stress
indices given for ASME B16.9 and MSS SP-87 piping
products apply only to seamless products with no connec-
tions, attachments, or other extraneous stress raisers on
the body thereof. The stress indices for welds are not ap-
plicable if the radial weld shrinkage A is greater than 0.25¢.

For products with longitudinal butt welds, the K;, K>,
and K3 indices shown shall be multiplied by 1.1 for flush
welds or by 1.3 for as-welded welds. At the intersection of
a longitudinal butt weld in straight pipe with a girth butt
weld or girth fillet weld, the Cy, K;, C;, K3, and K3 indices
shall be taken as the product of the respective indices.

(a) Abutting Products. In general and unless otherwise
specified, it is not required to take the product of stress
indices for two piping products, such asatee and areducer
when welded together, or a tee and a girth butt weld. The
piping product and the weld shall be qualified separately.

For curved pipe or butt welding elbows welded together
or joined by a piece of straight pipe less than one pipe
diameter long, the stress indices shall be taken as the
product of the indices for the elbow or curved pipe
and the indices for the girth butt weld, except for B;
and C’; that are exempted.

(b) Out-of-Round Products. The stress indices given in
Table NB-3681(a)-1 are applicable for products and welds
with out-of-roundness not greater than 0.08t where
out-of-roundness is defined as Dyax = Dmin. For straight
pipe, curved pipe, longitudinal butt welds in straight pipe,
girth butt welds, NB-4250 transitions, and 1:3 transitions
not meeting this requirement, the stress indices shall be
modified as specified below.
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(1) If the cross section is out-of-round but with no
discontinuity in radius, e.g., an elliptical cross section, an
acceptable value of K; may be obtained by multiplying the
tabulated values of K; by the factor Fy,:

D, — Dpy 1.5
Fla — 1 + max min 3
t 1 + 0.455(D,/t)’(p/E)
where
D, = nominal outside diameter, in. (mm)
E = modulus of elasticity of material at room tempera-
ture, psi (MPa)
p = internal pressure (use maximum value of pressure

in the load cycle under consideration), psi (MPa)

Other symbols are defined in (b) above.

(2) If there are discontinuities in radius, e.g., a flat
spot, and if Do = Diin IS not greater than 0.08D,, an ac-
ceptable value of K; may be obtained by multiplying the
tabulated values of K; by the factor Fyj:

Fp = 1 + MS,/(PD,/2t)
where

2, for ferritic steels and nonferrous materials
except nickel-chromium-iron alloys and nickel-
iron-chromium alloys

2.7, for austenitic steel, nickel-chromium-iron
alloys, and nickel-iron-chromium alloys

Design Pressure, psi (MPa)

yield strength at Design Temperature (Section’l],
Part D, Subpart 1, Table Y-1), psi (MPa)

P
Sy

D, and t are defined in (a) and (b) above.

(c) Products and Joints With 50 < Dg/t"s’100. The By
index in Table NB-3681(a)-1 is valid: The B, index
shall be multiplied by the factor 1/(XY), where

X = 1.3 - 0.006(D,/t), not toexceed 1.0

Y = 1.033 - 0.00033T for.ferritic material, not to exceed
1.0, where T is theDesign Temperature, °F
1.0224 - 0.000594T for ferritic material, not to
exceed 1.0, where T is the Design Temperature, °C
1.0 for other materials

NB-3683.3)Straight Pipe Remote From Welds. The
stress indices given in Table NB-3681(a)-1 apply for
strajght.pipe remote from welds or other discontinuities,
exCept as modified by NB-3683.2.

NB-3683.4 Welds.

(a) Longitudinal Butt Welds. The stress indices given in
Table NB-3681(a)-1 are applicable for longitudinal butt
welds in straight pipe, except as modified in NB-3683.2.
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(b) Girth Butt Welds. The stress indices given in
Table NB-3681(a)-1, except as modified herein and in
NB-3683.2, are applicable to girth butt welds connecting
abutting products for which the wall thickness is between
0.875t and 1.1t for an axial distance of \/D,t from the

welding ends. Girth welds may also exhibit a reduction
in diameter due to shrinkage of the weld material
during cooling. The indices are not applicable if A/t is
greater than 0.25 where A is the radial shrinkage
measured from the nominal outside surface.

For as-welded girth butt welds joining itefhs with
nominal wall thicknesses t < 0.237 in. (6:<-6.0 mm),
the C, index shall be taken as:

(U.S. Customary Units)

Cy, = 1.0 + 0.094/#butnot>2.1

(SI Units)
Cy = 1.0-%4 24/t butnot>2.1

for t = 0.237 in¢(6.0omm), C; = 1.0

(c) Girth Fillet Welds. The stress indices given in
Table NB-3681(a)-1 are applicable to girth fillet welds
used to attach socket welding fittings, socket welding
valves, slip-on flanges, or socket welding flanges,
except as added to or modified in NB-3683.1, and in
(1) and (2) below.

(1) Primary Stress Indices. The B; and B; indices shall

be taken as:

By =075(,/C,) = 0S5

B, =15(t,/C,) = 10
where C,and t,, are defined in Figure NB-4427-1, sketches
(c) and (d). In Figure NB-4427-1 sketch (c), C, shall be
taken as x, min. and C, 2 1.25¢,. In Figure NB-4427-1
sketch (d), Cx = 1.09¢t,. For unequal leg lengths use the
smaller leg length for C,.

(2) Primary Plus Secondary Stress Indices. The C; and
C, indices shall be taken as:

G = 1~8(tn /Cx)

= 2~1(tn /Cx)

\%

14

\

C,y 1.3

If C, on the pipe side of the weld is greater than C, on the
fitting side, and if C, on the fitting side is greater than or
equal to either x min. in Figure NB-4427-1 sketch (c) or Cy
min. in Figure NB-4427-1 sketch (d), Cy on the pipe side
may be used in the equation for Cj.
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NB-3683.5 Welded Transitions. The stress indices
given in Table NB-3681(a)-1, except as modified herein
and in NB-3683.2, are applicable for NB-4250 welded
transitions as defined under (a) and for 1:3 welded transi-
tions as defined under (b). Girth butt welds may also
exhibit a reduction in diameter due to shrinkage of the
weld material during cooling. The indices are not appli-
cable if A/t is greater than 0.25.

(a) NB-4250 Transitions. The stress indices given in
Table NB-3681(a)-1, except as modified herein and in
NB-3683.2, are applicable to girth butt welds between
a product for which the wall thickness is between

0.875t and 1.1t for an axial distance of /Dyt from the

welding end and an abutting product for which the
welding end is within the envelope of Figure
NB-4250-1, but with inside and outside surfaces that
do not slope in the same direction. For transitions
meeting these requirements, the C;, C,, and C3 indices
shall be taken as:

(U.S. Customary Units)

G = 0.5 + 033(D,/t)*3 + 0.047/t butnot>1.8
C, = 17 + 0.094/t butnot >2.1

C; = 1.0 + 0.03(D,/t) butnot>2.0

(SI Units)

q = 05 + 033(D,/t)%3 + 12/t butnot>18
C, = 17 + 24/t butnot>2.1

C; = 1.0 + 0.03(D,/t) butnot>2.0

For flush welds and for as-welded joints between items
with t > 0.237 in. (t > 6.0 mm), C; and G».shall be taken as:

0.5 + 033(D,/t)% but not >1.8
17

G
Cy =

(b) Transitions Withind 1:3 Slope. The stress indices
given in Table NB-3681(aj-1, except as modified herein
and in NB-3683.2,-are applicable for girth butt welds
between a produet for which the wall thickness is
between 0.875¢-and 1.1t for an axial distance of \/Dyt
from the. welding end and an abutting product for
which theswelding end is within an envelope defined
by a 1:37slope on the inside, outside, or both surfaces
for-an axial distance of /Dyt but with inside and
outside surfaces that do not slope in the same direction.
For transitions meeting these requirements, the C;, C;,and
(5 indices shall be taken as:
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(U.S. Customary Units)

G = 1.0 + 0.047/t butnot>1.8

Cy = tmax/t + 0.094/t but not >the smaller of
(133 + 004D/t + 0.094/t)yor2.1

C3 = 0.35(tmax/t) + 025 butnot>2.0

(51 Units)

G = 10 + 12/t butnot>1.8

Cy = tmax/t + 2.4/t butnot >the smaller of
(133 + 004D/t + 2A4ft)or2.1

C3 = 0.35(tma/t) + 0.25Bufthot>2.0

where t,,,.x is the maximum wallthickness within the tran-
sition zone. If (tyax/t) < 110, the stress indices given in
NB-3683.4(b) for girthbutt'welds may be used. For flush
welds and for as-welded joints between items with ¢ >
0.237 in. (t > 6.0anin), C; and C, shall be taken as:

G =(10
Cs tmax/ t butnot >the smaller of

(133 + 0.04,/D,/t)or2.1

NB-3683.6 Concentric and Eccentric Reducers. The
stress indices given in Table NB-3681(a)-1, except as
modified herein and in NB-3683.2, are applicable to
butt welding reducers manufactured to the requirements
of ASME B16.9 or MSS SP-87 if the cone angle a defined in
Figure NB-3683.6-1 is less than 60 deg and if the wall
thickness is not less than t;,, throughout the body of
the reducer, except in and immediately adjacent to the
cylindrical portion on the small end where the thickness
shall not be less than t,,,,. The wall thicknesses t;,, and t,,,
are the minimum thicknesses required to resist the Design
Pressure P at the large end and small end, respectively, in
accordance with NB-3641.1, eq. (1). For eccentric redu-
cers, the dimensions shown in Figure NB-3683.6-1 are to

Figure NB-3683.6-1

Ly

a2

&
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be taken at the location on the circumference where « is
the maximum.

(a) Primary Stress Indices. The B stress indices given in
(1) or (2) below shall be used depending on the cone angle
a.

(1) By =0.5 for a < 30 deg
(2) B; = 1.0 for 30 deg < a < 60 deg

(b) Primary Plus Secondary Stress Indices. The C; and C,
stress indices given in (1) or (2) below shall be used
depending on the dimensions of the transition radii r;
and r,.

(1) For reducers with ry and r, =2 0.1Dq:

G = 10 + 00058 a\D,/t,

Cy = 10 + 036 a%* (D,/t,)HP2/D1 = 05)

where D,/t, is the larger of D1/t; and D,/t,.
(2) For reducers with r; and/or r, < 0.1D4:

Q = 10 + 000465 "% (D,/t,)*

C, = 10 + 00185 a \/D,/t,

where D,/t, is the larger of D/t; and D,/t,.

(c) Peak Stress Indices. The K; and K> indices given in
(1), (2), or (3) below shall be used depending on the type of
connecting weld and thickness dimensions.

(1) For reducers connected to pipe with flush girth
butt welds:

K = 11 - 01L,,/,/Dyt,, butnot<1.0
K = 11 — 01L,,/\/Dyt,, butnot <1.0

where L, /./Dyt,, is the smaller of L;/./Dityand

Lz/.‘ D2t2'
(2) For reducers connected to pipe with as-welded
girth butt welds where t; and ¢, > % 6 it (5" mm):

K = 12 - 02L,,/ Dty buthot <1.0
K = 18 — 0.8L,/\/Dyty butnot<1.0
where L,,/./Dyt,, is the smdller of L;/./D;f and
LZ/« D2t2.
(3) For reducers connected to pipe with as-welded
girth butt welds where-t; or t, < % in. (5 mm):

K, =12 ~ 02L,/Dyt, butnot<1.0
K =25 - 15L,/D,t,, butnot<1.0

where Ly, /\JDyt,, is the smaller of L;/./D;f and

L2/1/D2t2.

(d) Alternative C; and K stress indices may be used for
reducers meeting the following requirements:

S< (Dz/tz) < 80
S<a < 60deg
0.08 < 1‘2/D2 < 0.7

1< tl/t?, < 2.12

(1) See below.

Cy = 1 + 0.0056(Dy/t,)" 28
_ -0.8
(r2/D2) " (/1)
(2) For reducers connected-to pipe with flush girth
butt welds
K = 11 -+015L,/(Dyt)* > 1.0
(3) For reducers connected to pipe with as-welded
girth butt welds ‘where t; and ¢, > %16 in. (5 mm)
K ‘= 1.8 — 125L,/(Dy)*° > 1.0
(4) ‘For reducers connected to pipe with as-welded
gitth butt welds where t; or t, < % in. (5 mm)
K = 25— 235Ly/(Dyt)*° > 1.0
NB-3683.7 Curved Pipe or Butt Welding Elbows. The
stress indices given in Table NB-3681(a)-1, except as
modified herein and in NB-3683.2, are applicable to
curved pipe or butt welding elbows manufactured to

the requirements of ASME B16.9 or MSS SP-87.
(a) Primary Stress Index. The B, and B, indices shall be

taken as:
B; = —0.1 + 0.4h butnot <0 nor >0.5
B, = 1.30/hz/3 but not <1.0

where

h = tR/ry*

(b) Primary Plus Secondary Stress Indices. The C; and C,
indices shall be taken as:

G = (@R - r)/2R — 1,)

2
1.95/1/1/3 butnot < 1.5

C
where

h = tR/ry,’
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NB-3683.8 Branch Connections Per NB-3643. The
stress indices given in Table NB-3681(a)-1, except as
modified herein and in NB-3683.2, are applicable to rein-
forced or unreinforced branch connections meeting the
general requirements of NB-3643 and the additional re-
quirements of (a). Symbols are defined in NB-3683.1 and
in NB-3643.3.

(a) Applicability. The stress indices are applicable,
provided the following limitations are met.

(1) The branch connection is in straight pipe.

(2) Forbranch connections in a pipe, the arc distance
measured between the centers of adjacent branches along
the outside surface of the run pipe is not less than three
times the sum of the two adjacentbranch inside radii in the
longitudinal direction, or is not less than two times the
sum of the two adjacent branch radii along the circum-
ference of the run pipe.

(3) The axis ofthe branch connection is normal to the
run pipe surface.

(4) The run pipe radius-to-thickness ratio R,/ T, is
less than 50, and the branch-to-run radius ratio r’,,,/R, is
less than 0.50.

(5) Ifthebranch-to-run filletradius r; is notless than
the larger of T,/2, T,/2, or (T’, + y)/2 [Figure
NB-3643.3(a)-1 sketch (c)], the K,;, index is reduced
from 2.0 to 1.0. Stress indices for run moments are inde-
pendent of r».

(b) Primary Stress Indices. The primary stress indices
B;;, and B, shall be taken as:

sz = 05C2b butnot <1.0

0.3
By, ) but not <1(0

0.75(7—”’

n

(c) Primary Plus Secondary Stress_Indices. The Cy, Cyp,
and C,, indices [for moment loadings, see NB-3683.1(d)]
shall be taken as:

03182 0.367 0.382
D, d T
o=z () )
¥ m n
0.148
tn
(’2]
butnot < 1.2

If r5yt,> 12, use rp/t, = 12 for computing C;.

2 1
Cyp = 0 e AR N
T, Ry, T "y
butnot < 1.5
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rm
tﬂ
but not less than the larger of 1.25 and 1.875 (1 — Q)
where

Q = 0.5(t,/T,)(t,/d;)®> butnot > 0.5

and where

(1) for Figures NB-3643.3(a)-1, sketches.(a)and (b):
T, if L > 0.5 (d,T,)" 2
Ty if L < 0.5(dy,T)>

tn

(2) for Figure NB-3643.3(a)-1;"sketch (c):
T, + (2/3)pf 0 < 30 deg
= T, + 0385L; if 6 > 30 deg

t

n

(3) for Figure NB-3643.3(a)-1, sketch (d):
ty T = T

(d) PeakStress Indices. The peak stress indices K;j, and
K, formomentloadings [see NB-3683.1(d)] shall be taken
as:

Ky =20

KZT =1.6

(e) For branch connections made with fillet or partial
penetration welds per NB-3661.3, the stress indices given
in Table NB-3681(a)-1 and in NB-3683.8 shall be
increased as follows:

(1) The B; index shall be multiplied by 1.5. The B,,
and B, indices calculated using the equations in (b) shall
be multiplied by 1.5, and the resulting B,, and B;,, indices
shall be not less than 1.5.

(2) Cy, C3,, and Cyp indices shall be calculated using
the equationsin (c) and multiplied by 2.0, and the resulting
Cy, C5,, and C,, indices shall be not less than the minimum
values given in (c).

(3) K; and K3 shall be multiplied by 3.

(4) K;p shall be increased such that when using the
C;p determined in (2) above, the resulting product C;,K>),
shall be a minimum of 6.0.

(5) K3, shall be increased such that when using the
C,, determined in (2) above, the resulting product C;,K;,
shall be taken as a minimum of 4.2.

In calculating the indices for fillet and partial penetra-
tion welded branch connections, r, may be taken to be ¢,
with the other dimensions consistent with Figure
NB-3643.3(a)-1.
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Figure NB-3684-1
Direction of Stress Components

7N

St

Legend
o = stress intensity (combined stress) at the point under
consideration
o, = stress component normal to the plane of the section
o, = stress component normal to the boundary of the section
0: = stress component in the plane of the section under consid-

eration and parallel to the boundary of the section

NB-3683.9 Butt Welding Tees. The stress indices given
in Table NB-3681(a)-1, except as modified herein and in
NB-3683.2, are applicable to butt welding tees manufac-
tured to the requirements of ASME B16.9 or MSS SP-87¢

(a) Primary Stress Indices. The primary stress indices
B>, and B,, shall be taken as:

2
04 (R,,/T,) /3 butnot <1.0

By

2,
By, = 050 (R,,/T,) 73 but not’<0
(b) Primary Plus Secondary Stress. Indices. The Cy;, and
C,,stress indices for momentloadings [see NB-3683.1(d)]
shall be taken as:

2
Cop 0.67(&/T,) /3 but not <2.0

2
Cy, 0067 (R,,,/T;) /3 but not <2.0

(c) Peak Stiess’Indices. The peak stress indices K;;, and
K,,formomentloadings [see NB-3683.1(d)] shall be taken
as:

1.0
1.0

Ky
K2r

NB-3684 Stress Indices for Detailed Analysis

The symbols for the stress components and their defi-
nitions are given in Figure NB-3684-1. These definitions
are applicable to all piping products, and the stress indices
givenin the tablesin NB-3685 and NB-3338 are so defined.
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NB-3685 Curved Pipe or Welding Elbows

NB-3685.1 Applicability of Indices. The indices given
in Tables NB-3685.1-1 and NB-3685.1-2 give stresses in
curved pipe or elbows at points remote from girth or lon-
gitudinal welds or other local discontinuities. Stresses in
curved pipe or welding elbows with local discontinuities,
such as longitudinal welds, support lugs, and branch
connectionsin the elbow, shall be obtained by appropriate
theoretical analysis or by experimental analysis in accor-
dance with Section IIl Appendices, Mandatory Appendix I1.

NB-3685.2 Nomenclature (Figure NB-3685.2-1).

A = an additional thickness;-in. (mm) (see
NB-3641.1)

D; = D, - 2(t,, - A), in. (mm)

D, = nominal outside diameter of cross section, in.
(mm)

D1(D,) = maximum (minimum) outside diameter of
elbow witlCeuit-of-round cross section essen-
tially describable as an ellipse or oval shape
(Figupe NB-3685.2-1), in. (mm)

E = medulus of elasticity, psi (MPa) (Section I,
Rart D, Subpart 2, Tables TM)
R~z internal pressure, psi (MPa)
R.= bend radius
r = mean cross section radius
t,, = minimum specified wall thickness
Z = section modulus of cross section
= 0.0982 (D,* - DY)/ D,
A =

tmR/<r2\/1 - v2) (Table NB-3685.1-2

limited to A = 0.2)

NB-3685.3 Stress From Stress Indices. To obtain
stresses from stress index:

Load Multiply Stress Index by
Internal Pressure P
M, M,/2Z
M, M,/Z
M, M,/Z

NB-3685.4 Classification of Stresses. For analysis of a
curved pipe or welding elbow to NB-3210, the following
rules shall apply to the classification of stresses developed
under a load-controlled in-plane or out-of-plane moment
as distinguished from a displacement controlled loading.

(a) The entire membrane portion of the axial, circum-
ferential, and torsional stresses shall be considered as
primary (P.).
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Table NB-3685.1-1
Curved Pipe or Welding End Elbows, Internal Pressure

Location Surface Stress Direction Stress Index [Note (1)]

Round Cross Section

[} Inside [
¢ Mid o D, — 08(t, — A)][0.52R + rsin 4))] S\
2(t,; — A) R + rsing !
[} Outside [
o) Inside o
0} Mid o D; JO.
4(t, — G 2
[0} Outside [
Out-of-Round Cross Section [Note (2)]
Inside o, i1 + i3
Mid o, iy
Outside o, i1 — I3
Inside [ i; +.0.3i3
Mid o 5
Outside o, i, — 0.3i3

NOTES:

(1) The radial stress o, is equal to —P on the inside surface, to -P /2 on.the'midsurface, and to 0 on the outside surface.

(2) For out-of-round cross section:

Dy(Dy — Dy)
21,2

1.5

3 cos 20
1 0455(D, /t,)” (P/E)
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Table NB-3685.1-2
Curved Pipe or Welding End Elbows, Moment Loading (1 = 0.2)

Location Surface Stress Direction Stress Index [Note (1)]

Torsional Moment,M,
All All T ¢ [Note (2)] 1.0
In-Plane or Out-of-Plane Moments M, or M, [Note (3)]

) Outside O n V Om + Onp
[} Mid [ VO
¢ Inside [ V Otm — Onp
) Outside o, Om + V Oup
¢ Mid o, ol
) Inside [ Otn +V Opp

NOTES:
(1) The radial stress o, is zero for all surfaces.
(2) tpcisashear stressinthe n-t plane and must be appropriately combined with the principal stresses g, and o, to obtain principal stresses due
to combinations of M, with M, or M,.
(3) Nomenclature for stress indices:
v = Poisson’s ratio

Om = sing + [(1.5X — 18.75)sin3¢) + 11.25sin S¢p]/X4 — In-plane M,

Onp = A (9% cos2¢p + 225 cos 4¢)/X, — In-plane M,

O = cos¢p + [(1.5X% — 18.75)cos 3¢p + 11.25 cos 5¢]/X4 — Out-of-plane M,
Onp = —1 (9% sin2¢) + 225sin4¢))/X, — Out-of-plane M,

X1 = 5+ 6% + 241

X, = 17 + 600A% + 480

Xs = X; X5 - 6.25

Xy = (1 -v)(X; - 4.5X,)

~ t.R/ <r2 V1 — vz) (Equations are valid for A = 0.2.only.)
Y = PR?/Ert,
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Figure NB-3685.2-1
Elbow Nomenclature

«—» tDirection

o
i

M.

z

.

X

M,

Moment Loads

(b) Seventy-five percent of the throtigh-wall bending
stresses in both the axial and thé.circumferential direc-
tions shall be classified as primary (P,). The remaining
25% shall be classified as_sécondary (Q). The stresses
induced by displacentent controlled in-plane or
out-of-plane moments-shall be classified as secondary (Q).

NB-3686 Flexibitity Factors [See NB-3682(c) for
Definition]

NB-3686-1 Straight Pipe. For M = M; or M;(see
Figure NB-3686.1-1):

k= 10

Ml
Oom = —
nom EI

For M = M3 (see Figure NB-3686.1-1):

k=10
Ml
nom — G_]

«— nDirection
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N

Round Cross Section

\

Out-of-Round Cross Section

where
E = modulus of elasticity, psi (MPa)
G = shear modulus, psi (MPa)
I = plane moment of inertia, in.* (mm*)
] = polar moment of inertia, in.* (mm*)
| = one pipe diameter, in. (mm)

NB-3686.2 Curved Pipe and Welding Elbows. The flex-
ibility of a curved pipe or welding elbow is reduced by end
effects, provided either by the adjacent straight pipe, or by
the proximity of other relatively stiff members that inhibit
ovalization of the cross section. In certain cases, these end
effects may also reduce the stress. The flexibility factors
may be calculated by the equations given below for k,
provided that:

(a) R/r is not less than 1.7;

(b) center line length Ra is greater than 2r;

(c) there are no flanges or other similar stiffeners
within a distance r from either end of the curved
section of pipe or from the ends of welding elbows.
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Figure NB-3686.1-1

b w,

\\L—Q—b

——
/

AN My

For M; or M; (see Figure NB-3686.2-1):
1.65

h

1
1 + (Pr/tE)X

but not less than 1.0, and

R A
Hnom = E . M(da)

For M3 (see Figure NB-3686.2-1):

k=10
A
R
Ophom = —/ M(da)
GJ o
In both cases

= total angle of curved pipe or welding elbow, rad
= modulus of elasticity, psi (MPa)

= shear modulus of elasticity;<psi (MPa)

= tR/r?

plane moment of inertidof cross section, in.* (mm®)
= polar moment of inextia of cross section, in.* (mm*)
= internal pressure)psi (MPa)

= bend radius, in. (mm)

= pipe or elbow mean radius, in. (mm)

= pipe or €lbow nominal wall thickness, in. (mm)

6(1’/t)4/3(R/r)1/3
arc angle, rad

& Y W V-~ T
It

2
1

a

NB-<3686.3 Miter Bends. The requirements of
NB-3681(d) apply.

NB-3686.4 Welding Tee or Branch Connections. For
welding tees (ASME B16.9) or branch connections (see
NB-3643) not included in NB-3686.5, the load displace-
ment relationships shall be obtained by assuming that the
run pipe and branch pipe extend to the intersection of the
run pipe center line with the branch pipe center line. The

imaginary juncture is to be assumed rigid, and the
imaginary length of branch pipe from the juncture to
the run pipe surface is also to be assumed rigid.

NB-3686.5 Branch Connections in Straight Pipe. (For
branch connections in straight pipe meeting the dimen-
sional limitations of NB-3683.8.) The load displacement
relationships may be obtained by modeling the branch
connections in the piping system analysis (see
NB-3672) as shown in (a) through (d) below..(see
Figure NB-3686.5-1.)

(a) The values of k are given below.

For M,s:

k = 0.1 (D/T) (T, /t)(d/D) (T T)
For M,s:

k=02 (D/I;)[(T,/tn)(d/D)]l/z(T’b/Tr)

where
D = run pipecutside diameter, in. (mm)
d = branchspipe outside diameter, in. (mm)
E = modulus of elasticity, psi (MPa)

I, = miement of inertia of branch pipe, in.* (mm®) (to be
calculated using d and T')

M.= M,3 or M,3, as defined in NB-3683.1(d)

T, = run pipe wall thickness, in. (mm)

¢ = rotation in direction of moment, rad

(b) Forbranch connections per Figure NB-3643.3(a)-1,
sketches (a) and (b):

1
L= T, if L > 05[(2r + Th)Th]/2

,,
Il

1
T, if L < 0.5[(2r + T;,)Tl,]/2

Figure NB-3686.2-1
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(c) Forbranch connections per Figure NB-3643.3(a)-1,
sketch (c):

t, = Ty + (%)y if 6, < 30deg

T, + 0.385L; if 6, > 30deg
(d) Forbranch connections per Figure NB-3643.3(a)-1,
sketch (d):

t, = T/b =T
NB-3686.6 Reducers.

(a) The reducer flexibility can be accurately repre-
sented by modeling a section of large-end diameter
pipe rigidly connected to a section of small-end diameter
pipe at the midpoint of the reducer as per Figure
NB-3686.6-1.

(b) Where the ratio D,/t, > S5, additional flexibility
should be considered. If the geometry requirements of
NB-3683.6(d) are met, the reducer flexibility may be
adjusted by applying the flexibility factor, k, below:

0.24 0. —0.66
k = 02(Dy/t)"**a%* (1 /1)
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NB-3690 DIMENSIONAL REQUIREMENTS FOR
PIPING PRODUCTS

NB-3691 Standard Piping Products

Dimensions of standard piping products shall comply
with the standards and specifications listed in Table
NCA-7100-1. However, compliance with these standards
does not replace or eliminate the requirements: of
NB-3625.

NB-3692 Nonstandard Piping Products

The dimensions of nonstandard pipjtig-products shall
be such as to provide strength and, performance as
required by this Subsection. Nonstandard piping products
shall be designed in accordance.with NB-3640.
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Figure NB-3686.5-1
Branch Connections in Straight Pipe

Element of negligible length
with local flexibility for

Mx3 and Mz3 such that ¢
across the element is equal
—
Branch to kMd /El,

AJ
1
Rigi
Run ‘t\L igid length
\Q\ Rigid juncture

Figure NB-3686.6-1
Reducers

O

Larger pipe modeled to/ Sm_aller_pipe modeled to
midpoint of reducer midpoint of reducer

Midpoint of reducer
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ARTICLE NB-4000
FABRICATION AND INSTALLATION

NB-4100 GENERAL REQUIREMENTS
NB-4110 INTRODUCTION

Components, parts, and appurtenances shall be fabri-
cated and installed in accordance with the requirements of
this Article and shall be manufactured from materials that
meet the requirements of Article NB-2000.

NB-4120 CERTIFICATION OF MATERIALS AND
FABRICATION BY CERTIFICATE HOLDER

NB-4121 Means of Certification

The Certificate Holder for an item shall certify, by appli-
cation of the appropriate Certification Mark and comple-
tion of the appropriate Data Report in accordance with
Article NCA-8000, that the materials used comply with
the requirements of Article NB-2000 and that the fabrica-
tion or installation complies with the requirements of this
Article.

NB-4121.1 Certification of Treatments, Tests, and
Examinations. If the Certificate Holder or Subgentractor
performs treatments, tests, repairs, or examinations
required by other Articles of this Subsection, the Certifi-
cate Holder shall certify that this requirement has been
fulfilled (see NCA-1224 and NCA“1225, or NCA-8410).
Reports of all required treatments and of the results of
all required tests, repairs, and\eXaminations performed
shall be available to the Inspéctor.

NB-4121.2 Repetition of Tensile or Impact Tests. If
during the fabrication/or installation of the item the mate-
rial is subjected. to' heat treatment that has not been
covered by treratment of the test coupons (see
NB-2200) andthat may reduce either tensile or impact
properties‘below the required values, the tensile and
impact tests shall be repeated by the Certificate Holder
on._test specimens taken from test coupons that have
been taken and treated in accordance with the require-
ments of Article NB-2000.

NB-4121.3 Repetition of Surface Examination After
Machining. If, during the fabrication or installation of
an item, materials for pressure-containing parts are
machined, then the Certificate Holder shall reexamine
the surface of the material in accordance with
NB-2500 when:
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(a) the surface was required to be examined by the
magnetic particle or liquid penetrant method in accor-
dance with NB-2500; and

(b) the amount of material removed from the surface
exceeds the lesser of % in. (3 mm) or10% of the minimum
required thickness of the part:

NB-4122 Material Identification

(a) Material for pressure-retaining parts shall carry
identification matkings that will remain distinguishable
until the companent is assembled or installed. If the
original identification markings are cut off or the material
is divided;~the marks shall either be transferred to the
parts cit.or a coded marking shall be used to ensure iden-
tification of each piece of material during subsequent
fabrication or installation. In either case, an as-built
sketch or a tabulation of materials shall be made identi-
fying each piece of material with the Certified Material
Test Report, where applicable, and the coded marking.
For studs, bolts, nuts, and heat exchanger tubes it is
permissible to identify the Certified Material Test
Reports for material in each component in lieu of identi-
fying each piece of material with the Certified Material
Test Report and the coded marking. Material supplied
with a Certificate of Compliance, and welding and
brazing material, shall be identified and controlled so
that they can be traced to each component or installation
of a piping system, or else a control procedure shall be
employed that ensures that the specified materials are
used.

(b) Material from which the identification marking is
lost shall be treated as nonconforming material until
appropriate tests or other verifications are made and
documented to ensure material identification. Testing
is required unless positive identification can be made
by other documented evidence. The material may then
be re-marked upon establishing positive identification.

NB-4122.1 Marking Material. Material shall be marked
in accordance with NB-2150.

NB-4123 Examinations

Visual examination activities that are not referenced for
examination by other specific Code paragraphs, and are
performed solely to verify compliance with requirements
of Article NB-4000, may be performed by the persons who
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perform or supervise the work. These visual examinations
are notrequired to be performed by personnel and proce-
dures qualified to NB-5500 and NB-5100, respectively,
unless so specified.

NB-4125 Testing of Welding and Brazing Material

All welding material shall meet the requirements of
NB-2400. All brazing material shall meet the requirements
of NB-4512.

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

Material originally accepted on delivery in which
defects exceeding the limits of NB-2500 are known or
discovered during the process of fabrication or installa-
tion is unacceptable. The material may be used provided
the condition is corrected in accordance with the require-
ments of NB-2500 for the applicable product form, except:

(a) the limitation on the depth of the weld repair does
not apply;

(b) the time of examination of the weld repairs to weld
edge preparations shall be in accordance with NB-5130;

(c) radiographic examination is not required for weld
repairs to seal membrane material when the material
thickness is %, in. (6 mm) or less.

NB-4132 Documentation of Repair Welds of Base
Material

The Certificate Holder who makes a repair weéld
exceeding in depth the lesser of % in. (10 mm) or. 10%
of the section thickness, shall prepare a report that
shall include a chart that shows the location\dnd size
ofthe prepared cavity, the welding materialidentification,
the welding procedure, the heat treatment, dnd the exam-
ination results of repair welds.

NB-4200 FORMING, FITTING, AND ALIGNING

NB-4210 CUTTING, FORMING, AND BENDING
NB-4211 Cutting

Materials may.be cut to shape and size by mechanical
means, such asanachining, shearing, chipping, or grinding,
or by thermal cutting.

NB-4211.1 Preheating Before Thermal Cutting. When
therimal cutting is performed to prepare weld joints or
edges, to remove attachments or defective material, or
for any other purpose, consideration shall be given to
preheating the material, using preheat schedules such
as suggested in Section III Appendices, Nonmandatory
Appendix D.
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NB-4212 Forming and Bending Processes

Any process may be used to hot or cold form or bend
pressure-retaining material (see NB-4223), including
weld metal, provided the required dimensions are
attained (see NB-4214 and NB-4220), and provided
the impact properties of the material, when required,
are not reduced below the minimum specified values,
or they are effectively restored by heat treatment
following the forming operation. Hot forming is defined
as forming with the material temperature higher than
100°F (56°C) below the lower transformation-tempera-
ture of the material. When required, the process shall
be qualified for impact properties.as,;outlined in
NB-4213. When required, the process Shall be qualified
to meet thickness requirements as qutlined in NB-4223.1.

NB-4213 Qualification of Forming Processes for
Impact Property Requirements

A procedure qualification test shall be conducted using
specimens taken fronrmaterial of the same specification,
grade or class, heat*treatment, and with similar impact
properties, asxequired for the material in the component.
These spedimens shall be subjected to the equivalent
forming0xr, bending process and heat treatment as the
material*in the component. Applicable tests shall be
conducted to determine that the required impact proper-
ties of NB-2300 are met after straining.

NB-4213.1 Exemptions. Procedure qualification tests
are not required for materials listed in (a) through (f)
below:

(a) hot formed material, such as forgings, in which the
hot forming is completed by the Material Organization
prior to removal of the impact test specimens;

(b) hot formed material represented by test coupons
that have been subjected to heat treatment representing
the hot forming procedure and the heat treatments to be
applied to the parts;

(c) material that does not require impact tests in accor-
dance with NB-2300;

(d) material that has a final strain less than 0.5%;

(e) material where the final strain is less than that of a
previously qualified procedure for that material;

(f) material from which the impact testing is required
by NB-2300 is performed on each heat and lot, as appli-
cable, after forming.

NB-4213.2 Procedure Qualification Test. The proce-
dure qualification test shall be performed in the
manner stipulated in (a) through (f) below.

(a) The tests shall be performed on three different
heats of material both before straining and after straining
and heat treatment to establish the effects of the forming
and subsequent heat treatment operations.
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(b) Specimens shall be taken in accordance with the
requirements of Article NB-2000 and shall be taken
from the tension side of the strained material.

(c) The percent strain shall be established by the
following equations.

For cylinders:

ot R
% strain = o0 1 - —f
RO
For spherical or dished surfaces:
R
% strain = 7t 1 - —f
Rf R,
For pipe:
1
% strain = 00r
where
R = nominal bending radius to the center line of the

pipe

Ry = final radius to center line of shell

R, = original radius (equal to infinity for a flat part)
r = nominal radius of the pipe
t = nominal thickness

(d) The procedure qualification shall simulate the
maximum percent surface strain, employing a bending
process similar to that used in the fabrication of the mate-
rial or by direct tension on the specimen.

(e) Sufficient C, test specimens shall be taken fronm€ach
ofthe three heats of material to establish a transitioncurve
showing both the upper and lower shelves. On each of the
three heats, tests consisting of three impact specimens
shall be conducted at a minimum of five different tempera-
tures distributed throughout the transition region. The
upper and lower shelves may be<established by the
use of one test specimen for each shelf. Depending on
the product form, it may be necessary to plot the transition
curves using both lateral expansion and energy level data
(see NB-2300). In addition, drop weight tests shall be
made when required’by NB-2300.

(f) Using the results of the impact test data from each of
three heats, takén both before and after straining, deter-
mine either:

(1) -themaximum change in NDT temperature along
with:
(-a) the maximum change oflateral expansion and
energy at the temperature under consideration; or
(-b) the maximum change of temperature at the
lateral expansion and energy levels under consideration;
or
(2) when lateral expansion is the acceptance
criterion (see NB-2300), either the maximum change in
temperature or the maximum change in lateral expansion.
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NB-4213.3 Acceptance Criteria for Formed Material.
To be acceptable, the formed material used in the compo-
nent shall have impact properties before forming suffi-
cient to compensate for the maximum loss of impact
properties due to the qualified forming processes used.

NB-4213.4 Requalification. A new procedure qualifi-
cation test is required when any of the changes in (a);
(b), or (c) below are made.

(a) The actual postweld heat treatment time at
temperature is greater than previously qualified consid-
ering NB-2211.Ifthe material is not postweld heat treated,
the procedure must be qualified without.postweld heat
treatment.

(b) The maximum calculated strain of the material
exceeds the previously qualified'stfain by more than 0.5%.

(c) Preheat over 250°F (120°C) is used in the forming
or bending operation but not followed by a subsequent
postweld heat treatmént,

NB-4214 Minimum Thickness of Fabricated
Material

If any fabrieation operation reduces the thickness below
the minimum required to satisfy the rules of
Article NB-3000, the material may be repaired in accor-
dance with NB-4130.

NB-4220 FORMING TOLERANCES
NB-4221 Tolerance for Vessel Shells

Cylindrical, conical, or spherical shells of a completed
vessel, except formed heads covered by NB-4222, shall
meet the requirements of the following subparagraphs
at all cross sections.

NB-4221.1 Maximum Difference in Cross-Sectional
Diameters. The difference in in. (mm) between the
maximum and minimum diameters at any cross
section shall not exceed the smaller of

(U.S. Customary Units)

D + 50
—— a
200

(51 Units)
D + 1250
200

D
and —
100

where D is the nominal inside diameter, in. (mm), at the
cross section under consideration. The diameters may be
measured on the inside or outside of the vessel. If
measured on the outside, the diameters shall be corrected
for the plate thickness at the cross section under consid-
eration (see Figure NB-4221.1-1). When the cross section
passes through an opening, the permissible difference in
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Figure NB-4221.1-1
Maximum Difference in Cross-Sectional Diameters

inside diameters given herein may be increased by 2% of
the inside diameter of the opening.

NB-4221.2 Maximum Deviation From True Theoretical
Form for External Pressure. Vessels designed for external
pressure shall meet the tolerances given in (a) through (c)
below.

(a) The maximum plus or minus deviation from the
true circular form of cylinders or the theoretical form
of other shapes, measured radially on the outside or
inside of the component, shall not exceed the
maximum permissible deviation obtained from
Figure NB-4221.2(a)-1. Measurements shall be made
from a segmental circular template having the design

inside or outside radius depending on where the measure-
ments are taken and a chord length equal to twice the arc
length obtained from Figure NB-4221.2(a)-2. For Figure
NB-4221.2(a)-1, the maximum permissible deviation e
need not be less than 0.3t. For Figure NB-4221.2(a)-2,
the arc length need not be greater than 0.30D,. Measure-
ments shall not be taken on welds or other raised parts.

(b) The value of ¢, in. (mm), at any cross section is the
nominal plate thickness less corrosion allowance<or
sections of constant thickness and the nominal thickness
of the thinnest plate less corrosion allowance for;sections
having plates of more than one thickness.

(c) The value of L in Figures NB-4221,2(a)-1 and
NB-4221.2(a)-2 is determined by (1) through (3) below.

(1) For cylinders, L is as givenrin NB-3133.2.

(2) For cones, L is the axial length of the conical
section if no stiffener rings.are used or, if stiffener
rings are used, the axial lerigth from the head bend
line at the large end of the“cone to the first stiffener
ring, with D, taken as.the outside diameter in inches
of the cylinder at thexlarge end of the cone.

(3) For spheres;-L is one-half of the outside diameter
D,, in.

Figure NB-4221.2(a)-1
Maximum Permissible Deviation e From a True Circular Form

1,000

900
800

700

600

500

/

400

/

300

\
—

200

|/
aara,

100

80

70
60

Outside Diameter + Thickness, D, /¢

50

[/

40

30

25

0.10 0.2

03 04 0506 0.8 1.0

2 3 4 5 6 7 8910

Design Length + Outside Diameter, L/D,

128



https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NB (ASME BPVC Section III Div 1 NB Class 1) 2025.pdf

ASME BPVC.IIL.1.NB-2025

Figure NB-4221.2(a)-2
Maximum Arc Length for Determining Plus or Minus Deviation
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NB-4221.3 Deviations From Tolerances. Deviations (U.S. Customary Units)
from the tolerance requirements stipulated in
NB-4221.1 and NB-4221.2 are pefmitted, provided the D + 50 D+ 12
drawings are modified and reconciled with the Design 200 and 100
Report (NCA-3211.40) and previded the modifications
are certified by a Certifying’Engineer in an addendum (SI Units)
to the Design Report.
NB-4221.4 Tolerance Deviations for Vessel Parts D + 1250 D + 300
Fabricated From Pipe. Vessel parts subjected to either 200 100

internal or external pressure and fabricated from pipe,
meeting all-other requirements of this Subsection, may
have variations of diameter and deviations from circu-
larity .permitted by the specification for such pipe.

NB-4222 Tolerances for Formed Vessel Heads

The tolerance for formed vessel heads shall be as set
forth in the following subparagraphs.

NB-4222.1 Maximum Difference in Cross-Sectional
Diameters. The skirt or cylindrical end of a formed
head shall be circular to the extent that the difference
in inches between the maximum and minimum diameters
does not exceed the lesser of
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where D is the nominal inside diameter, in. (mm), and shall
match the cylindrical edge of the adjoining part within the
alignment tolerance specified in NB-4232.

NB-4222.2 Deviation From Specified Shape.

(a) The inner surface of a torispherical or ellipsoidal
head shall not deviate outside the specified shape by
more than 1%,% of D, inside the specified shape by
more than %% of D, where D is the nominal inside
diameter of the vessel. Such deviations shall be measured
perpendicular to the specified shape and shall not be
abrupt. The knuckle radius shall not be less than specified.
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Table NB-4232-1
Maximum Allowable Offset in Final Welded Joints

Direction of Joints

Section Thickness, in. (mm) Longitudinal Circumferential
Up to % (13), incl. Yut Yat
Over Y to %, (13 to 19), incl. % in. (3 mm) Yt
Over %, to 1% (19 to 38), incl. % in. (3 mm) %6 in. (5 mm)
Over 1% to 2 (38 to 50), incl. % in. (3 mm) Yt

Over 2 (50)

Lesser of Y4t or % in. (10 mm)

Lesser of %t or %, in. (19 mm)

For 2:1 ellipsoidal heads, the knuckle radius may be
considered to be 17% of the diameter of the vessel.

(b) Hemispherical heads and any spherical portion of a
formed head shall meet the local tolerances for spheres as
givenin NB-4221.2,using L as the outside spherical radius,
in,, and D, as two times L.

(c) Deviation measurements shall be taken on the
surface of the base material and not on welds.

NB-4223 Tolerances for Formed or Bent Piping

The tolerances for formed or bent piping shall be as set
forth in the following subparagraphs.

NB-4223.1 Minimum Wall Thickness. In order to
ensure that the wall thickness requirements of the
design calculations are met, the actual thickness shall
be measured, or the process shall be qualified by demon-
strating that it will maintain the required wall thickness:

NB-4223.2 Ovality Tolerance. Unless otherwise. justi-
fied by the Design Report, the ovality of piping‘after
bending shall not exceed 8% as determined by

100 X (Dmax - Dmin)/Do
where
D, = nominal pipe outside didmeter
Dpin = minimum outside diameter after bending or
forming
Dmax = maximum outside diameter after bending or
forming

NB-4230 FITTING AND ALIGNING
NB-4231° Fitting and Aligning Methods

Pdrts'that are to be joined by welding may be fitted,
aligned, and retained in position during the welding
operation by the use of bars, jacks, clamps, tack welds,
or temporary attachments.

NB-4231.1 Tack Welds. Tack welds used to secure
alignment shall either be removed completely, when
they have served their purpose, or their stopping and
starting ends shall be properly prepared by grinding
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or other suitable means so that they may be satisfactorily
incorporated into the final weld. Tack welds shall be made
by qualified welders using qualified(welding procedures.
When tack welds are to become part of the finished weld,
they shall be visually examined-and defective tack welds
shall be removed.

NB-4232 Alignment-Requirements When
Components Are Welded From Two Sides

(a) Alignment.of sections that are welded from two
sides shall be siich that the maximum offset of the finished
weld will'not be greater than the applicable amount listed
in Table"NB-4232-1, where t is the nominal thickness of
the ‘thinner section at the joint.

(b) Joints in spherical vessels, joints within heads, and
joints between cylindrical shells and hemispherical heads
shall meet the requirements in Table NB-4232-1 for lon-
gitudinal joints.

(c) In addition, offsets greater than those stated in
Table NB-4232-1 are acceptable provided the require-
ments of NB-3200 are met.

NB-4232.1 Fairing of Offsets. Any offset within the
allowable tolerance provided above shall be faired to
at least a 3:1 taper over the width of the finished weld
or, if necessary, by adding additional weld metal
beyond what would otherwise be the edge of the weld.
In addition, single or multiple tapers or slopes more
severe than 3:1 are acceptable, provided the requirements
of NB-3200 are met.

NB-4233 Alignment Requirements When Inside
Surfaces Are Inaccessible

(a) When the inside surfaces of items are inaccessible
for welding or fairing in accordance with NB-4232, align-
ment of sections shall meet the requirements of (1) and (2)
below:

(1) See (-a) and (-b) below.

(-a) For circumferential joints the inside
diameters shall match each other within ¥ in. (1.5
mm). When the items are aligned concentrically, a
uniform mismatch of %, in. (0.8 mm) all around the
joint can result as shown in Figure NB-4233(a)-1,
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Figure NB-4233(a)-1
Butt Weld Alignment and Mismatch Tolerances for
Unequal I.D. and 0.D. When Components Are Welded
From One Side and Fairing Is Not Performed

1/35 in. (0.8 mm) maximum uniform
mismatch around joint

Pipe centerline
t

1N\

t = nominal thickness, in. %
(a) Concentric Centerlines
3/35 in. (2.5 mm) maximum at any
one point around the joint

_ Pipe centerline

Component centerline

Component'centerline

(b) Offset Centerlines %% E

GENERAL NOTE: The weld end transitions are typical and are not
intended as requirements. Refer to NB-4250 for weld end transition
requirements.
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sketch (a). However, other variables not associated with
the diameter of the item often result in alignments that are
offset rather than concentric. In these cases, the maximum
misalignment at any one point around the joint shall not
exceed ¥, in. (2.5 mm) as shown in Figure NB-4233(a)-1,
sketch (b). Should tolerances on diameter, wall thickness,
out-of-roundness, etc., result in inside diameter variations
that do not meet these limits, the inside diameters shall be
counterbored, sized, or ground to produce a bor€ within
these limits, provided the requirements of NB<4250 are
met.

(-b) Offset of outside surfaces shall be faired to at
least a 3:1 taper over the width of the finished weld or, if
necessary, by adding additional weld“metal.

(2) Forlongitudinal joints the niisalignment of inside
surfaces shall not exceed %, in\(2:5 mm) and the offset of
outside surfaces shall be faired to at least a 3:1 taper over
the width of the finished Weld or, if necessary, by adding
additional weld metal,

(b) Single-welded\joints may meet the alignment re-
quirements of (a)(1) and (a)(2) above in lieu of the re-
quirements,of NB-4232.

(c) In addition, misalignments and offsets greater than
those stated in Figure NB-4233(a)-1 and single or multiple
tapers, or slopes more severe than 3:1 are acceptable
provided the requirements of NB-3200 are met.

NB-4240 REQUIREMENTS FOR WELD JOINTS IN
COMPONENTS

NB-4241 Category A Weld Joints in Vessels and
Longitudinal Weld Joints in Other
Components

Category A weld joints in vessels and longitudinal weld
joints in other components shall be full penetration butt
joints. Joints that have been welded from one side with
backing that has been removed and those welded from
one side without backing are acceptable as full penetra-
tion welds provided the weld root side of the joints meets
the requirements of NB-4424.

NB-4242 Category B Weld Joints in Vessels and
Circumferential Weld Joints in Other
Components

Category B weld joints in vessels and circumferential
weld joints in other components shall be full penetration
butt joints, except that piping NPS 2 (DN 50) and smaller
may be socket welded. When used, backing strips shall be
continuous in cross section. Joints prepared with opposing
lips to form an integral backing strip and joints with
backing strips that are not later removed are acceptable
provided the requirements of NB-3352.2 are met.
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NB-4243 Category C Weld Joints in Vessels and
Similar Weld Joints in Other Components

Category C weld joints in vessels and similar weld joints
in other components shall be full penetration joints, except
that NPS 2 (DN 50) and smaller socket welded joints may
be used on component nozzles and in piping. If a full pene-
tration weld is used, the joint shall be either a corner joint
as shown in Figure NB-4243-1 or a butt joint. Joints that
have been welded from one side with backing that has
been removed and those welded from one side
without backing are acceptable as full penetration
welds provided the weld root side of the joints meets
the requirements of NB-4424.

NB-4244 Category D Weld Joints in Vessels and
Similar Weld Joints in Other Components

Category D weld joints in vessels and similar weld joints
in other components shall be full or partial penetration
weld joints using one of the details of (a) through (e)
below.

(a) Butt-Welded Nozzles. Nozzles shall be attached by
full penetration butt welds through the wall of the compo-
nent, nozzle, or branch as shown in Figure NB-4244(a)-1.
Backing strips, if used, shall be removed.

(b) Corner-Welded Nozzles. Nozzles shall be joined to
the component by full penetration welds through the
wall of the component, nozzle, or branch similar to
those shown in Figure NB-4244(b)-1. Backing strips, if
used, shall be removed.

(c) Deposited Weld Metal of Openings for NozZles.
Nozzles shall be joined to the component by full penetra-
tion welds to built-up weld deposits applied to the'compo-
nent or nozzle as shown in Figure NB-4244(¢)-1. Backing
strips, if used, shall be removed. Fillet welds shall be used
only to provide a transition between the ‘parts joined or to
provide a seal. The fillet welds,, wien used, shall be
finished by grinding to provide-a smooth surface
having a transition radius at'its intersection with
either part being joined.

(d) Partial Penetrationdelded Nozzles. Partial penetra-
tion welds in components shall meet the weld design re-
quirements of NB-3352.4(d). Nozzles shall be attached as
shown in Figures/NB-4244(d)-1 and NB-4244(d)-2.

(e) Oblique-Nozzles. Oblique nozzles shall be joined to
the component by full penetration welds through the
nozzle \as shown in Figure NB-4244(e)-1. Backing
rings;nifiused, shall be removed.

NB=4245 Complete Joint Penetration Welds

Complete joint penetration is considered to be achieved
when the acceptance criteria for the examinations speci-
fied by this Subsection have been met. No other examina-
tion is required to assess that complete penetration has
been achieved.
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NB-4246 Piping Branch Connections

Piping branch connections shall be welded joints using
the details of (a), (b), or (c).

(a) Full Penetration Welded Branch Connections.
Branch connections shall be joined by full penetration
welds as shown in Figure NB-4246(a)-1 meeting the
following requirements:

(1) Backing strips if used shall be removed.
(2) The requirements of NB-3683.8(a) shall be.met.

(b) Fillet and Partial Penetration Welded Branch
Connections. Fillet and partial penetration\welded
branch connections shall meet the requirements of
NB-3661.3. Branch connections shall be-attached as
shown in Figure NB-4246(b)-1.

(c) Welded Branch Connections per NB-4244. Welded
connections per NB-4244 are permitted; however, the
stress indices of NB-3683.8 aresipt applicable to all config-
urations.

NB-4250 WELDING-END TRANSITIONS —
MAXIMUM ENVELOPE

The weldingrends of items shall provide a gradual
change in thickness from the item to the adjoining
item. Any.welding end transition that lies entirely
withjn the envelope shown in Figure NB-4250-1 is accept-
able) provided

(a) the wall thicknessin the transition region is notless
than the minimum wall thickness of the adjoining pipe;

(b) sharp reentrant angles and abrupt changes in slope
in the transition region are avoided. When the included
angle between any two adjoining surfaces of a taper tran-
sition is less than 150 deg, the intersection or corner
(except for the weld reinforcement) shall be provided
with a radius of at least 0.05¢t,,;,;

(c) if the weld is subject to preservice inspection and if
counterboring is performed, the length of the counterbore
shall be a minimum of 2¢,,,;, for pipe and a minimum of t,;,,
for components and fittings, as shown in Figure
NB-4250-2 or Figure NB-4250-3.

(d) Items subject to preservice MANDE (Section XI,
Division 2) shall be configured in such a manner that
all requirements for MANDE in the Design Specification
can be met.

(e) Transitions more severe than those stated herein
are acceptable provided the requirements of NB-3200
are met.

NB-4300 WELDING QUALIFICATIONS

NB-4310 GENERAL REQUIREMENTS
NB-4311 Types of Processes Permitted

Only those welding processes that are capable of produ-
cing welds in accordance with the welding procedure
qualification requirements of Section IX and this
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Figure NB-4243-1
Acceptable Full Penetration Weld Details for Category C Joints (NB-3352.3)

(c)

Type 1 Corner Welds

0.25t,, but not
less than 1/4 in. (6 mm)
the minimum for |

either leg

(d) (e) ()

Type 2 Corner Welds

133



https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NB (ASME BPVC Section III Div 1 NB Class 1) 2025.pdf

ASME BPVC.IIL1.NB-2025

Figure NB-4244(a)-1

Nozzles Joined by Full Penetration Butt Welds

45 deg max.
30 deg max.

1
I
"2 | ty 1
I
|

11/,t min.
(a) (b)

A
o
45 deg max.
r

30 deg max.

1

| r.
g 2

1

1

|

Section A-A

30 deg max. |
A

Sections perpendicular and parallel to the
cylindrical axis of the component

(d)

GENERAL NOTES:
(a) For definitions of symbols, see NB-3352.4(a).
(b) Reinforcement may be distributed withinsthe limits prescribed by the Code.
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3/4in. (19\mm) R min.

r —>| |<— t,
30 deg min.

1/5in. (13 mm)

2 NV o+t < @28 but
aq. ¥, < 18.5 deg

(c)

[

Backing ring,
if used, shall
be removed

3/4in. (19 mm) Rmin.—, | -------
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Figure NB-4244(b)-1
Nozzles Joined by Full Penetration Corner Welds

Backing ring, ’<—>’7t,, Hitn

if used, shall
be removed

Backing ring,
if used, shall t,
be removed >/

e

L+ N7
(c) (d)
-
te L— Backing ring,
| if used, shall
ry be removed
(e)

\/ :.,'.:

Section A-A

Sections perpendicular and parallel to the
cylindrical axis of the component

(g)

GENERAL-NOTE: For definitions of symbols, see NB-3352.4(b).
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Figure NB-4244(c)-1

Deposited Weld Metal Used as Reinforcement of Openings for Nozzles

Step 1

{

}
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N

Step 1

r
Step 1

GENERAL NOTES:

(a) For definitions of symbaols, see NB-3352.4(c).

3/4in. (19 mm)

3

~———
~

(a) Step 2
3,in. (19 mm) Nw*‘
min. .
—_— tn
I
t
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P N
I
I
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3/4in_. (19 mm) o« Backing ring,
min. ot if used, shall
t¢ ¢ I be removed
Y |- — — — — I
{ <Y
R "
1
(c) Step 2
8/,in. (19 mm) ¢ P Backing ring,
min [ if used, shall
t | be removed
|
B 1
/
f " —]
(d) Step 2

(b) At Step 1 examination (see NB-5244) required before assembly.
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Figure NB-4244(d)-1
Partial Penetration Nozzles

n

5 —4+-4+—-—-

1.25t, min.

(a)

1/16 in. (1.5 mm) min. x 45 deg chamfer

1.25¢, min.

t, —>|
1 Weld buildup added, d
when required, to meet
reinforcement limitations (d)
[Notes (2) and (3)]

t
1 t,
- Axdy min
3/at, min. ‘\ BN :
[Note (1)] AN ¢
Iy \\ N
e

3/4t, min.
[Note (1)]

GENERAL NOTE: For definitions of symbolstand other related requirements, see NB-3352.4(d).

NOTES:

(1) The %,t, min. dimension applie torthe fillet leg and the J-groove depth.
(2) Weld buildup, if used, shall berexamined as required in NB-5244.

(3) Weld buildups are not attached to the nozzle.
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— 11/2t, min.
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Figure NB-4244(d)-2
Partial Penetration Nozzle for Coaxial Cylinders
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Figure NB-4244(e)-1
Oblique Connections

t
[ Backing strip,
O . if used, shall

2 bedremoved
Step 1

-t

Step 1 Step 2
(e)

GENERAL NOTES:

(a) Step 1 examination required before assembly.
(b) For definitions of symbols, see NB-3352.4(e).
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Figure NB-4246(a)-1
Typical Piping Branch Connections Joined by Full Penetration Welds

r3
: NOTE: Alternate weld locations
—14/ \<— 45 deg max for sketches (a)—(e).

ry

8%, 4

2 |

(a)

|AA_7A r. |AA_/ I3

3
I / I /
— 0, = 90 deg 0, = 45 deg max:
I r ! r
(b) (c)

r

(d) (e)

GENERAL NOTE: Welds may be made from one or both sides in any of the locations shown.
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Figure NB-4246(b)-1
Typical Piping Branch Connections Joined by a Fillet Weld or a Partial Penetration Weld

~— ~— ~—

Tp Ty Ty ~ T

1 1 4 1

T I 1 | !

] g o i [ ] i o o o |

(a) (b) (c) (d)

>

T, = Nominal branch pipe wall thickness
Xmin = 14T}
0 = Partial penetration weld groove angle = 45.deg

ASME B16.11 Coupling Welded Outlet Fitting

Sl X

] e o

(e) (f)

T, = Fitting wall thickness in the reinforcement zone
(when the fitting is tapered in the reinforcement
zone, use average wall thickness)

Xenin = 14Ty
0 = Partial penetration weld groove angle = 45 deg;
0 = 90 deg (fillet weld) is permitted
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Figure NB-4250-1
Welding End Transitions — Maximum Envelope

2 11/Zl‘min

Outside

| — Radius of at least 0.05¢y,,

45 deg max. Radius not mandatory

30 deg max.

Component or Fitting

Maximum [Note (1)]
Minimum (1.0t;,)

Note (2)
Maximum slope 1:3
Radius of at least’0.05¢,,;,

Inside
| 2tmin

Transition region

GENERAL NOTES:
(a) Weld bevel is shown for illustration only.
(b) The weld reinforcement.pérmitted by NB-4426 may lie outside the maximum envelope.

NOTES:
(1) The maximum thickiiess at the end of the component is:
(a) the greater-of t.,;, + 0.15 in. (3.8 mm) or 1.15¢t,,;, when ordered on a minimum wall basis;
(b) the.greater of t.;, + 0.15 in. (3.8 mm) or 1.0t,,,, when ordered on a nominal wall basis.
(2) The valuevof t;, is whichever of the following is applicable:
(aj. the minimum ordered wall thickness of the pipe;
(£)10.875 times the nominal wall thickness of pipe ordered to a pipe schedule wall thickness that has an under tolerance of 12.5%;
(¢) the minimum ordered wall thickness of the cylindrical welding end of a component or fitting (or the thinner of the two) when the joint is
Between two components.
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Figure NB-4250-2
Component to Pipe Weld

Profile of valve, pump,
nozzle, or fitting where
applicable

Obstruction

Blend flush or smooth

< See NB-4424.2(a)

tmin

min

GENERAL NOTE:
(a)
(b)
(9
(d)
(e)

The counterbore length shown is a minimum requirement.

A4

min cOunterbore ——>

The counterbore is not required to be parallel to the pipe 0.D., provided ‘that all other requirements of Figure NB-4250-2 are met.
The wall thickness in the counterbore area shall be a minimum of t,,;, as defined in Figure NB-4250-1.

Cross-hatched area represents allowable weld profile after grinding/weld conditioning.
Obstruction refers to hangers, lugs, trunnions, welded attachmetfits, branch connections, or any other item that could interfere with the

coverage required for volumetric preservice or inservice examination or MANDE of the weld. Distances indicated are from the edge of the

weld to the closer edge of the obstruction.

®

the weld toe shall be maintained on both edges of-the/weld.

Subsection may be used for welding ‘pressure-retaining
material or attachments thereto."Any process used
shall be such that the records)required by NB-4320
can be prepared, except that records for stud welds
shall be traceable to the welders and welding operators
and not necessarily to_each specific weld.

NB-4311.1 Stud.Welding Restrictions. Stud welding is
acceptable only for nonstructural and temporary attach-
ments (see NB-4435). Studs shall be limited to 1 in. (25
mm) maximum diameter for round studs and an equiva-
lent crosstsectional area for studs of other shapes when
welding in the flat position and %, in. (19 mm) diameter for
all'other welding positions. Postweld heat treatment shall
comply with NB-4600, except that time at temperature
need not exceed Y% hr regardless of base material thick-
ness. Welding procedure and performance qualification
shall comply with the requirements of Section IX.

NB-4311.2 Capacitor Discharge Welding. Capacitor
discharge welding may be used for welding temporary
attachments and permanent nonstructural attachments
provided:
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If access to both edges of the weld is required for volumetrie preservice or inservice examination or MANDE, the unobstructed distance from

(a) temporary attachments are removed in accordance
with the provisions of NB-4435(b); and

(b) the energy output for permanent nonstructural
attachments such as strain gages and thermocouples is
limited to 125 W-sec, and the minimum thickness of
the material to which the attachment is made is
greater than 0.09 in. (2.3 mm); and

(c) a Welding Procedure Specification is prepared
describing the capacitor discharge equipment, the combi-
nation of materials to be joined, and the technique of appli-
cation; qualification of the welding procedure is not
required.

NB-4311.4 Inertia and Continuous Drive Friction
Welding.

(a) Inertia and continuous drive friction welding shall
not be used for the fabrication of vessels and piping.

(b) The weld between the two members shall be a full
penetration weld.
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Figure NB-4250-3
Pipe to Pipe Weld

Blend flush or smooth

Obstruction

‘<— See NB-44242(a) —»|

t .

\ / min tom
2tmin ‘ ‘ < 2tmin ‘

counterbore counterbore

GENERAL NOTES:
(a)
(®)
Q)
(d

The counterbore length shown is a minimum requirement.

The counterbore is not required to be parallel to the pipe 0.D., provided that all other requirements,of Figure NB-4250-3 are met.
The wall thickness in the counterbore area shall be a minimum of t,,;, as defined in Figure NB;4250¢1.

Obstruction refers to hangers, lugs, trunnions, welded attachments, branch connections, or, aiy~other item that could interfere with the

coverage required for volumetric preservice or inservice examination or MANDE of the weld."Distances indicated are from the edge of the

weld to the closer edge of the obstruction.
(e)

the weld toe shall be maintained on both edges of the weld.

NB-4320 WELDING QUALIFICATIONS, RECORDS,
AND IDENTIFYING STAMPS

NB-4321 Required Qualifications

(a) Each Certificate Holdetr™is responsible for the
welding done by its organization, and each Certificate
Holder shall establish the procedure and conduct the
tests required by this Article and by Section IX in
order to qualify beth’'the welding procedures and the
performance of\welders and welding operators who
apply these procedures.

(b) Procedures, welders,and welding operators used to
join perfmahnent or temporary attachments to pressure
partsTand to make permanent or temporary tack welds
used in such welding shall also meet the qualification re-
quirements of this Article.

(c) When making procedure test plates for butt welds,
consideration shall be given to the effect of angular, lateral,
and end restraint on the weldment. This applies particu-
larly to material and weld metal of 80.0 ksi (550 MPa)
tensile strength or higher and heavy sections of both
low and high tensile strength material. The addition of
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If access to both edges of the weld is required for volumetric preservice or inservice examination or MANDE, the unobstructed distance from

restraint during welding may result in cracking difficulties
that otherwise might not occur.

(d) NCA-3131 provides specific additional require-
ments when welding services are subcontracted to or
through organizations not holding an appropriate Certi-
ficate of Authorization.

NB-4322 Maintenance and Certification of
Records

The Certificate Holder shall maintain a record of the
qualified welding procedures and of the welders and
welding operators it qualified, showing the date and
results of tests and the identification mark assigned to
each welder. These records shall be reviewed, verified,
and certified by the Certificate Holder by signature or
some other method of control in accordance with the
Certificate Holder’s Quality Assurance program and
shall be available to the Authorized Nuclear Inspector.
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NB-4322.1 Identification of Joints by Welder or
Welding Operator.

(a) Each welder or welding operator shall apply the
identification mark assigned by the Certificate Holder
on or adjacent to all permanent welded joints or series
of joints on which that person welds. The marking
shall be at intervals of 3 ft (1 m) or less and shall be
done with either blunt nose continuous or blunt nose
interrupted dot die stamps. As an alternative, the Certi-
ficate Holder shall keep a record of permanent welded
joints in each item and of the welders and welding opera-
tors used in making each of the joints.

(b) When a multiple number of permanent structural
attachment welds, nonstructural welds, fillet welds,
socket welds, welds of specially designed seals, weld
metal cladding, hard surfacing, and tube-to-tube sheet
welds are made on an item, the Certificate Holder need
not identify the welder or welding operator who
welded each individual joint, provided:

(1) the Certificate Holder maintains a system that
will identify the welders or welding operators who
made such welds on each item so that the Inspector
can verify that the welders or welding operators were
all properly qualified;

(2) theweldsin each category are all of the same type
and configuration and are welded with the same Welding
Procedure Specification.

(c) The identification of welder or welding operator is
not required for tack welds.

NB-4323 Welding Prior to Qualifications

No welding shall be undertaken until aftefxthe welding
procedures that are to be used have been qualified. Only
welders and welding operators who are'qualified in accor-
dance with NB-4320 and Section [X/shall be used.

NB-4324 Transferring Qualifications

The welding procedurequalifications and the perfor-
mance qualification tests for welders and welding opera-
tors conducted by one’Certificate Holder shall not qualify
welding procedures and shall not qualify welders or
welding operafors to weld for any other Certificate
Holder, excépt-as provided in Section IX.

NB-4330 GENERAL REQUIREMENTS FOR
WELDING PROCEDURE QUALIFICATION
TESTS

NB-4331 Conformance to Section IX Requirements

All welding procedure qualification tests shall be in
accordance with the requirements of Section IX as supple-
mented or modified by the requirements of this Article.
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NB-4333 Heat Treatment of Qualification Welds
for Ferritic Materials

Postweld heat treatment of procedure qualification
welds shall conform to the applicable requirements of
NB-4620 and Section IX. The postweld heat treatment
time at temperature below the lower transformation
temperature shall be at least 80% of the maximum
time to be applied to the component weld material.
The postweld heat treatment total time may be applied
in one heating cycle.

NB-4334 Preparation of Test Coupons and
Specimens

(a) Removal of test coupons from the test weld and the
dimensions of specimens made\from them shall conform
to the requirements of Seetion IX, except that the removal
of impact test coupons/and‘the dimensions of impact test
specimens shall be inac¢cordance with (b) below.

(b) Weld deposit-of each process in a multiple process
weld shall, wherepossible, be included in the impact test
specimens.When each process cannot be included in the
full-size impdct test specimen at the %4t location required
by this"Section, additional full-size specimens shall be
obtained from locations in the test weld that will
ensure that at least a portion of each process has been
included in full-size test specimens. As an alternative,
additional test welds can be made with each process
so that full-size specimens can be tested for each process.

NB-4334.1 Coupons Representing the Weld Deposit.
Impact test specimens and testing methods shall
conform to NB-2321. The impact specimen shall be
located so that the longitudinal axis of the specimen is
atleast 0.25tand, where the thickness of the test assembly
permits, notless than % in. (10 mm) from the weld surface
of the test assembly. In addition, when the postweld heat
treatment temperature exceeds the maximum tempera-
ture specified in NB-4620 and the test assembly is
cooled at an accelerated rate, the longitudinal axis of
the specimen shall be a minimum of ¢ from the edge of
the test assembly. The specimen shall be transverse to
the longitudinal axis of the weld with the area of the
notch located in the weld. The length of the notch of
the Charpy V-notch specimen shall be normal to the
surface of the weld. Where drop weight specimens are
required, the tension surface of the specimen shall be
oriented parallel to the surface of the test weld assembly.

NB-4334.2 Coupons Representing the Heat-Affected
Zone. Where impact tests of the heat-affected zone are
required by NB-4335.2, specimens shall be taken from
the welding procedure qualification test assemblies in
accordance with (a) through (c) below.

(25)
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(a) If the qualification test material is in the form of a
plate or a forging, the axis of the weld shall be oriented in
the direction parallel to the principal direction of rolling or
forging.

(b) The heat-affected zone impact test specimens and
testing methods shall conform to the requirements of
NB-2321.2. The specimens shall be removed from a loca-
tion as near as practical to a depth midway between the
surface and center thickness. The coupons for heat-
affected zone impact specimens shall be taken transverse
to the axis of the weld and etched to define the heat-
affected zone. The notch of the Charpy V-notch specimen
shall be cut approximately normal to the material surface
in such a manner as to include as much heat-affected zone
as possible in the resulting fracture. Where the material
thickness permits, the axis of a specimen may be inclined
to allow the root of the notch to align parallel to the fusion
line. When a grain refining heat treatment is not
performed on welds made by the electroslag or electrogas
welding process, the notch for the impact specimens shall
be located in the grain coarsened region.

(c) For the comparison of heat-affected zone values
with base material values [see NB-4335.2(b)], Charpy
V-notch specimens shall be removed from the unaffected
base material atapproximately the same distance from the
base material surface as the heat-affected zone specimens.
The axis of the unaffected base material specimens shall be
parallel to the axis of the heat-affected zone specimens,
and the axis of the notch shall be normal to the surface of
the base material. When required by NB-4335.2(bj,
drop-weight specimens shall be removed from a depth
as near as practical to midway between the surface
and center thickness of the unaffected base material
and shall be tested in accordance with the requirements
of NB-2321.1.

NB-4335 Impact Test Requirements

When materials are required to be impact tested per
NB-2300, impact tests of the weld metal and heat-affected
zone shall be performed in agcordance with the following
subparagraphs. The weld{procedure qualification impact
test specimens shall be prepared and tested in accordance
with the applicable’requirements of NB-2330 and
NB-4334. Retests:in accordance with the provisions of
NB-2350 are-permitted.

NB-4335,1 Impact Tests of Weld Metal.

(@) Impact tests of the weld metal shall be required for
welding procedure qualification tests for production weld
joints exceeding % in. (16 mm) in thickness when the weld
will be made on the surface or penetrate base material that
requires impact testing in accordance with NB-2310. In
addition, such testing of the weld metal is required for
the welding procedure qualification tests for any weld
repair to base material that requires impact testing in
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accordance with NB-2310, regardless of the depth of
the repair.

(b) The impact test requirements and acceptance stan-
dards for welding procedure qualification weld metal shall
be the same as specified in NB-2330 for the base material
to be welded or repaired. Where two materials are to be
joined by welding and have different fracture toughness
requirements, the test requirements and acceptance stan-
dards of either material may be used for the weld meétal
except where this is otherwise specified by NCA-1280 or
other parts of this Subsection.

NB-4335.2 Impact Tests of Heat-Affected.Zone.

(a) Charpy V-notch tests ofthe heat-dffected zone of the
welding procedure qualificationtest assembly are
required whenever the thickness.of the weld exceeds
/3 in. (16 mm) and either,8f the base materials
require impact testing in_ accordance with the rules of
NB-2310. The only exceptions to the requirements are
the following:

(1) the qualification for welds in P-Nos. 1 and 3 and
SA-336 F12 mat€rials that are postweld heat treated and
are made by any process other than electroslag or elec-
trogas.

(2) the qualification for weld deposit cladding or
hard¢facing on any base material.

(3) that portion of the heat-affected zone associated
with GTAW root deposits with a maximum of two layers
or %6 in. (5 mm) thickness, whichever is less.

(b) The required testing shall be in accordance with (c)
for base material tested under NB-2331 or NB-2332(b)
and in accordance with (d) for base material tested
under NB-2332(a).

(c) For heat-affected zones associated with base mate-
rial tested under NB-2331 or NB-2332(b), the required
testing shall be in accordance with (1) through (7).

(1) Determine the Typr of the unaffected base mate-
rial to be used in the welding procedure qualification test
assembly.

(2) Charpy V-notch test specimens representing
both the heat-affected zone and the unaffected base mate-
rial shall be tested. The unaffected base material speci-
mens shall be tested at the (Typr + 60°F) [Tnpr +
33°C] temperature.

(3) The Charpy V-notch tests of the unaffected base
material shall meet the applicable requirements of
NB-2331(a) or additional testing shall be performed at
higher temperatures until the requirements of
NB-2331(a) are met.

(4) The heat-affected zone specimens shall be tested
at the test temperature determined in (3). The average
lateral expansion value of the specimens shall equal or
exceed the average lateral expansion value of the unaf-
fected base material. For this case the qualification test
is acceptable for the essential and supplemental essential
variables recorded on the welding procedure qualification
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record (PQR). If the heat-affected zone average lateral
expansion value is less than the unaffected base material
lateral expansion value, the adjustment given in (5)
through (7) shall be determined and applied as provided
in (e).

(5) Additional Charpy V-notch tests shall
be performed on either the heat-affected zone or the
unaffected base material, or both, at temperatures
where the lateral expansion value of all three specimens
tested is not less than 35 mils (0.89 mm). The average
lateral expansion value for each test meeting this require-
ment shall be plotted on a lateral expansion versus
temperature graph. The difference in temperature Tyaz
and Tygm Where the heat-affected zone and the unaffected
base material average lateral expansion values are the
same and not less than 35 mils (0.89 mm) shall be
used to determine the adjustment temperature Typ
where:

Tapy = Taaz — Tusm

If TAD] < 0, then TAD] = 0.

(6) As an alternative to (5), if the average lateral
expansion value of the heat-affected zone specimens is
no less than 35 mils (0.89 mm) and the average of the
heat-affected zone specimens is not less than 5 mils
(0.13 mm) below the average lateral expansion value
of the unaffected base material specimens, T,p; may be
taken as 15°F (8°C).

(7) As a second alternative to (5), if the average
lateral expansion value of the heat-affected zone Speci-
mens is no less than 35 mils (0.89 mm), the difference
between the average lateral expansion of the heat=affected
zone and the unaffected base material specimens shall be
calculated and used as described in (eJ(3).

(d) For heat-affected zones associdted with base mate-
rials tested under NB-2332(a), the required testing shall
be in accordance with (1) through (5).

(1) Three Charpy V-notch specimens shall be
removed from both theMnatfected base material and
the heat-affected zone. The unaffected base material speci-
mens shall be tested @t a test temperature established in
the design specification or additional testing shall be
performed at higher temperatures until the applicable re-
quirements of-Table NB-2332(a)-1 are met for the thick-
ness of /material to be welded in production.

(2)~The heat-affected zone specimens shall be tested
at_the test temperature determined in (1). The average
lateral expansion value of the specimens shall equal or
exceed the average lateral expansion value of the unaf-
fected base material. For this case the qualification test
is acceptable for the essential and supplemental essential
variables recorded on the weld procedure qualification
record. If the heat-affected zone average lateral expansion
value is less than the unaffected base material lateral
expansion value, the adjustment given in (3) through
(5) shall be determined and applied as provided in (e).
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Alternatively, another test coupon may be welded and
tested.

(3) Additional Charpy V-notch tests shall be
performed on either the heat-affected zone or the unaf-
fected base material, or both, at temperatures where the
lateral expansion value of all three specimens tested is not
less than the values shown in Table NB-2332(a)-1 for the
thickness of base material to be welded in production. The
average lateral expansion value for each test meeting'this
requirement shall be plotted on a lateral expansion versus
temperature graph. The difference in temperature Tyaz
and Tygy Where the heat-affected zone and the unaffected
base material average lateral expansion-values are the
same shall be used to determine thezadjustment tempera-
ture where:

Tapy = Tgaz— Tusm

If TAD] <0, then TAD] = 0.

(4) As an alternative to (3), if the average lateral
expansion valueloef the heat-affected zone is no less
than 35 mils (0§89 mm) and the average of the heat-
affected zofie,specimens is not less than 5 mils (0.13
mm) belowrthe average lateral expansion value of the
unaffected base material, T5p; may be taken as 15°F (8°C).

(5] As a second alternative to (3), if the average
lateral expansion value of the heat-affected zone speci-
mens is no less than 35 mils (0.89 mm), the difference
between the average lateral expansion of the heat-affected
zone and unaffected base material specimens shall be
calculated and used as described in (e)(3).

(e) Atleast one of the following methods shall be used
to compensate for the heat-affected zone toughness
decrease due to the welding procedure.

(1) The RTypr temperature established in NB-2331
or NB-2332(b) or the lowest service temperature speci-
fied in the Design Specification [see NB-2332(a)] for all of
the material to be welded in production welding proce-
dure specifications (WPSs) supported by this PQR shall be
increased by the adjustment temperature Tp.

(2) The specified testing temperature for the produc-
tion material may be reduced by Tap.

(3) The materials to be welded may be welded using
the WPS provided they exhibit Charpy V-notch values that
are no less than the minimum required lateral expansion
value required by NB-2300 plus the difference in average
lateral expansion values established in (c)(7) or (d)(5).

(f) The Charpy V-notch testing results shall be recorded
on the welding PQR and any offsetting Tap; or increased
toughness requirements shall be noted on the welding
PQR and on the WPS. More than one compensation
method may be used on a par basis.
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