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

Items produced by par�es not formally possessing an ASME Cer�ficate may not be described, 
either explicitly or implicitly, as ASME cer�fied or approved in any code forms or other document.
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This international code or standard was developed under procedures accredited as meeting the criteria for
American National Standards and it is an American National Standard. The standards committee that approved
the code or standard was balanced to ensure that individuals from competent and concerned interests had an
opportunity to participate. The proposed code or standard was made available for public review and
comment, which provided an opportunity for additional public input from industry, academia, regulatory agencies,
and the public-at-large.
ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity.

ASME does not take any position with respect to the validity of any patent rights asserted in connection with any
itemsmentioned in this document, and does not undertake to insure anyone utilizing a standard against liability for
infringement of any applicable letters patent, nor does ASME assume any such liability. Users of a code or standard
are expressly advised that determination of the validity of any suchpatent rights, and the risk of infringement of such
rights, is entirely their own responsibility.
Participation by federal agency representatives or persons affiliated with industry is not to be interpreted as

government or industry endorsement of this code or standard.
ASME accepts responsibility for only those interpretations of this document issued in accordance with the estab-

lished ASME procedures and policies, which precludes the issuance of interpretations by individuals.
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FOREWORD*

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

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

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

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

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

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

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

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

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

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

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

ADVERTISING

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

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

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

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

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

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

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

all Code requirements have been met when, in fact, they have not been. Data Report Forms covering items not fully
complying with ASME requirements should not refer to ASME or they should clearly identify all exceptions to the ASME
requirements.
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ð23Þ CORRESPONDENCE WITH THE COMMITTEE

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

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

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

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

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

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

Cases

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

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

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

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

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

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

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

Interpretations

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

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

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

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

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

Committee Meetings
TheASMEBPVCcommittees regularlyholdmeetings that are open to thepublic. Personswishing to attend anymeeting

should contact the secretary of the applicable committee. Information on future committee meetings can be found at
http://go.asme.org/BCW.
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ð23Þ ORGANIZATION OF SECTION III

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

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

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

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

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

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

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

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

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

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

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

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

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

– Subsection HH — Class SN Nonmetallic Core Components
Subpart A — Graphite Materials
Subpart B — Composite Materials
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2 SUBSECTIONS
Subsections are divided into Articles, subarticles, paragraphs, and, where necessary, subparagraphs and

subsubparagraphs.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Page Location Change
viii List of Sections (1) Under Section III, Division 4 added

(2) Title of Section XI and subtitle of Section XI, Division 2 revised
(3) Information on interpretations and Code cases moved to “Correspondence
With the Committee”

xii Personnel Updated
xxxiv Correspondence With the Committee Added (replaces “Submittal of Technical Inquiries to the Boiler and Pressure

Vessel Standards Committees”)
xxxvi Organization of Section III In para. 1, Division 4 added
xlii Cross-Referencing in the ASME BPVC Updated
1 NF-1110 Subparagraph (e) revised
2 NF-1214 Subparagraph (g) added
8 Figure NF-1214-1 Last illustration added
10 NF-2130 In subpara. (a), cross-reference to NCA updated
14 NF-2321 Revised
24 NF-2432.2 In subpara. (c), cross-reference to NCA updated
25 NF-2530 Title and first line of paragraph revised
26 NF-2610 (1) Cross-references to NCA updated

(2) Subparagraph (b) revised
(3) Subparagraph (g) added

29 NF-3128 Title and first line of paragraph revised
30 Table NF-3131(a)-1 For Type “Standard,” Class 2 entries under “Linear” column corrected by errata
33 Table NF-3221.2-1 Note (2) revised
38 NF-3250 Paragraph below heading deleted
38 NF-3251 (1) Paragraph below main heading added

(2) Titles of NF-3251.1, NF-3251.2, and NF-3251.3 revised
42 Table NF-3251.2-1 Note (2) revised
47 NF-3313.1 In nomenclature, entry for Fe added
48 Table NF-3312.1(b)-1 Note (2) revised
50 NF-3322.1 (1) Subparagraphs (c), (c)(1), (c)(2), and (e)(1) revised

(2) Duplicate equation numbers deleted
56 NF-3322.2 (1) Revised

(2) Duplicate equation numbers deleted
57 Table NF-3322.2(d)-1 Added
69 Figure NF-3322.8-2 Below General Note, the dimensional requirements for a, b, and be, combined

and corrected by errata to “a ≥ 1.33be, where be =2t + 5∕8 in. (2t+ 16mm) ≤b”
74 NF-3324.6 Subparagraphs (a)(1) through (a)(4) revised
78 Table NF-3332.3-1 In first column, for “General Condition — Groove welds” and “General

Condition — Attachments,” cross-references revised
83 NF-3342.2 Duplicate equation numbers deleted
86 NF-3411.3 Subparagraphs (c) and (c)(2) revised
87 NF-3412.4 (1) In subpara. (a), last sentence added

(2) Endnote 6 revised
88 NF-3412.5 Last sentence added
88 NF-3412.6 Added
93 NF-4121.1 First cross-reference updated
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Page Location Change
93 NF-4125 Sentence below heading corrected by errata
98 NF-4335 Second sentence revised
98 NF-4335.1 In subpara. (a), last sentence revised
102 NF-4451 Revised
105 Table NF-4622.1-1 Column heads revised
104 NF-4622.3 Revised
106 NF-4622.7 Subparagraph (b) revised
107 Table NF-4622.7(b)-1 Revised
109 Table NF-4622.7(b)-2 Deleted
109 NF-4721 In subpara. (e), cross-reference to “(d)” corrected by errata to “(b)”
110 NF-4725.1 Revised
114 NF-5321 Subparagraph (d) revised
116 NF-5510 Cross-references updated
116 NF-5521 In endnote 9, cross-reference updated
117 NF-5523 Cross-reference updated
117 NF-5540 Added
192 NF-B-5200 Revised
196 Article NF-C-4000 (1) Revised

(2) Former Table NF-C-4000 redesignated as Table NF-C-4000-1
(3) Table NF-C-4000-2 added

202 Table NF-D-1330-1 For Items II and VI in first column, text following “C)” revised
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ð23Þ CROSS-REFERENCING IN THE ASME BPVC

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

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

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

(1) If X.1(c)(1)(-a) is referenced in X.1(c)(1), it will be referenced as (-a).
(2) If X.1(c)(1)(-a) is referenced in X.1(c)(2), it will be referenced as (1)(-a).
(3) If X.1(c)(1)(-a) is referenced in X.1(e)(1), it will be referenced as (c)(1)(-a).
(4) If X.1(c)(1)(-a) is referenced in X.2(c)(2), it will be referenced as X.1(c)(1)(-a).
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ARTICLE NF-1000
INTRODUCTION

NF-1100 SCOPE AND GENERAL
REQUIREMENTS

NF-1110ð23Þ ASPECTS OF CONSTRUCTION COVERED
BY THESE RULES

(a) Subsection NF contains rules for the material,
design, fabrication, examination, installation, and
preparation of certification documents (Certificate of
Compliance and NS-1 Certificate of Conformance) for
supports for components and piping which are intended
to conform to the requirements for Class 1, 2, 3, and MC
construction as set forth in Subsections NB, NCD, and NE,
respectively, of this Section.

(b) They do not cover deterioration that may occur in
service as a result of corrosion, erosion, radiation effects,
or metallurgical instability of the materials (see NCA-
1130).

(c) Nuclear power plant supports (see NCA-9200
provides the definitions of "support" and other terms)
for which the rules are specified in this Subsection are
those metal elements which transmit loads between
components (see NCA-1210), including piping systems,
and intervening elements and the building structure.
However, the term supports does not encompass a struc-
tural element the sole function of which is to carry
dynamic loads caused by a postulated loss of pressure-
retaining integrity.

(d) The Owner shall be responsible for assuring the
adequacy of the building structure and all intervening
elements in the support load path in accordance with
the requirements of NCA-3211.18 and NCA-3211.19(b).
To the extent necessary, the support designer shall
consider the structural interaction with intervening
elements and the building structure.

(e) Except for the requirements listed in (1) through
(11), the requirements of Subsection NF do not apply
to bearings, bushings, gaskets, hydraulic fluids, seals,
shims, slide plates, retaining rings, wear shoes, springs,
washers, wire rope, compression spring end plates,
thread locking devices, cotter pins, sight glass assemblies,
spring hanger travel and hydro stops, nameplates, name-
plate attachment devices, padding between piping and
supports, or for compression dynamic stops used as
stops (stops do not include snubbers, dampers, and
energy absorbers; see NF-3412.4, NF-3412.5, and

NF-3412.6) for seismic and other dynamic loads that
are designed primarily for compressive loading and
are not connected to the support or pressure boundary.

(1) The material of the exempt items shall be
selected to tolerate the environmental conditions to
which they will be exposed, such as temperature,
fluids, humidity, and irradiation.

(2) Theexempt itemshall bedesigned for the loading
conditions and other requirements identified in the
Design Specification.

(3) Design Output Documents (see NCA-3211.40)
shall indicate items that are exempt.

(4) Materials, fabrication, and installation of the
exempt items shall comply with Design Output Docu-
ments.

(5) Class 1 springs shall be inspected in accordance
with NF-2520.

(6) Washers shall comply with the requirements of
NF-2128(b) and NF-4700.

(7) Wire rope shall comply with the requirements of
NF-2530 and Article NF-3000.

(8) Compression spring end plates shall complywith
the requirements of Articles NF-3000, NF-4000, NF-5000,
and NF-8000.

(9) Compression dynamic stops shall comply with
the requirements of Articles NF-3000, NF-4000,
NF-5000, and NF-8000.

(10) Thread locking devices shall comply with the
requirements of NF-4725.1.

(11) Themeans by which exempt items are attached
to supports shall complywith theapplicable requirements
of this Subsection.

NF-1120 RULES FOR SUPPORTS AND THEIR
CLASSIFICATION

NF-1121 Rules for Supports

The rules of Subsection NF provide requirements for
newconstructionand includeconsiderationofmechanical
stresses and effects which result from the constraint of
free-end displacements and anchor point motions
defined in NF-3121.12 and NF-3121.13, but not
thermal or peak stresses.

BPVC.III.1.NF-2023
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NF-1122 Classification of Supports

Supports shall be constructed to the requirements of
this Subsection that are applicable to the class of the
component, including piping system, they are intended
to support. Supports may be optionally classified as
permitted inNCA-2134.Whenthecomponentsareoption-
ally classified to a higher class as permitted in NCA-2134
(d), the support need not be classified to the higher class.

NF-1123 ALTERNATIVE RULES

NF-1123.1 Linear Piping Supports. See Section III
Appendices, Nonmandatory Appendix CC for the alterna-
tive rules to the requirements of Division 1 Subsections
NCA and NF for Linear Piping Supports.

NF-1130 BOUNDARIES OF JURISDICTION

NF-1131 Boundary Between Components and
Supports

The jurisdictional boundary between components,
including piping systems, and supports shall meet the re-
quirements of NB-1132, NCD-1132, or NE-1132 as appli-
cable to the class of component.

NF-1132 Boundary Between Supports and the
Building Structure

(a) Supports may bear on or may be welded, bolted,
pinned, or clamped to the building structure. Typical
examples of jurisdictional boundaries defined between
supports and building structures are shown in
Figure NF-1132-1.

(b) The jurisdictional boundary between a support and
the load carrying building structure is the surface of the
building structure.

(c) For the purpose of defining the jurisdictional
boundary between a support and the building structure,
structural members shown on the civil/structural draw-
ings of the plant and considered in the building structural
analysis may be designated building structure even
though located in the support load path. However, struc-
tural members, except as defined in (d), detailed on
support drawings which are installed and used for the
primary purpose of supporting piping or components
shall be designated supports and be constructed to the
rules of this Subsection.

(d) The Design Specification shall designate whether
surface-mounted base plates intended to receive loads
transmitted by supports are to be within the jurisdiction
of Subsection NF or building structure. Fully or partially
embedded steel elements intended to receive loads trans-
mitted by supports; grout; concrete anchors; and hold-
down bolts, nuts, and washers shall be designated
building structure.

(e) If the means by which the support is connected to
the building structure is a weld, the weld shall fall within
the jurisdiction of this Subsection.

(f) If the means by which the support is connected to
the building structure is a bolted joint to a building struc-
tural steel member, the bolts shall fall within the jurisdic-
tion of this Subsection.

NF-1133 Boundary Between Supports and
Intervening Elements

The jurisdictional boundary between supports and
intervening elements in the support load path is the
surface of the intervening elements. Supports may bear
on or may be welded, bolted, pinned, or clamped to inter-
vening elements. The means by which supports are
connected to intervening elements shall fall within the
jurisdiction of this Subsection.

NF-1200 TYPES OF SUPPORTS AND
ATTACHMENTS

NF-1210 TYPES OF SUPPORTS

NF-1211 General Requirements

In this Subsection all supports are categorized into
three separate types based on the general design proce-
dure used for analysis of the support (see NF-3140). Re-
quirements for materials, design, fabrication, and
examination for each of the three types are provided
in the following Articles of this Subsection. These
support types are defined in NF-1212 through NF-1215.

NF-1212 Plate- and Shell-Type Supports

A Plate- and Shell-Type Support is a support such as a
skirt or saddle which is fabricated from plate and shell
elements and is normally subjected to abiaxial stress field.

NF-1213 Linear-Type Support

A Linear-Type Support is defined as acting under essen-
tially a single component of direct stress. Such elements
may also be subjected to shear stresses. Examples of such
structural elements are tension and compression struts,
beams and columns subjected to bending, trusses, frames,
rings, arches, and cables. Energy-absorbing parts
designed to dissipate energy by yielding and which are
incorporated into a linear-type piping support shall be
constructed in accordance with Mandatory Appendix
NF-III.

NF-1214 ð23ÞStandard Supports

Typical Standard Supports are described in MSS SP-58,
Pipe Hangers and Supports, Materials, Design, and Manu-
facture, which was developed and approved by the Manu-
facturers Standardization Society of the Valve and Fittings
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Industry. Typical catalog items are shown in Figure
NF-1214-1. The capacities of standard supports may be
determined using plate and shell analysis or linear
analysis or load rating. Examples of standard supports are

(a) rigid supports consisting of anchors, guides,
restraints, rolling or sliding supports, and rod-type
hangers

(b) constant and variable type spring hangers
(c) snubbers
(d) sway braces and vibration dampeners
(e) structural attachments such as ears, shoes, lugs,

rings, clamps, slings, straps, and clevises
(f) dampers
(g) energy absorbers

NF-1215 Primary and Secondary Members

Support members are also categorized as primary or
secondary according to function. These member types
are defined in the following paragraphs.

(a) Primary Members. Primary members of supports
are defined as those members designed to carry loads
under any postulated load condition.

(b) Secondary Members. Secondary members are
defined as those members typically used as bracing to
maintain primary member system geometry, and

which under all loading conditions, are not designed to
sustain any significant stress. Significant stress is
defined as being in excess of 50% of the allowable
stress permitted by Article NF-3000.

NF-1230 WELDING BETWEEN TYPES OF
SUPPORTS

NF-1231 Welded Joints Between Plate- and Shell-
Type and Linear-Type Supports

Welded joints between Plate- and Shell-Type Supports
(see NF-1212), and Linear-Type Supports (see NF-1213)
shall meet the rules of either Plate- and Shell-Type or
Linear-Type welded joints of this Subsection.

NF-1240 ATTACHMENTS

NF-1242 Attachments to Supports

Attachments to supports may be permanent or
temporary, are nonstructural, and are not in the
support load path.
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Figure NF-1132-1
Typical Examples of Jurisdictional Boundaries Between Supports and the Building Structure
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Figure NF-1132-1
Typical Examples of Jurisdictional Boundaries Between Supports and the Building Structure (Cont’d)
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Figure NF-1132-1
Typical Examples of Jurisdictional Boundaries Between Supports and the Building Structure (Cont’d)
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Figure NF-1132-1
Typical Examples of Jurisdictional Boundaries Between Supports and the Building Structure (Cont’d)

GENERAL NOTE: Sketches (a) through (k) are intended to show jurisdictional concepts and should not be considered as recommended config-
urations.
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Figure NF-1214-1
ð23Þ Typical Standard Support Units

Steel
Turnbuckle

Welded
Attachment

Threaded
Rod

Threaded Rod
With Fastener Steel

Clevis

Steel
Pipe Clamp

Steel Double
Bolt Pipe

Clamp

Steel Pipe
ClampPlateLug

Variable Spring
Base Support

Variable
Spring Hanger

Constant Support
Horizontal Type Constant Support

Vertical Type

Damper

Snubber

Angles

Steel
Weldless
Eye Bolt

Riser Clamp Sliding
Surface

U-Bolt Spring Sway Brace

Energy Absorber

BPVC.III.1.NF-2023

8
ASMENORMDOC.C

OM : C
lick

 to
 vi

ew
 th

e f
ull

 PDF of
 ASME BPVC.III

.1.
NF (A

SME BPVC Sec
tio

n 3
 D

ivis
ion

 1 
NF) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NF (ASME BPVC Section 3 Division 1 NF) 2023.pdf


ARTICLE NF-2000
MATERIAL

NF-2100 GENERAL REQUIREMENTS FOR
MATERIAL

NF-2110 SCOPEOFPRINCIPALTERMSEMPLOYED

(a) The term material as used in this Subsection is
defined in Article NCA-9000. The termMaterial Organiza-
tion (Metallic) is defined in Article NCA-9000.

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

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

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

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

(-b) disk forgings (axial length less than theoutside
diameter): the nominal thickness is the axial length.

(-c) flat ring forgings (axial length less than the
radial thickness): for axial length ≤2 in. (50 mm), the
axial length is the nominal thickness. For axial
length >2 in. (50 mm), the radial thickness is the
nominal thickness.

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

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

NF-2120 SUPPORT MATERIAL

NF-2121 Permitted Material Specifications

(a) Except as provided in (b) or NF-2128, material for
supports shall conform to the requirements of the speci-
fications for material listed in the tables of Section II, Part
D, includingall applicable footnotes in the table, applicable
to the Class of construction, as indicated in Table
NF-2121(a)-1.

(b) The requirements of Article NF-2000 do not apply
to exempt items as indicated inNF-1110(e). Certificates of
Compliance (see NF-2130) are not required for exempt
items.

(c) Welding and brazing material used in manufacture
of items shall comply with an SFA Specification in Section
II, Part C, except as otherwise permitted in Section IX, and

shall also comply with the applicable requirements of this
Article. The requirements of this Article do not apply to
materialsusedasbacking ringsorbackingstrips inwelded
joints.

NF-2122 Special Requirements Conflicting With
Permitted Material Specifications

(a) Special requirements stipulated in this Article shall
apply in lieu of the requirements of thematerial specifica-
tions wherever the special requirements conflict with the
material specification requirements [see NCA-4256.3(d)].
Where the special requirements include an examination,
test, or treatment which is also required by the material
specification, the examination, test, or treatment need be
performed only once. Required nondestructive examina-
tions shall be performed as specified for each product
form in NF-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 NF-4121.1.
Pipe or tube material used under the rules of this Subsec-
tion need not be hydrostatically or pneumatically tested,
provided these materials are not used in a pressure-
retaining function.

(b) Copper and copper-based alloys shall not be used
for structural members.

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

NF-2124 Size Ranges

Material outside the limits of size or thickness given in
any specification in Section IImaybeused if thematerial is
in compliance with the other requirements of the speci-
fication and no size limitation is given in the rules for
construction. In those specifications in which chemical
composition or mechanical properties are indicated to
vary with size or thickness, anymaterial outside the spec-
ification range shall be required to conform to the compo-
sition and mechanical properties shown for the nearest
specified range [see NCA-4256.3(d)].
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NF-2128 Bolting Material

(a) Material for bolts and studs shall conform to the
requirements of one of the specifications listed in
Section II, Part D, Subpart 1, Table 3 or Table 4. Materials
listed in Section II, Part D, Subpart 1, Table 3 may be used
for Class 2 and Class 3 supports and for Class 1 Standard
Supports. Materials listed in Section II, Part D, Subpart 1,
Table 4may be used for Class 1 supports.Material for nuts
shall conform to SA-194, SA-563, or to the requirements of
oneof thespecifications fornutsorbolting listed inSection
II, Part D, Subpart 1, Tables 3 and 4. Material for nuts may
also conform to the specification for suitable nuts identi-
fied in a permitted bolting specification. Table
NF-2121(a)-1 provides the source for the yield and
tensile strength values required for design.

(b) Unless required by NF-4720, the use of washers is
optional.When used, they shall bemade ofwroughtmate-
rial with mechanical properties compatible with the nuts
with which they are to be employed.

NF-2130ð23Þ CERTIFICATION OF MATERIAL

(a) Material used in the construction of supports shall
be certified. CertifiedMaterial Test Reports in accordance
withNCA-1224 andNCA-1225 shall be provided formate-
rial used for primarymembers for Class 1 Plate- and Shell-
TypeSupports, andClass1Linear-TypeSupports.Material

for other Classes of supports and all Classes of Standard
Supports shall be provided with Certified Material Test
Reports when impact test ing is required (see
NF-2311). Copies of these certificates shall be provided
with the support.

(b) Certificates of Compliance with the material spec-
ification, grade, class, and heat-treated condition, as ap-
plicable, or Certified Material Test Reports shall be
provided by the Material Organization for material for
all other supports, Standard Supports, and secondary
members of all types and Classes of supports.

(c) WhenDesignDocuments, such as theDesignReport
or Load Capacity Data Sheet, permit the use of alternative
materials for which certificates of compliance are
permitted, the alternative materials may be documented
in the Design Documents or the documentation for the
support in lieu of documenting the specific material
used. The requirements of NF-2150 for identification
of materials shall apply.

(d) When material Certificates of Compliance are
permitted, the support manufacturer shall transmit
copies of the material Certificates of Compliance applica-
ble to each support. Alternatively, it shall execute and
furnisha singledocument certifyinga listingof allmaterial
specifications involved in the shipment. When a single
document is furnished, its quality program shall
provide for its retention of the material Certificates of

Table NF-2121(a)-1
Material Tables Required for Supports

Type and Class

Section II, Part D,
Subpart 1,

Tables 2A and 2B,
Design Stress Intensity

Values, Sm

Section II, Part D,
Subpart 1,

Tables 1A and 1B,
Allowable Stress

Values, S

Section II, Part D,
Subpart 1,

Table Y-1, Yield
Strength Values, Sy

Section II, Part D,
Subpart 1, Table U,
Tensile Strength

Values, Su
Plate and shell
Class 1 x … x x
Class 2 and MC … x x x
Class 3 … x x x

Bolting (all classes) … … x x
Linear
Class 1 … … x x
Class 2 and MC … … x x
Class 3 … … x x
Bolting (all classes) … … x x

Standard support
Class 1 x (plate and shell) … x (linear) x (All Types)
Class 2 … x (plate and shell) x (linear) x (All Types)
Class 3 … x (plate and shell) x (linear) x (All Types)
Bolting (all classes) … … x (linear) x (All Types)
Applicable Class Cl. 1 Cl. 2, Cl. 3, and MC All Classes All Classes

GENERAL NOTES:
(a) Section II, Part D, Subpart 1, Table Y-2 provides permanent strain limiting factor for plate‐ and shell‐type supports.
(b) Section II, Part D, Subpart 2, Tables TE and TMprovide values of the coefficient of thermal expansion andmodulus of elasticity, respectively.
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Compliance for each of thematerials incorporated into the
supports.

NF-2140 WELDING MATERIAL

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

NF-2150 MATERIAL IDENTIFICATION

The identification of material requiring Certified Mate-
rial Test Reports shall meet the requirements of NCA-
4256. Material furnished by a Material Organization
with Certificates of Compliance shall be identified by a
controlled system meeting the requirements of the appli-
cable material specification, grade, and class. Identifica-
tion of the material to the Material Organization’s
Certificate of Compliance is not required after the
support manufacturer has verified that the material
meets the requirements of this Section. Material for
small items shall be controlled during the manufacture
of the supports so that they are identifiable as acceptable
material at all times. Welding material shall be controlled
during the repair of material and the manufacture and
installation of supports so that it is identifiable as accept-
ablematerial until thematerial is actually consumed in the
process (see NF-4122).

NF-2160 DETERIORATION OF MATERIAL IN
SERVICE

Consideration of deterioration of material caused by
service is generally outside the scope of this Subsection.
It is the responsibility of the Owner to select material
suitable for the conditions stated in the Design Specifica-
tions [see NCA-3211.19(b)], with specific attention being
given to the effect of Service Conditions upon the proper-
ties of the material.

NF-2170 HEATTREATMENTTOENHANCE IMPACT
PROPERTIES

Carbon steel, 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 support at a temperature of not less
than 1,100°F (595°C) may be considered to be the
tempering phase of the heat treatment.

NF-2180 PROCEDURESFORHEATTREATMENTOF
MATERIAL

When heat treating temperature or time is required by
thematerial specification and the rules of this Subsection,
the heat treating shall be performed in temperature-
surveyed and temperature-calibrated furnaces or the
heat treating shall be controlled bymeasurement ofmate-
rial temperature thermocouples in contact with themate-
rial or attached to blocks in contactwith thematerial 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 spec-
ification and the rules of this Subsection.

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

NF-2210 HEAT TREATMENT REQUIREMENTS

NF-2211 Test Coupon Heat Treatment for Ferritic
Material1

If ferritic steel material is subjected to heat treatment
during construction of a support, thematerial used for the
impact test specimens shall be heat treated in the same
manner as the support, except that test couponsand speci-
mens for P-No. 1 Group Nos. 1 and 2 material with a
nominal thickness of 2 in. (50mm)or less are not required
to be so heat treated. The support manufacturer shall
provide the Material Organization with the temperature
and heating and cooling rate to be used. In the case of
postweld heat treatment, the total time at temperature
or temperatures for the test material shall be at least
80% of the total time at temperature or temperatures
during actual postweld heat treatment of the material,
and the total time at temperature or temperatures for
the test material, coupon, or specimen may be performed
in a single cycle.

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

NF-2212.1 Cooling Rates.When ferritic steel material
is subjected to quenching from the austenitizing tempera-
ture, the test coupons representing those materials shall
be cooled at a rate similar to and no faster than the main
body of the material except in the case of certain forgings
and castings (see NF-2223.3 and NF-2226.4). This rule
shall apply for coupons taken directly from the material
aswell as for separate test coupons representing themate-
rial, and one of the general procedures described in
NF-2212.2 or one of the specific procedures described
in NF-2220 shall be used for each product form.

NF-2212.2 General Procedures. One of the general
procedures in (a), (b), and (c)may be applied to quenched
and tempered material or test coupons representing the
material, provided the specimens are taken relative to the
surface of the product in accordance with NF-2220.
Further specific details of the methods to be used shall
be the obligation of the Material Organization and the
Certificate Holder.

(a) Any procedure may be used which can be demon-
strated to produce a cooling rate in the test material that
matches the cooling rate of the main body of the product
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within 25°F (14°C) and 20 sec at all temperatures after
cooling begins.

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

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

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

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

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

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

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

NF-2221 General Requirements

The procedure for obtaining impact test specimens for
quenched and temperedmaterial is related to the product
form. Coupon and specimen location shall be as required
by the material specification, except as stated in the
following paragraphs of this subarticle. References to
dimensions signify nominal values.

NF-2222 Plates

NF-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
lb (19000 kg) and over and alloy steel plates weighing
40,000 lb (18 000 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.

NF-2222.2 Orientation and Location of Coupons.
Coupons shall be taken so that specimens shall have
their longitudinal axes at least 1∕4t from a rolled
surface and with the midlength of the specimen at
least t from any heat-treated edge, where t is the
nominal thickness of the material. The orientation of
the coupons shall be as specified in the material specifi-
cation.

NF-2222.3 Requirements for Separate Test Coupons.
Where a separate test coupon is used to represent the
support material, it shall be of sufficient size to ensure

that the cooling rate of the region from which the test
coupons are removed represents the cooling rate of
the material at least 1∕4t deep and t from any edge of
the product. Unless cooling rates applicable to the bulk
pieces or product are simulated in accordance with
NF-2212.2(b), the dimensions of the coupon shall not
be less than 3t × 3t × t, where t is the nominal material
thickness.

NF-2223 Forgings

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

NF-2223.2 Very Thick and Complex Forgings. Test
coupons for forgings that are both very thick and
complex, such as trunnions, support forgings, flanges,
and other complex forgings that are contour shaped or
machined toessentially the finishedproduct configuration
prior to heat treatment, may be removed from prolonga-
tions or other stock provided on the product. The Certi-
ficate Holder shall specify the surfaces of the finished
product subjected to high tensile stresses in service.
The coupons shall be taken so that specimens shall
have their longitudinal axes at a distance below the
nearest heat-treated surface, equivalent to at least the
greatest distance that the indicated high tensile stress
surface will be from the nearest surface during heat treat-
ment, andwith themidlengthof the specimensaminimum
of twice this distance from a second heat-treated surface.
In any case, the longitudinal axes of the specimens shall
not be nearer than 3∕4 in. (19 mm) to any heat-treated
surface and the midlength of the specimens shall be at
least 11∕2 in. (38 mm) from any heat-treated surface.

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

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

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

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

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

NF-2224 Bars and Bolting Material

NF-2224.1 Location of Coupons. Coupons shall be
taken so that specimens shall have their longitudinal
axes at least 1∕4t 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.

NF-2224.2 Bolting Material. For bolting material, the
coupons shall be taken in conformancewith the applicable
material specification and with the midlength of the
specimen at least one diameter or thickness from a
heat-treated end. When the studs, nuts, or bolts are
not of sufficient length, 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.

NF-2225 Tubular Products and Fittings

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

NF-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 NF-2223.3 shall be
met.

NF-2226 Castings

NF-2226.1 Castings With 2 in. (50 mm) Maximum
Thickness and Less. For castings with a maximum thick-
nessof 2 in. (50mm)and less, the specimens shall be taken
from either the standard separately cast coupons or the
casting, in accordance with the material specification.

NF-2226.2 Castings With Thicknesses Exceeding 2 in.
(50 mm) Maximum Thickness. For castings exceeding a
thickness of 2 in. (50 mm), the coupons shall be taken
from the casting (or an extension of it) so that specimens
shall have their longitudinal axes at least 1∕4t of the
maximum heat-treated thickness from any surface and
with the midlength of the specimens at least t from
any second surface. A thermal buffer may be used [see
NF-2212.2(c)(3)].

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

(a) The separate test coupon representing castings
from one heat and one heat-treated lot shall be of the
same heat of material and shall be subjected to substan-
tially the same foundrypractices as the production casting
it represents.

(b) The separate test couponshall beheat treated in the
same furnace charge andunder the same conditions as the
production casting, unless cooling rates applicable to the
bulk castings are simulated in accordancewithNF-2212.2.

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

NF-2226.4 Castings Machined or Cast to Finished
Configuration Before Heat Treatment. In lieu of the re-
quirements of NF-2226.1, NF-2226.2, or NF-2226.3,
test coupons may be removed from prolongations or
other stock provided on the product. The coupons
shall be taken so that specimens shall have their longitu-
dinal axes at a distance below the nearest heat-treated
surface equivalent at least to the greatest distance that
the indicated high tensile stress surface will be from
the nearest surface during heat treatment and with the
midlength of the specimens a minimum of twice this
distance from a second heat-treated surface. In any
case, the longitudinal axes of the specimens shall be at
least 3∕4 in. (19 mm) from any heat-treated surface and
the midlength of the specimens shall be at least 11∕2 in.
(38mm) from any second heat-treated surface. The Certi-
ficate Holder shall specify the surfaces of the finished
product subjected to high tensile stresses in service.

NF-2227 Rolled Shapes

For rolled shapes, the coupons shall be taken so that
specimens shall have their longitudinal axes on a line
representing the center of the thickest element of the
shape and with the midlength of the specimen at least
t from a heat-treated end.
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NF-2300 FRACTURE TOUGHNESS
REQUIREMENTS FOR MATERIAL

NF-2310 MATERIAL TO BE IMPACT TESTED

NF-2311 Supports for Which Impact Testing of
Material Is Required

When impact testing is required, themethods of Section
III Appendices, NonmandatoryAppendixGmaybeused as
an alternative design procedure for assuring protection
against nonductile failure.

(a) Support materials shall be impact tested in accor-
dance with the requirements listed below.

(1) Attachments to the component or piping shall
meet the requirements for impact testing stipulated in
the applicable Subsection.

(2) Class 1, 2, 3, and MC component supports shall
meet the requirements of NF-2300.

(3) For Class 1, 2, and 3 piping supports, Class 1, 2,
and3StandardSupports, andall other types andClassesof
supports, the Design Specification (see NCA-3211.19)
shall state whether or not impact testing is required
for the material of which the support is constructed.
When impact testing is required, the tests shall meet
the requirements of NF-2300 for Class 1, 2, 3, or MC,

respectively, and shall become a requirement of this
Subsection.

(b) The requirements for supports shall be as specified
in NF-2300, except that the materials described in (1)
through (13) are not to be impact tested as a requirement
of this Subsection.

(1) Material with a nominal section thickness of
5∕8 in. (16 mm) and less.

(2) Bolting, including studs, nuts, and bolts, with a
nominal size of 1 in. (25 mm) and less.

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

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

(5) Austenitic stainless steels, including precipita-
tion-hardened austenitic Grade 660 (UNS S66286).

(6) Nonferrous materials.
(7) Material for supports when the maximum stress

does not exceed 6,000 psi (40MPa) tension or is compres-
sive.

(8) Rolled structural shapes, when the thickness of a
flange is 5∕8 in. (16 mm) or less.

(9) Materials for Class 1, 2, or MC supports, listed in
Table NF-2311(b)-1, for thicknesses 21∕2 in. (64 mm) and
less when the Lowest Service Temperature2 is at least
30°F (15°C) above the tabulated temperature. This
exemption from impact testing does not apply to
either the weld metal (NF-2430) or the weld procedure
qualification (NF-4335).

(10) Materials for Class 3 supports, listed in
Table NF-2311(b)-1, for thicknesses 21∕2 in. (64 mm)
and less, when the Lowest Service Temperature is
equal to or greater than the tabulated temperature.
This exemption from impact testing does not apply to
either the weld metal (see NF-2430) or the weld proce-
dure qualification (see NF-4335).

(11) Materials for Class 2 andMC supports for which
the Lowest Service Temperature exceeds 150°F (65°C).

(12) Materials for Class 3 supports for which the
Lowest Service Temperature exceeds 100°F (38°C).

(13) Materials for Class 2, 3, and MC supports for
which the Lowest Service Temperature (LST) is equal
or above the Minimum Design Metal Temperature of
Figure NF-2311(b)-1 for the materials listed and the ap-
plicable material thicknesses.

(c) The Design Specification [see NCA-3211.19(b)]
shall state the Lowest Service Temperature (LST) for
the support and the designated impact test temperature,
when required.

NF-2320 IMPACT TEST PROCEDURES

NF-2321 ð23ÞCharpy V-Notch Tests

The Charpy V-notch test (Cv), when required, shall be
performed in accordancewith SA-370. Specimens shall be
in accordance with SA-370, Figure 11, Type A. A test shall

Table NF-2311(b)-1
Exemptions From Impact Testing Under NF-2311(b)(9)

and NF-2311(b)(10) for Material Thickness to
21⁄2 in. (64 mm), Inclusive

Material [Note (1)]

Material
Condition
[Note (1)]

TNDT, °F (°C)
[Notes (2), (3)]

SA-537, Class 1 N −30 (−35)
SA-516, Grade 70 Q & T −10 (−25)
SA-516, Grade 70 N 0 (−18)
SA-508, Class 1 Q & T +10 (−10)
SA-533, Grade B Q & T +10 (−10)
SA-299 [Note (4)] N +20 (−7)
SA-216, Grades WCB, WCC Q & T +30 (0)
SA-36 (Plate) HR +40 (5)
SA-508, Class 2 Q & T +40 (5)

NOTES:
(1) Material Condition letters refer to:

N = Normalize
Q & T = Quench and Temper
HR = Hot Rolled

(2) These values for TNDT were established from data on heavy
section steel [thickness greater than 21∕2 in. (64 mm)]. Values
for sections less than 21∕2 in. (64 mm) thick are held constant
until additional data are obtained.

(3) TNDT = temperature at or above nil‐ductility transition tempera-
ture (ASTME208); TNDT is 10°F (5.6°C) below the temperature at
which at least two specimens show no‐break performance.

(4) Materials made to a fine grain melting practice.
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Figure NF-2311(b)-1
Impact Test Exemption Curves for Materials for Class 2, 3, and MC Supports
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GENERAL NOTES:
(a) Curve A — all carbon and all low alloy steel plates, structural shapes, and bars not listed in Curves B, C, and D below
(b) Curve B

(1) SA-285 Grades A and B
(a) SA-414 Grade A
(b) SA-442 Grade 55 > 1 in. (25 mm) if not to fine grain practice and normalized
(c) SA-442 Grade 60 if not to fine grain practice and normalized
(d) SA-515 Grades 55 and 60
(e) SA-516 Grades 65 and 70 if not normalized
(f) SA-612 if not normalized
(g) SA-662 Grade B if not normalized
(h) SA-724 if not normalized

(2) all materials of Curve A if produced to fine grain practice and normalized which are not listed for Curves C and D below;
(3) except for bolting [see (e) below], plates, structural shapes, and bars, all other product forms (such as pipe, fittings, and tubing) not

listed for Curves C and D below
(c) Curve C

(1) SA-182 Grades 21 and 22 if normalized and tempered
(a) SA-302 Grades C and D
(b) SA-336 Grades F21 and F22 if normalized and tempered
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consist of a set of three full-size10mm×10mmspecimens
andmeet the requirementsofNF-2330.When thematerial
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 speci-
mens are used, the average lateral expansion and
absorbed energy results shall be a minimum of 50 mils
(1.27 mm) and 75 ft-lb (100 J), respectively.
The test location, orientation, size, test temperature,

lateral expansion, and absorbed energy shall be reported
in the Certified Material Test Report.

NF-2322 Location and Orientation of Test
Specimens

Impact test specimens for quenched and tempered
material shall be removed from the locations and orienta-
tion specified for tensile test specimens in each product
form in NF-2220 except that for plates the orientation of
the impact test specimens shall be longitudinal. For mate-
rial in other heat-treated conditions, impact test speci-

mens shall be removed from the locations and
orientations specified for tensile test specimens in the
material specification except that for plates the orienta-
tion of the impact specimens shall be longitudinal, and for
structural shapes the location and orientation of the
impact test specimens shall be as specified in ASTM
A673. Alternatively, the orientation may be in the direc-
tion of maximum stress regardless of heat treatment. For
bolting, the Cv impact test specimens shall be prepared
with the longitudinal axis of the specimen located at
least one-half radius or 1 in. (25 mm) below the
surface plus the machining allowance per side, whichever
is less. The fracture plane of the specimen shall be at least
one diameter or thickness from the heat-treated end.
When the studs, nuts, or bolts are not of sufficient
length, the midlength of the specimen shall be at the
midlength of the studs, nuts, or bolts. The studs, nuts,
or bolts selected to provide test coupon material shall
be identical with respect to the quenched contour and
size, except for length, which shall equal or exceed the

Figure NF-2311(b)-1
Impact Test Exemption Curves for Materials for Class 2, 3, and MC Supports (Cont’d)

GENERAL NOTES (Cont’d)
(c) SA-387 Grades 21 and 22 if normalized and tempered
(d) SA-442 Grade 55 ≤ 1 in. (25 mm) if not to fine grain practice and normalized
(e) SA-516 Grades 55 and 60 if not normalized
(f) SA-533 Grades B and C
(g) SA-662 Grade A;

(2) all material of Curve B if produced to fine grain practice and normalized and not listed for Curve D below
(d) Curve D

(1) SA-203
(2) SA-442 if to fine grain practice and normalized
(3) SA-508 Class 1
(4) SA-516 if normalized
(5) SA-524 Classes 1 and 2
(6) SA-537 Classes 1 and 2
(7) SA-612 if normalized
(8) SA-662 if normalized
(9) SA-724 if normalized

(e) For bolting the following impact test exemption temperature shall apply:

Spec. No. Grade Impact Test Exemption Temperature, °F (°C)
SA-193 B5 −20 (−30)

B7 −40 (−40)
B7M −50 (−45)
B16 −20 (−30)

SA-307 B −20 (−30)
SA-320 L7, L43 Impact tested
SA-325 1 −20 (−30)
SA-354 BB −20 (−30)

BC 0 (−18)
BD +20 (−7)

SA-449 … −20 (−30)

NOTE: (1) See NF-2311(b)(12) for Class 3 lowest service temperature limit.
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lengthof the representedstuds, nuts, orbolts. For allmate-
rial, the number of tests shall be in accordance with
NF-2340.

NF-2330 TEST REQUIREMENTS AND
ACCEPTANCE STANDARDS

NF-2331 Material (Excluding Bolting)

When impact testing is required, material (other than
bolting) shall be tested as required by (a) and (b).

(a) Test three Cv specimens at the designated tempera-
ture (see NF-2311). All three specimens shall meet one of
the acceptance standards applicable to the specific test
method.

(1) Charpy V-Notch Testing for Lateral Expansion
Values.The test results of the three specimens, collectively
and singly, shall meet the respective requirements of
Table NF-2331(a)-1 for Class 1, of Table NF-2331(a)-2
for Class 2 and MC, and of Table NF-2331(a)-3 for
Class 3 supports.

(2) Charpy V-Notch Testing for Absorbed Energy
Values.The test results of the three specimens, collectively
and singly, shall meet the respective requirements of
Table NF-2331(a)-4 for Class 1, of Figure NF-2331(a)-1
for Classes 2 and MC, and of Figure NF-2331(a)-2 for
Class 3 supports.

(b) Apply the procedures of (a) to
(1) base material3
(2) the base material, the heat-affected zone, and

weld metal from the weld procedure qualification tests
of NF-4330

(3) the weld metal of NF-2431

NF-2333 Bolting Material

When impact testing is required, for bolting material
including studs, nuts, and bolts, test three Cv specimens
at the designated temperature. All three specimens shall
meet the requirements of Table NF-2333-1.

NF-2340 NUMBER OF IMPACT TESTS REQUIRED

NF-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-rolled. The term as-rolled
refers to the plate rolled from a slab or directly from an
ingot, not to its heat-treated condition.

NF-2342 Forgings and Castings

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

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

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

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

(e) Forgingsor castings larger than10,000 lb (4500kg)
shall have two tests per part for Charpy V-notch. The loca-
tionof Cv impact test specimens shall be selected so that an
equal number of specimens is obtained from positions in
the forging or casting 180 deg apart.

(f) As an alternative to (e) for static castings, a sepa-
rately cast test coupon (see NF-2226.3) may be used; one
test shall be made for Charpy V-notch.

Table NF-2331(a)-1
RequiredCvLateral ExpansionValues forClass 1 Support

Material Other Than Bolting

Nominal Wall Thickness,
in. (mm) Lateral Expansion, mils (mm)

5∕8 (16) or less No test required
Over 5∕8 to 1 (16 to 25), incl. 15 (0.38)
Over 1 (25) 25 (0.64)

Table NF-2331(a)-2
Required Cv Lateral ExpansionValues for Class 2 andMC

Support Material Other Than Bolting

Nominal Wall Thickness,
in. (mm) Lateral Expansion, mils (mm)

5∕8 (16) or less No test required
Over 5∕8 to 1 (16 to 25), incl. 15 (0.38)
Over 1 (25) 20 (0.50)

Table NF-2331(a)-3
RequiredCvLateralExpansionValues forClass3Support

Material Other Than Bolting

Nominal Wall Thickness,
in. (mm) Lateral Expansion, mils (mm)

5∕8 (16) or less No test required
Over 5∕8 (16) 15 (0.38)
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NF-2343 Bars and Rolled Shapes

(a) Forbars, one test shall bemade for eachdiameteror
size greater than 1 in. (25 mm) in each lot, where a lot is
defined as one heat of material

(1) as-rolled in one continuous operation or
(2) heat treated in one charge, or each 6,000 lb

(2700 kg) or less from one continuous operation
(b) For rolled shapes, the frequency of testing shall be

one test (a set of three specimens) for at least each 15
tons (14 000 kg) or each single length of 15 tons
(14000 kg) or more, of the same nominal shape size,
excluding length, for each heat in the as-rolled condition.
If the shapes are heat treated, one test shall be taken from
each heat of each nominal shape size, excluding length, in
each furnace lot. For shapes heat treated in a continuous
furnace, a lot shall not exceed 15 tons (14000 kg).

NF-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
whichareweldedwith fillermetal, oneadditional testwith
the specimens taken from theweld area shall also bemade
oneach lot. A lot shall bedefinedas stated in theapplicable
material specification, but in no case shall a lot consist of
products frommore than one heat ofmaterial and ofmore
than one diameter, with the nominal thickness of any
product included not exceeding that to be impact
tested by more than 1∕4 in. (6 mm); such a lot shall be
in a single heat treatment load or in the same continuous
run in a continuous furnace controlled within a 50°F
(28°C) range and equipped with recording pyrometers.

NF-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 the
following (in weight):

Diameter, in. (mm) Weight, lb (kg)
13∕4 (44) and less 1,500 (700)
Over 13∕4 to 21∕2 (44 to 64) 3,000 (1350)
Over 21∕2 to 5 (64 to 125) 6,000 (2700)
Over 5 (125) 10,000 (4500)

NF-2350 RETESTS

NF-2351 Retests for Class 1, 2, 3, and MC Material
Other Than Bolting

(a) For Charpy V-notch tests required by NF-2331 to
meet the acceptance standards of Tables NF-2331(a)-1,
NF-2331(a)-2, and NF-2331(a)-3, respectively, one
retest at the same temperature may be conducted,
provided

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

(2) notmore than one specimen per test is below the
minimum requirements, and

(3) the specimens not meeting the minimum re-
quirements are not lower than 5 mils (0.13 mm)
below the specified requirements.

Table NF-2331(a)-4
Required Cv Energy Values for Class 1 Support Material Other Than Bolting

Customary Units

Nominal Wall Thickness, in.

Energy, ft‐lb for Base Materials of Specified Minimum Yield Strength, ksi
55 ksi or Below Over 55 ksi to 75 ksi, Incl. Over 75 ksi to 105 ksi, Incl.

Average of 3 Lowest 1 of 3 Average of 3 Lowest 1 of 3 Average of 3 Lowest 1 of 3
5∕8 or less [Note (1)] … … … … … …
Over 5∕8 to 1, incl. [Note (2)] 15 10 20 15 25 20
Over 1 [Note (2)] 25 20 30 25 35 30

SI Units

Nominal Wall Thickness, mm

Energy, J for Base Materials of Specified Minimum Yield Strength, MPa

380 MPa or Below
Over 380 MPa to 515 MPa,

Incl.
Over 515 MPa to 725 MPa,

Incl.
Average of 3 Lowest 1 of 3 Average of 3 Lowest 1 of 3 Average of 3 Lowest 1 of 3

16 or less [Note (1)] … … … … … …
Over 16 to 25, incl. [Note (2)] 20 14 27 20 34 27
Over 25 [Note (2)] 34 27 41 34 47 41

NOTES:
(1) No test required.
(2) Whereweldmetal tests ofNF-2400aremade to these requirements, the impact energy shall conformto the requirements of either of thebase

materials being joined.
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Figure NF-2331(a)-1
Required Cv Energy Values for Class 2 and MC Support Material Other Than Bolting
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Minimum specified
    yield strength
$75 ksi (515 MPa)

65 ksi (450 MPa)

45 ksi (310 MPa)

#38 ksi (260 MPa)

55 ksi (380 MPa)

GENERAL NOTES:
(a) Interpolation between yield strengths shown is permitted.
(b) The lowest of three specimens tested shall not be less than 5 ft-lbf (7 J) below the average value required.
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Figure NF-2331(a)-2
Required Cv Energy Values for Class 3 Support Material Other Than Bolting
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GENERAL NOTES:
(a) Interpolation between yield strengths shown is permitted.
(b) The lowest of three specimens tested shall not be less than 5 ft-lbf (7 J) below the average value required.
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A retest consists of two additional specimens taken as
near aspracticable to the failed specimens. For acceptance
of the retests, both specimens shall meet the minimum
requirements.

(b) For Charpy V-notch tests required by NF-2331 to
meet the acceptance standards of Table NF-2331(a)-4,
one retest at the same temperature may be conducted
provided

(1) the average value of the test results meets the
“Average of 3” requirements specified.

(2) notmore than one specimen per test is below the
“Lowest 1 of 3” requirements specified.

(3) the specimen not meeting the requirements is
not lower than 5 ft-lb (7 J) below the “Lowest 1 of 3” re-
quirements specified.

(4) a retest consists of two additional specimens
taken as near as practicable to the failed specimens.
For acceptance of the retests, both specimens shall be
equal to or greater than the “Average of 3” requirements
specified.

NF-2352 Retests for Bolting for Charpy V-Notch
Tests

For Charpy V-notch tests of bolting required by
NF-2333 to meet the acceptance standards of Table
NF-2333-1, one retest at the same temperature may be
conducted, provided

(a) the average value of the test results meets the
minimum requirements.

(b) not more than one specimen per test is below the
minimum requirements.

(c) the specimens not meeting the minimum require-
ments are not lower than 5 mils (0.13 mm) below the
specified requirements.

(d) a retest consists of two additional specimens taken
as near as practicable to the failed specimens. For accep-
tance of the retests, both specimens shall meet the
minimum requirements.

NF-2360 CALIBRATION OF INSTRUMENTS AND
EQUIPMENT

Calibration of temperature instruments and Cv impact
testmachines used in impact testing shall be performed at
the frequency specified in (a) or (b).

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

(b) Cv impact test machines shall be calibrated and the
results recorded tomeet the requirements of NCA-4258.2.
The calibrations shall be performed using the frequency
and methods outlined in ASTM E23 and employing stan-
dard specimens obtained from the National Institute of
Standards and Technology, or any supplier of subcon-
tracted calibration services accredited in accordance
with the requirements of NCA-3126 and NCA-4255.3(c).

NF-2400 WELDING MATERIAL

NF-2410 GENERAL REQUIREMENTS

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

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

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

applies
(4) minimum tensile strength [see NF-2431.1(e)] in

either the as-welded or heat-treated condition, or both
[see NF-2431.1(c)]

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

(6) the preheat and interpass temperatures to be
usedduringwelding of the test coupon [seeNF-2431.1(c)]

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

(8) elements for which chemical analysis is required
per the SFA Specification or WPS and NF-2432

(9) minimum delta ferrite (see NF-2433)

NF-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

Table NF-2333-1
Required Cv Values for Bolting Material

Nominal Diameter,
in. (mm)

Lateral Expansion,
mils (mm)

1 (25) or less No test required
Over 1 (25) 25 (0.64)
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combination of lot of fabricated electrodes and lot of
submerged arc flux; for each combination of heat of
bare electrodes or lot of fabricated electrodes, and dry
blend of supplementary powdered filler metal, and lot
of submerged arc flux; or for each combination of heat
of bare electrodes and lot of electroslag flux. The defini-
tions in SFA-5.01 and the Lot Classes specified in (a)
through (e) below shall apply.

(a) each Lot Class C3 of covered electrodes.
(b) each Lot Class T2 of tubular-cored electrodes and

rods (flux cored or fabricated).
(c) each Lot Class S2 of fully metallic solid welding

consumables (bare electrode, rod, wire, consumable
insert, or powdered filler metal).

(d) eachLotClass S2of fullymetallic solidwelding elec-
trodes or each Lot Class T2 of tubular-cored (fabricated)
electrodes and each Lot Class F2 of submerged arc or elec-
troslag welding flux.

(e) each Lot Class S2of fullymetallic solidwelding elec-
trodes or each Lot Class T2 of tubular-cored (fabricated)
electrodes and each Lot Class F2 of submerged arc or elec-
troslag welding flux and each Lot Class S2 of supplemen-
tary powdered fillermetal. The chemical analysis range of
the supplemental powdered filler metal shall be the same
as that of thewelding electrode, and the ratio of powder to
electrode used to make the test coupon shall be the
maximum permitted for production welding.
In all cases, when filler metal of controlled chemical

composition (as opposed to heat control) is used, each
container of welding consumable shall be coded for iden-
tification and shall be traceable to the production period,
the shift, the manufacturing line, and the analysis of the
steel rod or strip. Carbon, manganese, silicon, and other
intentionally added elements shall be identified to ensure
that the material conforms to the SFA or user’s material
specification. The use of controlled chemical composition
is only permitted for carbon and low alloy steel consum-
ables. Tests performed on welding material in the quali-
fication of weld procedures will satisfy the testing
requirements for the lot, heat, or combination of heat
and batch of welding material used, provided the tests
required by Article NF-4000 and this subarticle are
made and the results conform to the requirements of
this Article.

NF-2430 WELD METAL TESTS

NF-2431 Mechanical Properties Test

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

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

(b) consumable inserts (backing filler material)

(c) weldingmaterial used for GTAW root deposits with
a maximum of two layers

(d) welding material to be used for the welding of base
ma te r i a l s exempted f rom impac t t e s t i ng by
NF -2311 (b ) ( 1 ) t h r ough NF -2311 (b ) ( 8 ) and
NF-2311(b)(11) and NF-2311(b)(12) shall likewise be
exempted from the impact testing required by this para-
graph

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

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

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

(c) The welding of the test coupon shall be performed
within the range of preheat and interpass temperatures
which will be used in production welding. Coupons shall
be tested in the as-welded conditionor they shall be tested
in the applicable postweld heat-treated condition when
the production welds are to be postweld heat-treated.
The postweld heat treatment holding time1 shall be at
least 80% of the maximum time to be applied to the
weld metal in production application. The total time
for postweld heat treatment of the test coupon may be
applied in one heating cycle. The cooling rate from the
postweld heat treatment temperature shall be of the
same order as that applicable to the weld metal in the
support. In addition, weld coupons for weld metal to
be used with the electroslag process that are tested in
the as-welded condition, or following a postweld heat
treatment within the holding temperature ranges of
Table NF-4622.1-1 or Table NF-4622.4(c)-1, shall have
a thickness within the range of 0.5 to 1.1 times the thick-
ness of the welds to be made in production. Electroslag
weld coupons to be tested following a postweld heat treat-
ment, whichwill include heating the coupon to a tempera-
ture above the “Holding Temperature Range” of Table
NF-4622.1-1 for the type of material being tested, shall
have a thickness within the range of 0.9 to 1.1 times
the thickness of the welds to be made in production.

(d) The tensile specimens, and theCv impact specimens
where required, shall be located and prepared in accor-
dance with the requirements of SFA-5.1, or the applicable
SFA specification. For impact specimen preparation and
testing, the applicable parts of NF-2321 shall apply. The
longitudinal axis of the specimen shall be at a minimum
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depth of 1∕4t from a surface, where t is the thickness of the
test weld.

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

(f) Impact specimens of the weld metal shall be tested
where impact tests are required for either of the base
materials of the production weld. The weld metal shall
conform to the requirements of NF-2331(a), 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.

NF-2431.2 Standard Test Requirements. In lieu of the
use of the General Test Requirements specified in
NF-2431.1, tensile and impact testsmay bemade in accor-
dancewith this subparagraphwhere they are required for
mild and low alloy steel covered electrodes; the material
combinations to require weld material testing, as listed in
NF-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).

(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 increased in size to obtain the
number of Cv specimens required by NF-2331(a),
where applicable.

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

(d) The tensile and Cv specimens shall be located and
prepared in accordance with the requirements of SFA-5.1
or SFA-5.5, as applicable.

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

NF-2432 Chemical Analysis Test

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

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

(a) A-No. 8weldingmaterial to be usedwithGTAWand
PAWprocesses and any otherweldingmaterial to be used
with any GTAW, PAW, or GMAWprocess shall have chem-
ical analysis performed either on the filler metal or on a
welddepositmadewith the fillermetal in accordancewith
(c) or (d).

(b) A-No. 8weldingmaterial to be usedwith other than
the GTAWandPAWprocesses and otherweldingmaterial
to be used with other than the GTAW, PAW, or GMAW
process shall have chemical analysis performed on a
weld deposit of the material or combination of materials
being certified in accordance with (c) or (d). The removal
of chemical analysis samples shall be from an undiluted
weld deposit made in accordance with (c). As an alterna-
tive, 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 speci-
fied limits apply for either the filler metal analysis or the
undiluted weld deposit analysis or for in situ cladding
deposit analysis in conformance with the above required
certification testing.

(c) The preparation of samples for chemical analysis of
undiluted weld deposits shall comply with the method
given in the applicable SFA Specification. Where a weld
deposit method is not provided by the SFA Specification,
the sample shall be removed from a weld pad, groove, or
other test weld4 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 bemade using the shielding gas composition
specified in the Welding Procedure Specification 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

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

Welding
Material GTAW/ PAW GMAW

All Other
Processes

A‐No. 8 filler
metal

Filler metal or
weld deposit

Weld deposit Weld
deposit

All other filler
metal

Filler metal or
weld deposit

Filler metal or
weld deposit

Weld
deposit
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chemical analysis is required for aweldingmaterialwhich
does not have amechanical properties test requirement, a
chemical analysis test coupon shall be prepared as
required by NF-2431.1(c), except that heat treatment
of the coupon is not required and the weld coupon thick-
ness requirements of NF-2431.1(c) do not apply.

(d) The alternate method provided in (b) 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 followed when the welding
material is consumed. The test weld shall be made in
conformance with the requirements of Section IX, QW-
214.1. The removal of chemical analysis samples shall
conform with Section IX, QW-453 for the minimum thick-
ness for which the Welding Procedure Specification is
qualified.

NF-2432.2ð23Þ Requirements for Chemical Analysis. The
chemical elements to be determined, the composition re-
quirements of theweldmetal, and the recording of results
of the chemical analysis shall be in accordance with (a)
through (c).

(a) Welding material of ferrous alloy A-No. 8 (Section
IX,TableQW-442) shall beanalyzed for theelements listed
in Table NF-2432.2(a)-1 and for any other elements speci-
fied either in the welding material specification refer-
enced by the Welding Procedure Specification or in the
Welding Procedure Specification.

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

(c) The results of the chemical analysis shall be
reported in accordance with NCA-1225.1. Elements
listed in Table NF-2432.2(a)-1 but not specified in the
welding material specification or Welding Procedure
Specification shall be reported for information only.

NF-2433 Delta Ferrite Determination

Adeterminationofdelta ferrite shall beperformedonA-
No. 8 weld material (see 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-5.4, Type
16-8-2, or A-No. 8 weld filler metal to be used for weld
metal cladding.

NF-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). Alterna-
tively, the delta ferrite determinations for welding mate-
rials may be performed by the use of chemical analysis of
NF-2432 in conjunction with Figure NF-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 NF-2432.1(c).

(c) Aminimum of six ferrite readings shall be taken on
the surface of the weld deposit. The readings obtained
shall be averaged to a single Ferrite Number (FN).

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

NF-2440 STORAGE AND HANDLING OF WELDING
MATERIAL

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

NF-2500 EXAMINATION AND REPAIR OF
MATERIAL

NF-2510 EXAMINATION AND REPAIR OF
MATERIAL OTHER THAN BOLTING

Material for supports shall be examined in accordance
with thematerial specification.Defectsmaybe repaired as
permitted by the material specification.

NF-2520 REQUIRED EXAMINATION AND
ACCEPTANCE STANDARDS FOR CLASS 1
SPRINGS

Spring coils for Class 1 variable, constant, and sway
brace standard supports shall be examined after
coiling by either the magnetic particle or liquid penetrant
method. Linear indications shall be removed by grinding
andblending. If thedepthof thegroundareaexceeds3%of
the bar diameter or thickness, the spring coil shall be
rejected.

Table NF-2432.2(a)-1
Welding Material Chemical Analysis

Materials Elements
Cr–Ni stainless materials C, Cr, Mo, Ni, Mn, Si, Cb
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NF-2530ð23Þ REQUIRED EXAMINATION AND
ACCEPTANCE STANDARDS FOR COILED
WIRE ROPE

Coiledwire rope shall be visually examined after coiling
and shall be free from kinks, loose strands, loose wires, or
broken protruding wires.

NF-2580 EXAMINATION OF BOLTING MATERIAL
AND RODS

The word rods as used in this subarticle is intended to
cover rods that are threaded. It also includes forged piston
rods if they are threaded for a portion of their length. It
does not apply to unthreaded bar stock.

NF-2581 Required Examinations

NF-2581.1 Class 1 Supports. All bolting material and
rods shall be visually examined in accordance with
NF-2582. In addition, nominal sizes greater than 2 in.

(50mm) shall be examined by either themagnetic particle
or liquid penetrant method in accordance with NF-2583.
Inaddition,nominal sizesgreater than4 in. (100mm)shall
be ultrasonically examined in accordance with NF-2584.

NF-2581.2 Class 2, 3, and MC Supports. Bolts, studs,
and nuts shall be examined in accordance with the re-
quirements of the material specification and NF-2582.

NF-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 accordancewith procedures qualified

Figure NF-2433.1-1
Delta Ferrite Content
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GENERAL NOTES:
(a) The actual nitrogen content is preferred. If this is not available, the following applicable nitrogen value shall be used:

(1) GMAW welds, 0.08%, except that when self‐shielding, flux‐cored electrodes are used, 0.12%
(2) welds made using other processes, 0.06%

(b) This diagram is identical to the WRC‐1992 Diagram, except that the solidification mode lines have been removed for ease of use.
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to NF-5100 or by personnel qualified in accordance with
NF-5500.

NF-2583 Magnetic Particle or Liquid Penetrant
Examination

All boltingmaterial and rods greater than 2 in. (50mm)
nominal size for Class 1 supports shall be examined by a
magnetic particle method or a liquid penetrant method.
Such examination shall be performed on the finished
bolting material after threading or on the material
stock at approximately the finished diameter before
threading and after heading (if involved). Linear nonaxial
indications are unacceptable. Linear axial indications
greater than 1 in. (25 mm) in length are unacceptable.

NF-2584 Ultrasonic Examination for Sizes Greater
Than 4 in. (100 mm)

All bolt ing material and rods greater than 4
in. (100 mm) nominal size for Class 1 supports shall
be ultrasonically examined over the entire cylindrical
surface prior to threading in accordance with the require-
ments of the following subparagraphs.

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

NF-2584.2 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
penetrationorbetter resolution.Thesearchunit area shall
not exceed 1 in.2 (650 mm2).

NF-2584.3 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.

NF-2584.4 Acceptance Standards. Any discontinuity
that causes an indication in excess of 20% of the
height of the first back reflection or any discontinuity
which prevents the production of a first back reflection
of 50% of the calibration amplitude is not acceptable.

NF-2586 Repair by Welding

Weld repairs of bolting material and rods are not
permitted.

NF-2600 MATERIAL MANUFACTURERS'
QUALITY SYSTEM PROGRAMS

NF-2610ð23Þ DOCUMENTATION AND MAINTENANCE
OF QUALITY SYSTEM PROGRAMS

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

(b) The requirementsofNCA-1224andNCA-1225shall
bemet as requiredbyNF-2130. The other requirements of
NCA-3300 and NCA-4200 need not be used by Material
Organizations for small products, as defined in (c), for
material used in items commensurate with their contri-
bution to safety or risk, as defined in (g) below; for brazing
material; and for material that is allowed by this Subsec-
tion to be furnished with a Certificate of Compliance. For
these products, the Certificate Holder’s Quality Assurance
Program (see NCA-4100) shall include measures to
provide assurance that the material is furnished in accor-
dance with the material specification and the require-
ments of this Subsection.

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

(1) pipe, tube, pipe fittings, and flanges of 2
in. (50 mm) nominal size and less

(2) bolting material, including studs, nuts, and bolts
of 2 in. (50 mm) nominal diameter and less

(3) structural material with a nominal cross-
sectional area of 2 in.2 (1 300 mm2) and less

(d) When impact testing is required in accordancewith
NF-2300, the material not exempted by NF-2311 shall be
furnished with Certified Material Test Reports in accor-
dance with NCA-1225.

(e) Structural materials, which are permitted by this
Section to be furnished with a Certificate of Compliance,
may be repaired by welding using welders, documenta-
tion, and examination requirements specified in SA-6 and
need not meet the requirements of NCA-4257.3.

(f) Materials manufactured to a Material Specification
prohibiting weld repair without user approval do not
require documentation to indicate that weld repairs
have not been performed.

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

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

(2) The Owner or the Owner’s designee has
permitted the exemption in the Design Specification
and shall specify to which items this exemption applies.
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ARTICLE NF-3000
DESIGN

NF-3100 GENERAL DESIGN REQUIREMENTS

NF-3110 LOADING CRITERIA

NF-3111 Loading Conditions

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

(a) weight of the piping or component and normal
contents under plant and systemoperating and test condi-
tions, including loads due to static and dynamic head and
fluid flow effects

(b) weight of the support
(c) superimposed static and thermal loads and reac-

tions induced by the supported system components
(d) dynamic loads, including loads caused by earth-

quake and vibration
(e) effects from piping thermal expansion
(f) anchor and support movement effects
(g) environmental loads such as wind and snow loads
(h) expansion or contraction of a component produced

by internal or external pressure
Guidelines for classification of these loadings into

primary, secondary, or peak are listed in NF-3120 and
NF-3220.

NF-3112 Design Loadings

The Design Loadings shall be established in accordance
with NCA-2142.1 and NF-3112.1 through NF-3112.3.

NF-3112.1 Design Temperature. The specified Design
Temperature shall be established in accordance with
NCA-2142.1(b). The metal temperature shall be deter-
minedby computationusingacceptedheat transferproce-
dures or by measurement from equipment in service
under plant and system equivalent operating conditions.
In lieu of heat transfer analysis or measurements, the
component or piping Design Temperature may be
used. In no case shall the temperature at the surface of
the metal exceed the maximum temperature listed in
Section II, Part D, Subpart 1, Tables 1A, 1B, 2A, 2B, 3,
4, and Y-1, or exceed the maximum temperature limita-
tions specified elsewhere in this Subsection.

NF-3112.2 Design Mechanical Loads. The specified
Design Mechanical Loads shall be established in accor-
dance with NCA-2142.1(c), and shall include all loads
from the component or piping acting on the support.

NF-3112.3 Design Stress Intensity and Allowable
Stress Values.When the procedures of design by analysis
(see NF-3220) are employed, the applicable design stress
intensity values Sm listed in Section II, Part D, Subpart 1,
Table 2A, 2B, and 4 shall be used. When the procedures of
linear elastic analysis (see NF-3320) are employed, the
allowable stress values shall be the applicable yield
strength values Sy listed in Section II, Part D, Subpart
1, Table Y-1 as modified by the design factors given in
NF-3322. The material shall not be used at metal and
design temperatures that exceed the temperature limit
in theapplicability column forwhich stressor stress inten-
sity values are listed. The values in the tablesmaybe inter-
polated for intermediate temperatures.

NF-3113 Service Conditions

Each Service Condition to which the piping or compo-
nent may be subjected shall be categorized in accordance
with NCA-2142.2, and Service Limits [see NCA-2142.4(b)]
shall be designated in the Design Specification in such
detail as will provide a complete basis for design in accor-
dance with this Article.

NF-3114 Test Conditions

The component and piping support loadings resulting
from test conditions shall be identified (see NCA-2142).

NF-3115 Design Interface

The design interface between the support and the
component shall be established in the Design Specifica-
tions [seeNCA-3211.19(c)]. In order to establish the inter-
face loads, a system analysis is performed (see Section III
Appendices, Mandatory Appendix XXVII, XXVII-1410). In
some cases, the design procedures or service limits
permitted for supports in this Article could result in
support behavior different from that utilized in the
system analysis. If necessary, the support Design Specifi-
cation shall restrict the design procedure or establish
more restrictive limits to reflect those utilized in the
system analysis.
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NF-3120 DESIGN CONSIDERATIONS

NF-3121 Terms Relating to Design by Analysis
NF-3121.1 General Considerations.

(a) Terms that are common to the design by stress
analysis of Plate- and Shell-Type, Linear-Type, and Stan-
dard Supports are defined in NF-3121.2 through
NF-3121.17.

(b) Terms unique to the design by stress analysis of
Plate- and Shell-Type Supports are defined in NF-3212.

(c) Terms unique to the design by stress analysis of
Linear-Type Supports are defined in NF-3313.

NF-3121.2 Primary Stress. Primary stress is any
normal stress or shear stress developed by an imposed
loading that is necessary to satisfy the laws of equilibrium
of external and internal forces and moments. The basic
characteristic of a primary stress is that it is not self-
limiting. Primary stresses that considerably exceed the
yield strength will result in failure or, at least, in gross
distortion. Primary membrane stress is divided into
general and local categories. A general primarymembrane
stress is one that is so distributed in the support that no
redistribution of load occurs in the support as a result of
yielding. Examples of primary stress are

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

(b) bending stress in a cantilever beamdue to a normal
end load
For evaluation purposes, stresses induced in the

support by restraint of free end displacement [see
NF-3111(e)] and anchor motion [see NF-3111(f)] of
piping are considered primary stresses.

NF-3121.3 Secondary Stress. Secondary stress is a
normal stress or a shear stress developed by the
constraint of adjacent material or by self-constraint of
the structure. The basic characteristic of a secondary
stress is that it is self-limiting. Local yielding and
minor distortions can satisfy the conditions that cause
the stress to occur, and failure from one application of
the stress is not to be expected.
Examples of secondary stress are
(a) general thermal stress [see NF-3121.11]
(b) bending stress at a gross structural discontinuity

NF-3121.4 PeakStress.Peak stress is that increment of
stress that is additive to the primary plus secondary
stresses by reason of local discontinuities or local
thermal stress (see NF-3121.11), including the effects,
if any, of stress concentrations. The basic characteristic
of a peak stress is that it does not cause any noticeable
distortion and is objectionable only as a possible source of
a fatigue crack or a brittle fracture. A stress that is not
highly localized falls into this category if it is of a type
that cannot cause noticeable distortion. Evaluation of

peak stresses in the support is not required by this
Subsection.

NF-3121.5 Normal Stress.Normal stress is the compo-
nent of stress normal to the plane of reference. This is also
referred to as direct stress. Usually the distribution of
normal stress is not uniform through the thickness of
apart, so this stress is considered tohave twocomponents,
one uniformly distributed and equal to the average stress
across the thickness under consideration, and the other
varying from this average value across the thickness.

NF-3121.6 Shear Stress. Shear stress is the component
of stress tangent to the plane of reference.

NF-3121.7 Membrane Stress. Membrane stress is the
component of normal stress that is uniformly distributed
and equal to the average stress across the thickness of the
section under consideration.

NF-3121.8 Bending Stress. Bending stress is the
component of normal stress that varies across the thick-
ness. The variation may or may not be linear.

NF-3121.9 Total Stress. Total stress is the sum of the
primary and secondary stress contributions. Recognition
of eachof the individual contributions is essential to estab-
lishment of appropriate stress limitations.

NF-3121.10 Critical Buckling. Critical buckling occurs
when a support is loaded to a state at which an infinite-
simal additional load or disturbance causes the support to
change froman equilibrium condition to one of instability.

NF-3121.11 Thermal Stress. Thermal stress is a self-
balancing stress produced by a nonuniform distribution
of temperature or by differing thermal coefficients of
expansion. Thermal stress is developed in a solid body
whenever a volume of material is prevented from
assuming the size and shape that it normally would
under a change in temperature. Evaluation of thermal
stresses in the support is not required by this Subsection.

NF-3121.12 Free EndDisplacement. Free end displace-
ment consists of the relative motions that would occur
between an attachment and connected structure or equip-
ment if the twomemberswere separated andpermitted to
move.

NF-3121.13 Anchor Point Motion Stress. Anchor point
motion stresses are those stresses resulting from the
differentialmotion of support points. An example is differ-
ential building settlement.

NF-3121.14 Gross Structural Discontinuity. Gross
structural discontinuity is a geometric or material discon-
tinuity that affects the stressor straindistribution through
the entire thickness of the member. Gross discontinuity-
type stresses are those portions of the actual stress distri-
butions that produce net bending and membrane force
resultants when integrated through the thickness.
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Examples of a gross structural discontinuity are head-to-
shell junctions, flange-to-shell junctions, nozzles, and
junctions between parts of different diameters or thick-
nesses.

NF-3121.15 Limit Analysis — Collapse Load. The
methods of limit analysis are used to compute the
maximum load or combination of loads a structure
made of ideally plastic (nonstrain-hardening) material
can carry. The deformations of an ideally plastic structure
increase without bound at this load, which is termed the
collapse load.

NF-3121.16 Collapse Load — Lower Bound. If, for a
given load, any system of stresses can be found which
everywhere satisfies equilibrium and nowhere exceeds
thematerial yield strength, using shape factors associated
with the cross sectionunder consideration, the load is at or
below the collapse load. This is the lower bound theorem
of limit analysis which permits calculations of a lower
bound to the collapse load.

NF-3121.17 Local Structural Discontinuity. Local
structural discontinuity is a geometric ormaterial discon-
tinuity that affects the stressor straindistribution through
a fractional part of the thickness. The stress distribution
associatedwith a local discontinuity causesonly very loca-
lized deformation or strain and has no significant effect on
the shell-type discontinuity deformations. Examples are
small fillet radii, small attachments, and partial penetra-
tion welds.

NF-3122 Piping or Component Deformation Limits

Deformation limits for the supported piping or compo-
nent shall be stipulated in the Design Specifications, if
required.

NF-3123 Functional Requirements

When a support is to be designed to perform a specific
function during any Service Condition, the functional re-
quirements shall be designated in the Design Specifica-
tions.

NF-3124 Rolling and Sliding Supports

(a) Rolling andsliding supports shall permit freemove-
ment of the piping or component, or the piping or compo-
nent shall be designed to include the imposed load and
frictional resistance of these types of supports; their
dimensions shall provide for the designed movement
of the supported piping or component.

(b) Sliding supports (or shoes) and brackets shall be
designed to accommodate the forces caused by friction
in addition to the loads imposed by bearing. The dimen-
sionsof the support shall provide for thedesignmovement
of the supported piping or component. Material and lubri-
cants used in sliding supports shall be suitable for the

environment of the metal at the point of sliding
contact and shall be specified in the Design Documents.

NF-3125 Sway Braces and Vibration Dampeners

Sway braces and vibration dampeners may be used to
limit the effects of vibration and may be of the rigid strut
(linear type) tension–compression type. If employed in
the design or added as a result of observation under
startup or initial operating conditions, the effect of
sway braces shall be included in the stress analysis of
the piping or component for all of the specified conditions.

NF-3127 Provisions for Movement of Supported
Piping or Component

Considerationshall begiven to therelativemotionof the
supported piping or component and the support. When
clearances or travel ranges or both are required to accom-
modate piping or component movements, sufficient
designmargins shall be introduced to allow for variations
due to fabrication and installation. Care shall be taken to
ensure that design clearances and travel ranges are based
on the maximum range that might occur between two
operating conditions and not necessarily on the
maximum cold to hot range. All parts of the support
shall be fabricated and assembled so that they will not
be disengaged by movement of the supported piping
or component. Supports needed only to provide stability
during Level C or Level D Service Conditions shall be
designed and installed so as not to overstress the
piping or component during Level A or Level B Service
Conditions.

NF-3128 ð23ÞSnubbers, Dampers, and Energy
Absorbers

The end connections of snubbers and energy absorbers
shall be designed to accommodate vertical and horizontal
movement of the piping or component, as required.
Dampers shall be properly oriented and installed in accor-
dance with manufacturer’s requirements.

NF-3130 GENERAL DESIGN REQUIREMENTS

NF-3131 Requirements for Acceptability

The requirements for acceptability of support design
are given in (a) through (e).

(a) The design shall be such that the stress intensity
values or the stress values (whichever are applicable)
will not exceed the limits given in this subarticle.
Table NF-3131(a)-1 indicates the rules and limits to be
used for the various classes and types of design proce-
dures. The applicable tables of allowable stress values
for materials to be used with a specific design procedure
are referenced in Table NF-2121(a)-1.

(b) The design procedure shall be one of those given in
Table NF-3131(a)-1 as being applicable to supports.
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Table NF-3131(a)-1
ð23Þ Reference Paragraphs for Procedures for Design of Component Supports, Piping Supports, and Standard Supports

Type and Class of
Support

Plate and Shell Linear
Design by
Analysis Bolting Weld Joint

Experimental
Analysis

Load
Rating

Design by
Analysis Bolting Weld Joints

Experimental
Analysis

Load
Rating

Component
Class 1 NF-3220,

NF-3522
NF-3225,
NF-3525

NF-3226,
NF-3526

NF-3270 NF-3280 NF-3320,
NF-3523

NF-3324,
NF-3525

NF-3324,
NF-3526

NF-3370 NF-3380

Class 2 and MC
[Note (1)]

NF-3250,
NF-3552

NF-3255,
NF-3555

NF-3256,
NF-3556

NF-3270 NF-3280 NF-3350,
NF-3553

NF-3324,
NF-3555

NF-3324,
NF-3556

NF-3370 NF-3380

Class 3 NF-3260,
NF-3552

NF-3265,
NF-3555

NF-3266,
NF-3556

NF-3270 NF-3280 NF-3360,
NF-3553

NF-3324,
NF-3555

NF-3324,
NF-3556

NF-3370 NF-3380

Piping
Class 1 NF-3220,

NF-3622
NF-3225,
NF-3625

NF-3226,
NF-3626

NF-3270 NF-3280 NF-3320,
NF-3623

NF-3324,
NF-3625

NF-3324,
NF-3626

NF-3370 NF-3380

Class 2 NF-3250,
NF-3652

NF-3255,
NF-3655

NF-3256,
NF-3656

NF-3270 NF-3280 NF-3350,
NF-3653

NF-3324,
NF-3655

NF-3324,
NF-3656

NF-3370 NF-3380

Class 3 NF-3260,
NF-3652

NF-3265,
NF-3655

NF-3266,
NF-3656

NF-3270 NF-3280 NF-3360,
NF-3653

NF-3324,
NF-3655

NF-3324,
NF-3656

NF-3370 NF-3380

Standard
Class 1 [Note (1)] NF-3220,

NF-3422
NF-3225,
NF-3425

NF-3226,
NF-3426

NF-3270 NF-3280 NF-3320,
NF-3423

NF-3324,
NF-3425

NF-3324,
NF-3426

NF-3370 NF-3380

Class 2 [Note (1)] NF-3250,
NF-3452

NF-3255,
NF-3455

NF-3256,
NF-3456

NF-3270 NF-3280 NF-3350,
NF-3453

NF-3324,
NF-3455

NF-3324,
NF-3456

NF-3370 NF-3380

Class 3 NF-3260,
NF-3452

NF-3265,
NF-3455

NF-3266,
NF-3456

NF-3270 NF-3280 NF-3360,
NF-3453

NF-3324,
NF-3455

NF-3324,
NF-3456

NF-3370 NF-3380

NOTE: (1) Supports for Class 2 vessels designed to NCD-3200 shall be designed in accordance with Class 1 requirements.
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(c) The design details shall conform to the rules of this
subarticle or to those referenced herein.

(d) For configurations where compressive stresses
occur, the critical buckling stress shall be taken into
account in addition to the requirements of (a), (b), and (c).

(e) For Class 1 supports, protection against nonductile
fracture shall be provided. An acceptable procedure for
nonductile failure prevention is given in Section III Appen-
dices, Nonmandatory Appendix G.

NF-3132 Dimensional Standards

Dimensions of supportsmay complywith the standards
and specifications listed in Table NCA-7100-1 but are not
mandatory. Compliance with these standards does not
replace or eliminate the requirements for stress analysis
or load rating.

NF-3133 Stress Analysis

A detailed stress analysis or Design Report, as required
by NCA-3211.40(e) for all supports, shall be prepared in
sufficient detail to show that each of the stress limits of
NF-3200 or NF-3300 is satisfied when the support is
subjected to the loadings of NF-3110.

NF-3134 Support Tolerances

(a) Tolerances shall be specified by the designer in the
designoutputdocuments. Fabrication tolerancesand local
installation tolerances as contained in Nonmandatory
Appendix NF-D are only mandatory when invoked by
the designer.

(b) When specifying the support tolerances, the
support designer shall consider the piping support loca-
tion/orientation tolerances specified by the piping
designer (Section III Appendices, Nonmandatory Appen-
dix T, T-1230).

NF-3140 GENERAL DESIGN PROCEDURES

NF-3141 Types of Procedures

(a) The design procedure whichmay be used is depen-
dent on the typeof support beingdesignedand theClass of
construction involved. Three design procedures are
recognized, namely

(1) design by analysis
(-a) maximum shear stress theory
(-b) maximum stress theory

(2) experimental stress analysis (Section III Appen-
dices, Mandatory Appendix II)

(3) load rating
(b) Unless either the experimental stress analysis

procedure or the load rating procedure is used, the re-
quirements of the following paragraphs apply.

NF-3142 Plate- and Shell-Type Supports —
Analysis Procedure

NF-3142.1 Elastic Analysis.

(a) Elastic analysis used in the design of Plate- and
Shell-Type Supports of Class 1 construction shall be
based on maximum shear stress theory in accordance
with the rules of NF-3200.

(b) Elastic analysis used in the design of Plate- and
Shell-Type Supports of Class 2, 3, and MC construction
shall be based on maximum stress theory. Supports for
Class 2 vessels designed to NCD-3200 shall be designed
in accordance with Class 1 requirements.

NF-3142.2 Limit Analysis.

(a) Limit analysis used in the design of Plate- and Shell-
Type Supports of Class 1 construction shall be in accor-
dance with the procedures of NF-3221.4.

(b) Limit analysis used in the design of Plate- and Shell-
TypeSupports ofClass2, 3, andMCconstruction shall be in
accordance with the procedures of NF-3251.4.

NF-3143 Linear-Type Supports — Analysis
Procedure

(a) Theanalysis procedure shall complywith (1) or (2).
(1) Elastic analysis based onmaximum stress theory

in accordance with the rules of NF-3300 shall be used for
thedesignof Linear-TypeSupports for Class 1, 2, 3, andMC
construction.

(2) Limit analysis in accordancewith the procedures
of NF-3340 shall be used in the design of Linear-Type
Supports for Class 1, 2, 3, and MC construction.

(b) High cycle fatigue analysis in accordance with
procedures of NF-3330 shall be used in the design of
Linear-Type Supports for Class 1 construction when
members and their connections are subject to high
cycle fatigue as defined in NF-3331.

NF-3144 StandardSupports—AnalysisProcedure

Standard Supports designed by analysis shall be
designed to either the requirements of NF-3142 or
NF-3143, according to whether they are Plate- and
Shell-Type or Linear-Type Standard Supports.

NF-3200 DESIGN RULES FOR PLATE- AND
SHELL-TYPE SUPPORTS

NF-3210 GENERAL REQUIREMENTS

NF-3211 Basis for Determining Stresses in Design
by Analysis

The theory of failure used in the rules of this Subsection
for combining stresses for the design of Class 1 Plate- and
Shell-Type Supports is the maximum shear stress theory;
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for Class 2, 3, and MC Plate- and Shell-Type Supports, it is
the maximum stress theory.

NF-3212 Definitions

Terms used in the design of Plate- and Shell-Type
Supports by stress analysis are defined in NF-3121
and in NF-3212.1 below.

NF-3212.1 Stress Intensity. Stress intensity is defined
as twice themaximum shear stresswhich is the difference
between the algebraically largest principal stress and the
algebraically smallest principal stress at a given point.
Tensile stresses are considered positive and compressive
stresses are considered negative.
This definition of stress intensity is not related to the

definition of stress intensity applied in the field of fracture
mechanics.

NF-3220 DESIGN BY ANALYSIS FOR CLASS 1

NF-3221 Stress Limits

Stress limits for elements of Class 1 supports are given
in this paragraph. Stress limits for bolts and welds are
given in NF-3225 and NF-3226. General requirements
concerning stress determinations, definitions, derivations
of stress intensities, and classificationof stresses are given
in NF-3210.
Plate- and Shell-Type Supports may be designed by

either elastic or limit analysis, stress intensity limits
for which are given in NF-3221.1 through NF-3221.4.

NF-3221.1 Design Limits. The stress intensity limits
which must be satisfied for the Design Loadings stated
in the Design Specification are the two limits of this para-
graphand the Special StressLimits ofNF-3223. Thedesign
stress intensity values Sm are given in NF-3224.

(a) General primary membrane stress intensity Pm is
derived from the average value across the thickness of a
section of the general primary stresses producedby speci-
fied DesignMechanical Loads, but excluding all secondary
stresses. Averaging is to be applied to the stress compo-
nents prior to determination of the stress intensity values.
The allowable value of this stress intensity is Sm at the
Design Temperature.

(b) Primary membrane plus primary bending stress
intensity Pm + Pb is derived from the highest value
across the thickness of a section of the general membrane
stresses plus primary bending stresses produced by the
specified Design Mechanical Loads, but excluding all
secondary stresses. The allowable value of this stress
intensity is 1.5Sm.

NF-3221.2 Service Level A Through D Service Limits.
The rules and stress limits which must be satisfied in an
elastic analysis for any Level A throughDService Loadings
stated in the Design Specification are those given in
NF-3221.1 and NF-3223 multiplied by the appropriate

stress intensity limit factor from Table NF-3221.2-1 for
the particular loading and stress categories.

NF-3221.3 Test Limits. The rules and stress limits
which must be satisfied for any Test Loadings stated in
the Design Specification are those given in NF-3221.1
and NF-3223 multiplied by the appropriate stress inten-
sity limit factor inTableNF-3221.2-1underTest Loadings.

NF-3221.4 Limit Analysis. The limits on primary
membrane plus primary bending stress intensity [see
NF-3221.1(b)] need not be satisfied at a specific location
if it canbe shownbymeansof limit analysis or by tests that
the specified loadings do not exceed two-thirds of the
lower bound collapse load for Design Loadings and
Service Level A and B Loadings, and do not exceed 0.8
times the lower bound collapse load for Service Level
C Loadings. Service Level D Loadings shall not exceed
0.9 times the lower bound collapse load. For Service
Level D, the lower bound collapse loadmaybe determined
using a yield stress in the analysis that is the greater of
1.2Sy and 1.5Sm, but not larger than 0.7Su. Formaterials in
Section II, Part D, Subpart 1 for which allowable stresses,
or stress intensities, may reach 90% of the yield strength
Sy at temperature, the specified loading shall not exceed
the product of the applicable permanent strain limiting
factor of Section II, Part D, Subpart 1, Table Y-2 times
the lower bound collapse load.

NF-3222 Derivation of Stress Intensities

One requirement for the acceptability of a design (see
NF-3130) is that the calculated stress intensities shall not
exceed specified allowable limits. These limits differ
depending on the stress category (primary, secondary,
etc.) fromwhich the stress intensity is derived. This para-
graph describes the procedure for the calculation of the
stress intensities which are subject to the specified limits.
The steps in the procedure are stipulated in (a) through
(e).

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

(b) Calculate the stress components for each type of
loading to which the item will be subjected and assign
each set of stress values to one or a group of the following
categories:

(1) general primary membrane stress Pm (see
NF-3121.7)

(2) primary bending stress Pb (see NF-3121.8)
(3) secondary stress Q (see NF-3121.3)

(c) For each category, calculate the algebraic sumof the
values ofσt that result from the different types of loadings,
and similarly for the other five stress components. Certain
combinations of the categories must also be considered.
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Table NF-3221.2-1
ð23ÞElastic Analysis Stress Categories and Stress Limit Factors for Class 1 Plate‐ and Shell‐Type Supports

Designed by Analysis

Stress Category

Stress Limit Factors for Loading Categories [Note (1)]

Design Service Level A
Service Level B

[Note (2)]
Service Level C

[Note (3)] Service Level D Test Loadings
Primary stresses
[Notes (4), (5)]

Km = 1.0 Km = 1.0 Km = 1.33 Km = 1.5 Km = greater of 1.5
or 1.2Sy/Sm
[Note (6)]

Km = 1.33

Kv = 1.0 Kv = 1.0 Kv = 1.33 Kv = 1.5 Kv = greater of 1.5
or 1.2Sy/Sm
[Note (7)]

Kv = 1.33

Kbk = 1.0 Kbk = 1.0 Kbk = 1.33 Kbk = 1.5 Kbk = greater of 1.5
or 1.2Sy/Sm

Kbk = 1.33

but stress ≤ 1∕2 of
critical buckling
stress

but stress ≤ 1∕2 of
critical buckling
stress

but stress ≤ 1∕2 of
critical buckling
stress

but stress ≤ 1∕2 of
critical buckling
stress

but stress ≤ 1∕2 of
critical buckling
stress [Note (8)]

but stress ≤ 1∕2 of
critical buckling
stress

Primary plus
secondary
stresses
[Notes (5), (9)]

Evaluation is required for critical buckling for all loading categories. The requirements of this subarticle shall bemet for this
evaluation.

Peak stresses Evaluation not required.

GENERAL NOTE:
Kbk = stress limit factor applicable to theDesign allowablemembrane stress intensity ormembraneplus bending stress intensity (compres-

sion only)
Km = stress limit factor applicable to the Design allowable membrane stress intensity or membrane plus bending stress intensity (see

NF-3221.1 and NF-3221.2)
Kv = stress limit factor applicable to the Design allowable shear stress (see NF-3223.2)

NOTES:
(1) Control of deformation is not assured by these stress limit factors. When required by Design Specification, deformation control must be

considered separately.
(2) Km, Kv, and Kbk = 1.0 for design of snubbers, dampers, and energy absorbers.
(3) Stress shall not exceed 0.7Su.
(4) For Service Levels A, B, C, andD, stresses induced on the supports by restraint of free‐enddisplacement and anchormotions of piping shall be

considered as primary stresses.
(5) Thermal stresses within the support as defined by NF-3121.11 need not be evaluated.
(6) Primary membrane stress intensity shall not exceed 0.7Su.
(7) Shear stress shall not exceed 0.42Su.
(8) Two-thirds of the critical buckling stress may be used, provided the critical buckling stress is determined by one of the following methods:

(a) comprehensive analysis that considers effects such as geometric imperfections, deformations due to existing loading conditions,
nonlinearities, large deformations, residual stresses, and inertial forces

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

(9) ServiceLevelsAandB, primaryplus secondary stresses shall be limited to a rangeof2Syor Suat temperature,whichever is less for component
supports only.
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(d) Translate the stress components for the t, l, and r
directions into principal stresses σ1, σ2, and σ3.

(e) Calculate thestressdifferencesS12,S23, andS31 from
the following equations:

=S12 1 2

=S23 2 3

=S31 3 1

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

NF-3223 Special Stress Limits

The following deviations from the basic stress limits are
provided to cover special Service Loadings or configura-
tions. Some of these deviations are more restrictive and
some are less restrictive than the basic stress limits. In
cases of conflict between these requirements and the
basic stress limits, the rules of this paragraph take prece-
dence for the particular situations to which they apply.

NF-3223.1 Bearing Loads.

(a) The average bearing stress for resistance to
crushing under the maximum load, experienced as a
result of Design Loadings, Test Loadings, or any
Service Loadings, except those for which Level D
Limitsaredesignated, shall be limited toSyat temperature,
except that when the distance to a free edge is larger than
the distance over which the bearing load is applied, a
stress of 1.5Sy at temperature is permitted.

(b) When bearing loads are applied near free edges,
such as at a protruding ledge, the possibility of a shear
failure shall be considered. The average shear stress
shall be limited to 0.6Sm in the case of primary stress
(see NF-3121.2) and 0.5Sy in the case of primary stress
plus secondary stress (see NF-3121.9).

(c) When considering bearing stresses in pins and
similar members, the Sy at temperature is applicable,
except that a value of 1.5Sy may be used if no credit is
given to the bearing area within one pin diameter
from a plate edge.

(d) Except for pinned and bolted joints, bearing
stresses need not be evaluated for loads for which
Level D Service Limits apply.

NF-3223.2 Pure Shear.

(a) The average primary shear stress across a section
loaded in pure shear, experienced as a result of Design
Loadings, Test Loadings, or any Service Loadings,

except those for which Level D Limits are designated,
shall be limited to 0.6Sm.

(b) The maximum primary shear, experienced as a
result of Design Loadings, Test Loadings, or any
Service Loadings except those for which Level D Limits
are designated, exclusive of stress concentration at the
periphery of a solid circular section in torsion, shall be
limited to 0.8Sm.

(c) Primary plus secondary shear stresses shall be
converted to stress intensities (equal to two times
pure shear stress) and as such shall not exceed the
basic stress limits of Table NF-3221.2-1.

NF-3223.3 Triaxial Stresses. The algebraic sum of the
three primary principal stresses (σ1 + σ2 + σ3) shall not
exceed four times the tabulated value of Sm.

NF-3223.4 Applications of Elastic Analysis for
Stresses Beyond the Yield Strength. Certain of the allow-
able stresses permitted in the design criteria are such that
the maximum stress calculated on an elastic basis may
exceed the yield strength of the material.

NF-3223.5 Buckling. Plate- and shell-type support
structures are typically composed of rectangular plates,
shells, and tubular structural members. Care should be
used when using open cross-sections (angles, channels,
I-beams, etc.) because these items are susceptible to
torsional and lateral-torsional buckling.
The allowable compressive stress values for plates and

shells for all loadings associated with Design, Level A,
Level B, and Level C Service Limits shall be determined
by one of the following:

– classical buckling analysis (a) or (b) reduced by
margins that reflect thedifferencebetween the theoretical
and actual load capacities

– inelastic buckling analysis (d)
– detailed stability analysis, such as by the finite

element method
For all loadings associated with Level D Service Limits

(c), the same limitations on methodology (d) used for
Design and Level A Service Limit loads shall be followed,
but the allowable compressive stress values shall be
adjusted per the requirements of Table NF-3221.2-1.
The material properties used in calculating compres-

sive stresses and critical buckling stresses shall be
those at temperature coincident with the loading.
For thin elements such as shells with a diameter-to-

thickness ratio of greater than 70 and plates with a
length-to-thickness ratio of greater than 60, determina-
tion of the critical buckling stress shall give additional
consideration to the influence of tolerances and the differ-
ences between theoretical results and actual test results.
Appropriate knockdown factors shall be used and the
justification of the value used shall be included in the
Design Report.
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(a) Cylindrical Shells Under Axial Compression. The
allowable compressive stress to be used in the design
of cylindrical shells and tubular products subjected to
loadings that produce longitudinal compressive stresses
in the shell or wall shall be the lesser of the values given in
(1) or (2) below.

(1) The Sm value for the applicablematerial atDesign
Temperature (or the temperature under consideration for
operating loadings associated with Level A, B, C, or D
Service Limits) given in Section II, Part D, Subpart 1,
Tables 2A and 2B.

(2) The value of B shall be determined from the ap-
plicable chart contained in Section II, Part D, Subpart 3 in
the manner given in Steps 1 through 5

Step 1. Calculate the value of factor A using the
following equation:

=A R T0.125/( / )

where

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

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

Step 2. Using the value ofA calculated in Step1, enter
theapplicablematerial chart inSection II, PartD, Subpart3
for thematerial under consideration.Move vertically to an
intersection with the material/temperature line for the
Design Temperature (or the temperature under consid-
eration for operating loadings associated with Level A,
B, C, or D Service Limits). 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 thematerial/
temperature line. For values of A falling to the left of the
material/temperature line, see Step 4.

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

Step 4. For values of A falling to the left of the ap-
plicable material/temperature line, the value of B shall be
calculated using the following equation (where E is the
modulus of elasticity at Design Temperature or the
temperature under consideration for operating loadings
associated with Level A, B, C, or D Service Limits):

=B AE/2

This is themaximumallowable compressive stress for the
values of T and R used in Step 1.

Step 5. Compare the value of B determined in Step 3
or Step 4 with the computed longitudinal compressive
stress in the cylindrical shell or tube, using the selected

values of T and R. If the value of B is smaller than the
computed compressive stress, a greater value of T
shall be selected and the design procedure repeated
until a value of B is obtained (the allowable compressive
stress) that is greater than the compressive stress
computed for the loading on the cylindrical shell or tube.

(b) Rectangular Plates Under Compressive Loading. The
support members that are subjected to compressive
loading shall be designed based on the performance of
the individual members rather than the entire structure.
The elastic stress analysis of the support shall be
performed to determine the axial forces and moments
on individual members. These forces and moments
shall be used to size the members in accordance with
the allowable compressive stress provided in (3).

(1) Rectangular Plate Under Uniaxial Compression.
The critical buckling stress σcr for a plate of dimension
a by b and thickness t shall be calculated using the
following equation:

a

b
sx

= i
k
jjj y

{
zzzK E t

b1
cr 2

2
(1)

In the above equation, E is the elastic modulus of the
plate material at operating temperature, ν is Poisson’s
ratio, and K is the plate buckling coefficient, which is a
function of the boundary conditions of the plate. The
smaller plate width should be greater than 10 times
the thickness of the plate.

The plate geometry, the values of K for various
boundary conditions, and a/b ratios are given in
Table NF-3223.5-1. Values of K are provided for
various combinations of simply supported, clamped,
and free edge constraints. Values not provided in the
table shall be justified in the Design Report. K values
for other combinations of edge constraints shall be justi-
fied in the Design Report.

(2) Rectangular Plate Under Biaxial Compression.The
critical buckling stress shall be calculated using the
following equations for a plate under biaxial compression
that has all edges simply supportedwhen the smaller plate
width is greater than 10 times the thickness of the plate:
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b

a

sx

sy

+ = +
i
k
jjjjj

y
{
zzzzz

m
a

n
b

E
v

t
m
a

n
b

0.823
1

x cr y cr( )
2

2 ( )
2

2 2
2

2

2

2

2

2
(2)

Herem and n are integers and denote the number of
half waves in which a plate buckles in the x and y direc-
tions, respectively. The positive values of the σx and σy

indicate compressive stresses. Equations (2) through
(6) provide the values of σx and σy at which buckling
may occur. For a given σx , σy(cr) shall be determined
from the above equation taking m = 1 and n = 1, if the
following inequality is satisfied:

< < +
i
k
jjjjj

y
{
zzzzz

i
k
jjjjj

y
{
zzzzzC

a
b

C
a
b

1 4 5 2x
4

4

2

2
(3)

where

=
( )

C Et

v a

0.823

1

2

2 2
(4)

If σx is too large to satisfy the inequality in eq. (3),
taking n = 1, the value ofm shall be determined that satis-
fies the inequality in eq. (5)

Table NF-3223.5-1
Values of K for Various Boundary Conditions and a/b Ratios

b
a

a

b

a/b

K

All Edges
Simply

Supported

Edges b Simply
Supported, Edges

a Clamped

Edgesb Simply Supported, One
Edge a Simply Supported and

Other Free

Edges b Simply
Supported, One Edge a
Clamped and Other Free

Edges b Clamped,
Edges a Simply
Supported

All Edges
Clamped

0.2 22.2 … … … … …
0.3 10.9 … … … … …
0.4 6.92 7.76 … … … …
0.5 … 6.32 3.62 … … …
0.6 4.23 5.80 … … 11.0 …
0.7 … 5.76 … … … …
0.8 3.45 6.00 … … 7.18 …
1.0 3.29 6.32 1.18 1.40 5.54 7.70
1.1 … … … 1.28 … …
1.2 3.40 5.80 0.934 1.21 4.80 …
1.3 … … … 1.16 … …
1.4 3.68 5.76 0.784 1.12 4.48 …
1.5 … … … 1.10 … …
1.6 3.45 6.00 0.687 1.09 4.39 …
1.7 … … … 1.09 4.39 …
1.8 3.32 5.80 0.622 1.10 4.26 …
1.9 … … … 1.12 … …
2.0 3.29 … 0.574 1.14 3.99 6.70
2.1 … 5.76 … … … …
2.2 3.32 … … 1.19 … …
2.4 3.40 … … 1.21 … …
2.5 … … 0.502 … 3.72 …
2.7 3.32 … … … … …
3.0 3.29 … 0.464 … 3.63 6.40
4.0 … … 0.425 … … …
5.0 … … 0.416 … … …
∞ 3.29 5.73 … … … 5.73
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+ + <

< + + +

i
k
jjjjj

y
{
zzzzz

i
k
jjjjj

y
{
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C m m
a
b

C m m
a
b

2 2 1 2

2 2 1 2

x
2

2

2

2
2

2

(5)

Using the calculated value ofm and n = 1, eq. (2) shall
be used to provide the critical buckling stress, σy(cr).

If σx is too small to satisfy eq. (3), taking m = 1, the
value of n shall be determined that satisfies the inequality
in eq. (6).

> > +
i
k
jjjjj

y
{
zzzzz

i
k
jjjjj

y
{
zzzzzC n n a

b
C n n a

b
1 ( 1) 1 ( 1)x

2 2
4

4
2 2

4

4
(6)

Using the calculated value of n andm = 1, eq. (2) shall
be used to calculate the critical buckling stress σy(cr).

(3) Allowable Compressive Stress. For Design Load-
ings and loadings for which Design and Level A and
Level B and Level C Service Limits, respectively, are desig-
nated, the allowable compressive stress shall be one-half
of the critical buckling stress as calculated in (1) or (2)
above but shall not exceed Sm for compressive primary
membrane stress and 1.5Sm for compressive primary
membrane plus primary bending stress.

(c) Allowable Elastic Compressive Stress for Level D
Service Limits. For loadings for which Level D Service
Limits are designated, the allowable compressive
stress values shall be adjusted per the requirements of
Table NF-3221.2-1.

(d) Inelastic Buckling. An inelastic buckling analysis of
plates and shells subject to compressive loadings for
which Design, Level A, Level B, Level C, or Level D
Service Limits are designated shall be performed when
the actual compressive stress exceeds 0.375Sm and the
calculated elastic critical buckling stress (σcr) exceeds
0.75Sm.
Alternatively, when the actual compressive stress

exceeds 0.375Sm but is less than 0.60Sm and the calculated
elastic critical buckling stress (σcr) exceeds 0.75Sm but is
less than 1.2Sm, an elastic buckling analysis may be used
provided theallowable compressive stressesof (a) and (b)
are reduced by 20%.
Finite element methods and testing are recommended

for stability analysis of plates in the inelastic region. If
finite element analyses are used, the methods and
margins shall be justified in the Design Report.

NF-3224 Design Stress Values

The design stress intensity values Sm are given in
Section II, Part D, Subpart 1, Tables 2A, 2B, and 4 for
support material. Values for intermediate temperatures
may be found by interpolation. Values of yield strength
and ultimate tensile strength are given in Section II,
Part D, Subpart 1, Tables Y-1 and U, respectively.
Values of the coefficient of thermal expansion and of

the modulus of elasticity are given in Section II, Part D,
Subpart 2, Tables TE and TM.

NF-3225 Design of Bolting

NF-3225.1 Design Limits. The rules and stress limits
that must be satisfied for any Design Loading stated in
the Design Specification are those given in NF-3324.6.

NF-3225.2 Service Limits, Level A Through D. The
rules and stress limits which must be satisfied for any
Level A through D Service Loading stated in the Design
Specification are those given in NF-3324.6 multiplied
by the appropriate stress limit factor for the particular
service loading level and stress category specified in
Table NF-3225.2-1. Table NF-3225.2-1 establishes addi-
tional stress limits based on the yield and tensile strength
of the material at temperature.

NF-3225.3 Test Limits. The rules and stress limits that
must be satisfied for any Test Loadings stated in the
Design Specification are those given in NF-3324.6 multi-
plied by the appropriate stress limit factor for the parti-
cular Service Loading Level and stress category specified
in Table NF-3225.2-1.

NF-3225.4 Friction-Type Joints. Multiplying factors
normally used to increase the allowable limits for
Service Level B, C, and D are not applicable to friction-
type joints [see NF-3324.6(a)(4)].

NF-3226 Design of Welded Joints

NF-3226.1 Permissible Types of Welded Joints in
Plate- and Shell-Type Supports. All welded joints in
Plate- and Shell-Type Supports shall be continuous and
shall be of one of the types listed in (a) through (c).
Typical examples of those permitted types are shown
in Figure NF-3226.1-1. Fillet and partial penetration
welds shall meet the requirements of NF-3324.5(d),
except that NF-3324.5(d)(7) does not apply.

(a) Butt Joints. Butt joints shall be one of the following:
(1) full penetration, single or double welded [see

Figure NF-3226.1-1, sketches (a-1) and (a-2)].
(2) partial penetration, double welded [see

Figure NF-3226.1-1, sketch (b)].
(3) the applicable welds may be either square

groove, V groove, bevel groove, J groove, U groove,
f l a r e V g r o o v e , o r f l a r e b e v e l g r o o v e [ s e e
Figure NF-3226.1(a)-1].

(4) when angle joints are used for connecting a tran-
sition in diameter to a cylinder, the angle α of
Figure NF-3226.1-1, sketch (f) shall not exceed 30 deg.

(5) A tapered transition having a length not less than
three times the offset between the adjacent surfaces of
abutting sections, as shown in Figure NF-3226.1(a)-2,
shall be provided at joints between sections that differ
in thickness by more than one-fourth of the thickness
of the thinner section or by more than 1∕8 in. (3 mm),
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whichever is less. The transition may be formed by any
process thatwill provideauniformtaper. Theweldmaybe
partly or entirely in the tapered section, or adjacent to it.
This paragraph also applies when there is a reduction in
thickness within a spherical shell, or cylindrical course or
plate.

(6) When the use of backing ringswill result in unde-
sirable conditions such as severe stress or corrosion, the
requirements of NF-4240 shall be met.

(b) Corner Joints. Corner joints shall be one of the
following:

(1) full penetration, as shown in FigureNF-3226.1-1,
sketch (d-1)

(2) partial penetration with a fillet weld as shown in
Figure NF-3226.1-1, sketches (d-2) and (d-3)

(3) the applicable welds are fillet, square groove, V
groove, bevel groove, U groove, J groove, flare V groove
and flare bevel groove

(c) Tee Joints. Tee joints shall be one of the following:
(1) full penetration, FigureNF-3226.1-1, sketches (c)

and (g)
(2) partial penetration, double welded with or

without additional fillet welds, Figure NF-3226.1-1,
sketch (e)

(3) partial penetration, single welded between the
end surface of a closed tubular section or a closed
formed section, Figure NF-3226.1-1, sketch (h)

(4) the applicableweldsmaybe square groove, bevel
groove, J groove, flare V groove or flare bevel groove

NF-3226.2 Stress Intensities and Stress Limits for
Welded Joints in Plate- and Shell-Type Supports.

(a) Design Limits. The stress intensity and allowable
stress limits which must be satisfied for welds for the
Design Loadings stated in the Design Specification shall
be the following:

(1) Full Penetration Groove Welds. The stress inten-
sity limits for full penetration groove welds shall not
exceed the applicable stress intensity value for the
base metal being joined, as specified in NF-3221.1 and
Table NF-3324.5(a)-1. See NF-3111.

(2) Partial Penetration Groove Welds

(-a) Compression Normal to Effective Throat. The
stress intensity and stress limits shall be the same as those
for the base metal as required in NF-3221.1.

(-b) Tension Normal to the Axis on the Effective
Throat or Shear on the Effective Throat. The stress
limits shall be as specified in Table NF-3324.5(a)-1.

(3) Fillet Welds. The allowable stress limits for fillet
welds shall be as specified in Table NF-3324.5(a)-1.

(b) Service Limits, Levels A, B, C, and D, and Test. The
rules and stress limits that must be satisfied for welds
for any Level A, B, C, and D Service and Test Loadings
stated in the Design Specification are those given in (a)
multiplied by the appropriate base material stress limit
factor given in Table NF-3251.2-1.

(c) The effective sizes of welds shall be as given in
NF-3324.5(d) and NF-3324.5(f).

NF-3226.3 ConsiderationofLamellarTearing.Welded
joint configurations causing significant through-thickness
tensile stress [as defined in NF-1215(b)] during fabrica-
tion and/or service on rolled product forms should be
avoided. However, if this type of construction is used,
the designer should consider one or several of the
following factors that may reduce the susceptibility of
the joint to experience lamellar tearing and provide docu-
mentation, including fabrication requirements, in the
Design Output Documents:

(a) Reducevolumeofweldmetal to theextentpractical.
(b) Select materials that are resistant to lamellar

tearing.
(c) Invoke any of the special fabrication requirements

of NF-4441.

NF-3250 ð23ÞDESIGN BY ANALYSIS FOR CLASS 2 AND
MC

NF-3251 ð23ÞStress Limits

Stress limits for elements of Class 2 Plate and Shell-Type
Supports are given in this paragraph. Stress limits forbolts
and welds are given in NF-3255 and NF-3256. General
requirements concerning stress determinations, defini-
tions, and classification of stresses are given in
NF-3210. Plate and Shell-Type Supports may be designed

Table NF-3225.2-1
Stress Limit Factors for Class 1, 2, 3, and MC Bolt Design by Analysis

Stress Category
Stress Limit Factors for Loading Levels Stated in Design Specification [Notes (1), (2)]

Design Service Level A Service Level B Service Level C Service Level D Test Loading
Tension and shear Kbo = 1.0 Kbo = 1.0 Kbo = 1.15 Kbo = 1.25 Kbo = 1.5 Kbo = 1.25

GENERAL NOTE:
Kbo = stress limit factor applicable to the Design allowable tensile and shear stresses

NOTES:
(1) Not to be used for friction type connections.
(2) Average tensile stress shall not exceed 0.7Su and Sy, and average bolt shear stress shall not exceed 0.42Su and 0.6Sy.
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Figure NF-3226.1-1
Permissible Welded Joints for Class 1 Plate‐ and Shell‐Type Supports
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Figure NF-3226.1(a)-1
Typical Weld Details Referenced
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by either elastic or limit analysis, stress limits for which
are given in NF-3251.1 through NF-3251.4.

NF-3251.1 Design Limits. The stress (maximum
normal stress, also referred to as principal stress)
limits are satisfied for the Design Loadings (NCA-
2142.1) stated in the Design Specifications if the require-
ments of eqs. (1) and (2) are met.

S1.0m (1)

+ S1.5m b (2)

where

S = allowable stress value, ksi (MPa), from the appli-
cable table of Section II, Part D, Subpart 1, as refer-
enced in Table NF-2121(a)-1

σb = bending stress, ksi (MPa) (see NF-3121.8)
σm = membrane stress, ksi (MPa) (see NF-3121.7)

NF-3251.2 Service Limits — Service Level A Through
D. The rules and stress limits that must be satisfied in an
elastic analysis for any Level A through D Service Loading
stated in the Design Specification are those given for
Design Loadings in NF-3251.1 multiplied by the appro-
priate stress limit factor specified in Table NF-3251.2-1.

NF-3251.3 Test Limits. The rules and stress limits that
must be satisfied for any Test Loadings stated in the
Design Specification are those given for Design Loadings
in NF-3251.1 multiplied by the appropriate stress limit
factor specified in Table NF-3251.2-1.

NF-3251.4 Limit Analysis. The limits for Class 1 Plate-
and Shell-Type Supports designed by limit analysis apply.

NF-3252 Special Stress Limits

The following deviations from the basic stress limits are
provided to cover special Service Loadings or configura-
tions. Some of these deviations are more restrictive and
some are less restrictive than the basic stress limits. In
cases of conflict between these requirements and the
basic stress limits, the rules of this paragraph take prece-
dence for the particular situations to which they apply.

NF-3252.1 Bearing Loads.

(a) The average bearing stress for resistance to
crushing under the maximum load, experienced as a
result of Design Loadings, Test Loadings, or any
Service Loadings, shall be limited to Sy at temperature,
except that when the distance to a free edge is larger
than the distance over which the bearing load is
applied, a stress of 1.5Sy at temperature is permitted.

(b) When bearing loads are applied near free edges,
such as at a protruding ledge, the possibility of a shear
failure shall be considered. In the case of load controlled

Figure NF-3226.1(a)-2
Butt Welding of Plates of Unequal Thickness

GENERAL NOTES:
(a) ℓ ≥ 3y, where ℓ is required length of taper and y is the C sections.
(b) Length of required taper ℓ may include the width of the weld.
(c) In all cases ℓ shall not be less than 3y.
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stressonly, theaverage shear stress shall be limited to0.6S
in the case of primary stress (see NF-3121.2).

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

(d) Except for pinned and bolted joints, bearing
stresses need not be evaluated for loads for which
Level D Service Limits apply.

NF-3252.2 Pure Shear.

(a) The average primary shear stress across a section
loaded in pure shear, experienced as a result of Design
Loadings, Test Loadings, or any Service Loadings, shall
be limited to 0.6S.

(b) The maximum primary shear, experienced as a
result of Design Loadings, Test Loadings, or any
Service Loadings exclusive of stress concentration at
the periphery of a solid circular section in torsion,
shall be limited to 0.8S.

NF-3252.3 Buckling. The allowable compressive
stress values for plates and shells shall be determined
in accordance with NF-3223.5, except that Table
NF -3251 .2 -1 sha l l be used ins t ead o f Tab l e
NF-3221.2-1. The material properties used in calculating
compressive stresses and critical buckling stresses shall
be those at temperature coincident with the loading.

NF-3255 Design of Bolting

The provisions of NF-3225 apply.

NF-3256 Design of Welded Joints

NF-3256.1 Permissible Types of Welded Joints in
Plate- and Shell-Type Supports. All welded joints in
Plate- and Shell-Type Supports shall be continuous and
shall be of one of the types listed in (a) through (d).
Typical examples of those permitted types are shown
in Figure NF-3256.1-1. Fillet and partial penetration
welds shall meet the requirements of NF-3324.5(d),
except that NF-3324.5(d)(7) does not apply. Plug and
s l o t we l d s s h a l l mee t t h e r e qu i r emen t s o f

Table NF-3251.2-1
ð23Þ Elastic Analysis Stress Categories and Stress Limit Factors for Class 2, 3, and MC Plate‐ and Shell‐Type Supports

Designed by Analysis

Stress Category

Stress Limit Factors for Loading Categories [Note (1)]

Design Service Level A
Service Level B

[Note (2)]
Service Level C

[Note (3)] Service Level D Test Loadings
Primary stresses
[Notes (4),
(5)]

Km = 1.0 Km = 1.0 Km = 1.33 Km = 1.5 Km = greater of 1.5 or
1.2Sy/S [Note (6)]

Km = 1.33

Kv = 1.0 Kv = 1.0 Kv = 1.33
[Note (7)]

Kv = 1.5 [Note (7)] Kv = greater of 1.5 or
1.2Sy/S [Note (7)]

Kv = 1.33
[Note (7)]

Kbk = 1.0 Kbk = 1.0 Kbk = 1.33 Kbk = 1.5 Kbk = greater of 1.5 or
1.2Sy/S

Kbk = 1.33

but stress ≤ 1∕2 of
critical buckling
stress

but stress ≤ 1∕2 of
critical buckling
stress

but stress ≤ 1∕2 of
critical buckling
stress

but stress ≤ 1∕2 of
critical buckling
stress

but stress ≤ 1∕2 of
critical buckling
stress [Note (8)]

but stress ≤ 1∕2 of
critical buckling
stress

GENERAL NOTE:
Kbk = stress limit factor applicable to the Design allowable membrane stress or membrane plus bending stress (compression only)
Km = stress limit factor applicable to theDesignallowablemembrane stress ormembraneplusbending stress (seeNF-3251.1 andNF-3261)
Kv = stress limit factor applicable to the Design allowable shear stress (see NF-3252.2 and NF-3261)

NOTES:
(1) Control of deformation is not assured by these stress limit factors. When required by Design Specification, deformation control must be

considered separately.
(2) Km and Kbk = 1.0 for design of snubbers, dampers, and energy absorbers.
(3) Stress shall not exceed 0.7Su.
(4) For Service Levels A, B, C, andD, stresses induced on the supports by restraint of free‐end displacement and anchormotions of piping shall be

considered as primary stresses.
(5) Thermal stresses within the support as defined by NF-3121.11 need not be evaluated.
(6) Primary membrane stress intensity shall not exceed 0.7Su.
(7) Shear stress shall not exceed 0.42Su.
(8) Two-thirds of the critical buckling stress may be used, provided the critical buckling stress is determined by one of the following methods:

(a) comprehensive analysis that considers effects such as geometric imperfections, deformations due to existing loading conditions,
nonlinearities, large deformations, residual stresses, and inertial forces

(b) tests of physical models under conditions of restraint and loading the same as those to which the configuration is expected to be
subjected
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NF-3324.5(e). Lap joints shall meet the requirements of
NF-3324.3.

(a) Butt Joints. Butt joints shall be one of the following:
(1) full penetration, single and double welded,

Figure NF-3256.1-1, sketches (a-1) and (a-2).
( 2 ) pa r t i a l p ene t r a t i on , doub l e we lded ,

Figure NF-3256.1-1, sketch (b).
(3) when angle joints are used for connecting a tran-

sition in diameter to a cylinder, the angle α of
Figure NF-3256.1-1, sketch (n) shall not exceed 30 deg.

(4) A tapered transition having a length not less than
three times the offset between the adjacent surfaces of
abutting sections, as shown in Figure NF-3226.1(a)-2,
shall be provided at joints between sections that differ
in thickness by more than one-fourth of the thickness
of the thinnersectionorbymore than1∕8 in. (3mm),which-
ever is less. The transition may be formed by any process
that will provide a uniform taper. The weld may be partly
or entirely in the tapered section or adjacent to it.

(5) When the use of backing ringswill result in unde-
sirable conditions such as severe stress or corrosion, the
requirements of NF-4240 shall be met.

(b) Corner Joints. Corner joints shall be one of the
following:

(1) full penetration, as shown in FigureNF-3256.1-1,
sketch (c)

(2) partial penetration with a fillet weld as shown in
Figure NF-3256.1-1, sketches (d) and (e)

(c) Tee Joints. Tee joints shall be one of the following:
(1) full penetration, single or double welded,

Figure NF-3256.1-1, sketches (f-1), (f-2), and (h)
(2) partial penetration, with or without additional

fillet welds, Figure NF-3256.1-1, sketch (g)
(3) partial penetration, single welded between a

plate and the end surface of a closed tubular section
or a closed formed section, Figure NF-3256.1-1, sketch (j)

(4) fillet, double welded, Figure NF-3256.1-1, sketch
(k-1); single welded when double members are used,
Figure NF-3256.1-1, sketch (k-2)

(5) fillet, singleweldedbetweena flat surfaceand the
end surface of a closed tubular section or a closed formed
section, Figure NF-3256.1-1, sketch (l)

(d) Lap Joints. Lap joints shall be fillet, double welded,
Figure NF-3256.1-1, sketch (m).

(e) The applicable welds for the joints permitted in (a)
through (d) are

(1) square groove, bevel groove, J groove, flare bevel
groove, U groove and V groove

(2) plug and slot welds are permitted in (c) and (d)
only

(3) filletwelds are permitted in (c)(4), (c)(5), and (d)
only

NF-3256.2 Allowable Stress Limits.

(a) Design Limits. The allowable stress limits which
must be satisfied for the Design Loadings stated in the
Design Specification shall be the following:

(1) Full Penetration Groove Welds. The allowable
stress limits for full penetration groove welds shall not
exceed the applicable allowable stress value for the
base metal being jointed, as specified in NF-3251.1 and
Table NF-3324.5(a)-1.

(2) Partial Penetration Groove Welds
(-a) Compression Normal to Effective Throat. The

allowable stress limits shall be as specified in
Table NF-3324.5(a)-1.

(-b) Tension Normal to the Axis on the Effective
Throat or Shear on the Effective Throat. The stress
limits shall be as specified in Table NF-3324.5(a)-1.

(3) Fillet Welds. The allowable stress limit for fillet
welds shall be as specified in Table NF-3324.5(a)-1.

(b) Service Limits, Level A Through D, and Test.The rules
and stress limits whichmust be satisfied for welds for any
Level A through D Service and Test Loading stated in the
Design Specification are those given in (a) multiplied by
the appropriate base material stress limit factor given in
Table NF-3251.2-1.

NF-3256.3 Effective Size. The effective sizes of welds
shall be as given in NF-3324.5(d) through NF-3324.5(f).

NF-3256.4 Consideration of Lamellar Tearing.
Welded joint configurations causing significant
through-thickness tensile stress [as defined in
NF-1215(b)] during fabrication and/or service on
rolled product forms should be avoided. However, if
this type of construction is used, the designer should
consider one or several of the following factors that
may reduce the susceptibility of the joint to experience
lamellar tearing and provide documentation, including
fabrication requirements, in the Design Output Docu-
ments:

(a) Reducevolumeofweldmetal to theextentpractical.
(b) Select materials that are resistant to lamellar

tearing.
(c) Invoke any of the special fabrication requirements

of NF-4441.

NF-3260 DESIGN BY ANALYSIS FOR CLASS 3

NF-3261 Stress Limits

The design of Class 3 supports shall be in accordance
with the requirements of NF-3250 using one of the design
procedures indicated in Table NF-3131(a)-1 for Class 3
construction.

NF-3265 Design of Bolting

The provisions of NF-3225 apply.
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Figure NF-3256.1-1
Permissible Welded Joints for Class 2, 3, and MC Plate‐ and Shell‐Type Supports
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NF-3266 Design of Welded Joints

The types of welded joints shall be as stipulated in
NF-3256 for Class 2 and MC supports, except that for
groove welded T-joints, groove welded corner joints,
and fi l let welded T-joints , as shown in Figure
NF-3256.1-1, sketches (c), (d), (e), (f-1), (f-2), (g), (k-
1), and (k-2), the welds may be intermittent instead of
continuous. Intermittent fillet welds shall meet the re-
quirements of NF-3324.5(d)(7). The allowable stress
limits shall be as stipulated in NF-3256.2.

NF-3270 EXPERIMENTAL STRESS ANALYSIS

Supports may be designed by experimental stress
analysis in accordance with Section III Appendices, Man-
datory Appendix II. The test collapse load may be deter-
mined by Section III Appendices, Mandatory Appendix II,
II-1430. Supports designed by experimental stress
analysis for Level A and Level B Service Conditions
shall not exceed the test collapse load divided by 1.7.
Supports designed by experimental stress analysis for
Level C Service Condition shall not exceed the test collapse
load divided by 1.3. Supports designed by experimental
stress analysis for Level D Service Condition shall not
exceed the test collapse load.

NF-3280 DESIGN BY LOAD RATING

NF-3281 Procedure for Load Rating

Theprocedure for load rating shall consist of imposing a
total load on one or more duplicate full-size samples of a
support equal to or less than the load under which the
support fails to perform its required function. Full-size
samples composed of various parts may have each
part or a number of parts load rated, provided that all
parts in the load path are either load rated or otherwise
qualified per NF-3200, or by experimental stress analysis.
When parts are connected by bolting or welding, the
connection shall be either load rated or qualified per
NF-3225 or NF-3226. Should more than one part be
load rated in a single load test, then the load rating equa-
tions of NF-3280 shall be evaluated for each part using the
part’s Sy(act) and Su(act) values. The part having the lowest
load rating shall establish the load rating for the combina-
tion of parts. A single test sample is permitted but, in that
case, the load ratings shall be reduced by 10%. Otherwise,
tests shall be run on a statistically significant number of
samples. Thepermissible types ofwelded joints shall be as
permitted for the specific class of construction in
NF-3226.1, NF-3256.1, and NF-3266. The full-size
sample shall be fabricated for testing using welds not
exceeding weld sizes stipulated in the Design Drawings.
Bolted joints in the test sample shall bemade up using the
lowest strength bolt material andminimum edge distance
allowed by the specification.

NF-3282 Load Ratings in Relation to Design
Service and Test Loadings

The load rating forDesign Loadings shall be determined
in accordance with the requirements for Service Level A
limits. The load ratings for Service Loadings for which
Level A through Level D Limits have been designated
shall be determined by means of the equations in the
following subparagraphs. The load rating for Test Load-
ings shall be determined in accordance with the require-
ments for Service Level B limits.

NF-3282.1 Nomenclature. The symbols used in this
paragraph are defined as follows:

Kl = load rating coefficient for support in compres-
sion

S = allowable stress value at the Design Tempera-
ture (seeNF-3112.1) from the applicable tables
of Section II, Part D, Subpart 1, ksi (MPa)

ST = specified minimum tensile strength of the
material used in the support as given in the ap-
plicable tables of Section II, Part D, Subpart 1,
ksi (MPa)

Su = see NF-3313.1
Su(act) = actual tensile strength of the material used in

the part or supportwhich had reached ultimate
capacity during the test, ksi (MPa)

SY = specified minimum yield strength of the mate-
rial used in the support as given in the appli-
cable tables of Section II, Part D, Subpart 1, ksi
(MPa)

Sy = see NF-3313.1
Sy(act) = actual yield strength of the material used in the

part or support which yielded during the test,
ksi (MPa)

TLu = support test load at which a substantial
increase in load displacement results in zero
or negative increase in actual support load

TLy = support test load at or below yield

NF-3282.2 Plate- and Shell-Type Supports. The load
ratings for Plate- and Shell-Type Supports for the
Service Loadings shall be determined by the following
equations:
Design and Level A Limits (lower of the two values)

= ×TLload rating 1.0y
S

S(yield) y(act)
(1)

= ×TLload rating 1.0u
S

S(ult.) u(act)
(2)

Test and Level B Limits (lower of the two values)
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= ×TLload rating 1.33y
S

S(yield) y(act) (3)

= ×TLload rating 1.33u
S

S(ult.) u(act)
(4)

Level C Limits (lower of the two values)

= ×TLload rating 1.5y
S

S(yield) y(act)
(5)

= ×TLload rating 1.5u
S

S(ult.) u(act)
(6)

Level D Limits (lowest of the three values)

= ×TLload rating 2.0y
S

S(yield) y(act)
(7)

= ×TLload rating 0.7u
S

S(ult.)
u

u(act)
(8)

= ×TLload rating 0.7u(ult.) (9)

NF-3282.3 Supports Loaded in Compression. The load
rating for supports loaded in compression shall be deter-
mined for Service Levels A through D by the methods of
NF-3282.2. In addition, for cases where buckling governs,
TLu shall be corrected for the ratio of Young’s Modulus at
the Design Temperature to Young’s Modulus at the test
temperature. The load rating shall be determined by
the following equations:
Design and Level A Limits

= ×Kl TLload rating 0.50 u (10)

Test and Level B Limits
= ×Kl TLload rating 0.50 u (11)

Level C Limits
= ×Kl TLload rating 0.50 u (12)

=Kl 1.0 for elastic buckling

=Kl for inelastic buckling
S

S
y

y(act)

Level D Limits
= ×Kl TLload reading 0.50 u (13)

NF-3282.4 Alternative Load Rating Method Using TLy
orTLuTestResultsOnly.EitherTLyorTLu test resultsmay
be used to establish a support load rating, provided the

load rating as determined by the method of NF-3282.2 or
NF-3282.3 is modified as follows:

(a) For load rating based on TLy test results only
(1) for supports constructed of materials having

definitely determinable yield points and specified
minimum SY/ST ratios not greater than 0.625, the load
rating shall be multiplied by 0.83. If Sy(act) of the material
is not known, 0.67 shall be used in place of multiplier 0.83

(2) for supports constructed of carbon steel with
specified minimum tensile strengths of not over 70,000
psi (485 MPa), Sy(act) shall be increased by 5,000 psi
(34 MPa) prior to determining the load rating

(3) for all othermaterials the determined load rating
shall be multiplied by 0.67
For supports loaded in compression, a TLu test shall be

performed with the compressive load rating determined
in accordance with NF-3282.3.

(b) For load rating based on TLu test results, the deter-
mined load rating shall be multiplied by 0.50.

NF-3300 DESIGN RULES FOR LINEAR-TYPE
SUPPORTS

NF-3310 GENERAL REQUIREMENTS

This subarticle provides rules for the design of Linear-
Type Supports by either linear elastic analysis (see
NF-3320) or plastic (limit) analysis (see NF-3340).
Linear elastic analytical procedures are also provided
(seeNF-3330) for the design ofmembers and connections
which will be subjected to high cycle fatigue conditions in
service.

NF-3311 Design Considerations

NF-3311.1 Linear Elastic Analysis. The rules for linear
elastic analysis are based on the yield strength values at
temperature of the materials used in constructing linear-
type supports that are set forth in Section II, Part D,
Subpart 1, Table Y-1. The allowable stresses are deter-
mined inNF-3320 by applying factors of safety dependent
on the structural member involved to these yield strength
values.

NF-3311.2 High Cycle Fatigue Analysis. The rules for
designing Linear-Type Supports given in NF-3330 are
essentially the same as those given in NF-3320 for
linear elastic analysis, except that the maximum range
of stress, namely, the difference between the minimum
and maximum value of the stress throughout each
cycle and the frequency with which the support will be
subjected to this rangeof stress, shall be taken into consid-
eration when so stipulated by the Design Specification
[NCA-3211.19(b)].

NF-3311.3 Limit Analysis. The rules for limit (plastic)
analysis given inNF-3340may be used as an alternative to
the linear elastic analysis method. These rules permit
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proportioning Linear-Type Supports on the basis of limit
design by determining their lower bound collapse loads.
The requirements set forth in NF-3320 governing allow-
able stresses to be used in designingLinear-Type Supports
are waived when the limit design procedure is employed,
but all other pertinent provisions of NF-3320 shall apply.

NF-3311.4 Basis for Determining Stress in Design by
Analysis. The theory of failure used in the rules for
the design of Linear-Type Supports is the maximum
stress theory. In the maximum stress theory, the control-
ling stress is the maximum principal stress.

NF-3311.5 Terms Relating to Design by Analysis.
Terms used in the design of Linear-Type Supports by
stress analysis are defined in NF-3313.

NF-3312 Analysis Methods

Linear-Type Supportsmay be designed by either elastic
or limit analysis, limits for which are given in NF-3312.1.

NF-3312.1 Elastic Analysis. In elastic analysis it is
assumed that all component and support stiffnesses
remain constant.

(a) Design Limits. The rules and stress limits that must
be satisfied in an elastic analysis for any Design Loading
shall be stated in the Design Specification.

(b) Service Limits, Level A Through D. The rules and
stress limits which must be satisfied in an elastic analysis
for any Level A through D Service Loading stated in the
Design Specification are those given in NF-3321 multi-
plied by the appropriate stress limit factor from Table
NF-3312.1(b)-1.

(c) Test Limits. The rules and stress limits that must be
satisfied for any Test Loadings stated in the Design Spec-
ification are those given in NF-3321 multiplied by the
appropriate stress limit factor in Table NF-3312.1(b)-1
under Test Loadings.

NF-3313 Nomenclature and Numbering of
Equations

NF-3313.1ð23Þ Nomenclature. Except where symbols are
used in the text of the paragraphs that follow to represent
the value of complex algebraic expressions, or where
nomenclature is specifically defined in figures, thenomen-
clature adopted in NF-3300 is defined as follows:

A = gross area of an axially loaded compression
member, in.2 (mm2)

a = clear distance between transverse stiffeners;
dimension parallel to the direction of stress,
Table NF-3332.3-1, in. (mm)

Ab = nominal body area of a fastener, in.2 (mm2); area
of an upset rod based upon the major diameter of
its threads, i.e., the diameter of a coaxial cylinder
that would bound the crests of the upset threads,
in.2 (mm2)

Ae = effective net area of an axially loaded tension
member, in.2 (mm2)

Af = area of compression flange, in.2 (mm2)
An = net area of an axially loaded tension member,

in.2 (mm2)
Ast = cross-sectional area of stiffener or pair of stif-

feners, in.2 (mm2)
Aw = area of girder web, in.2 (mm2)
a′ = distance required at ends ofwelded partial length

cover plate to develop stress, in. (mm)
b = actual width of stiffened and unstiffened

compression elements, in. (mm)
x = dimensions normal to the direction of stress,

Table NF-3332.3-1, in. (mm)
be = effective width of stiffened compression element,

in. (mm)
bf = flange width of rolled beam or plate girder,

in. (mm)
C = ratio of bolt tensile strength to tensile strength of

connected part
C1 = incrementused incomputingminimumspacingof

oversized and slotted holes
C2 = increment used in computing minimum edge

distance for oversized and slotted holes
Cb = bending coefficient dependent upon moment

gradient
Cc = slenderness ratio separating elastic and inelastic

buckling
Cm = coefficient applied to bending term in interaction

equation and dependent upon column curvature
caused by applied moments

Ct = reduction coefficient in computing effective net
area of an axially loaded tension member

Cv = ratio of critical web stress, according to the linear
buckling theory, to the shear yield stress of web
material

C′c = effective column slenderness ratio
D = factor dependent upon type of transverse stif-

feners
x = outside diameter of tubular members, in. (mm)
d = depth of beam or girder, in. (mm)
x = diameter of roller or rocker bearing, in. (mm)
x = nominal diameter of fastener, in. (mm)

dc = column web depth clear of fillets, in. (mm)
E = modulus of elasticity of steel at temperature,

ksi (MPa)
e = horizontal displacement, in the direction of the

span, between top and bottom of simply
supported beam at its ends, in. (mm)

f = axial compression stress on member based on
effective area, ksi (MPa)

Fa = axial compressive stress permitted in the absence
of bending moment, ksi (MPa)

fa = computed axial stress, ksi (MPa)
Fb = bending stress permitted in the absence of axial

force, ksi (MPa)
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fb = computed bending stress, ksi (MPa)
Fe = elastic buckling stress, ksi (MPa)
Fp = allowable bearing stress on the projected area of

bolts or pins, or on contact area of milled surfaces
and ends of rollers, rockers, or fitted bearing stif-
feners at temperature, ksi (MPa)

fp = computed bearing stress, ksi (MPa)
Fsr = stress range, ksi (MPa)
Ft = allowable tensile stress, ksi (MPa)
ft = computed tensile stress, ksi (MPa)

Ftb = allowable tensile stress at temperature, ksi (MPa)
Fv = allowable shear stress, ksi (MPa)
fv = computed shear stress, ksi (MPa)

Fvb = allowable shear stress at temperature, ksi (MPa)

fvs = shear between girder web and transverse stif-
feners, kips/linear in. (N/mm) of single stiffener
or pair of stiffeners

Fyc = column yield stress, ksi (MPa)
Fyst = stiffener yield stress, ksi (MPa)
F′b = allowable bending stress in compression flange of

plate girders as reduced for hybrid girders or
because of large web depth–thickness ratio,
ksi (MPa)

f′c = specified compression strength of concrete,
ksi (MPa)

F′e = Euler stress divided by factor of safety, ksi (MPa)
g = transverse center to center spacing (gage)

between successive holes in line of stress,
in. (mm)

Table NF-3312.1(b)-1
ð23Þ Elastic Analysis Stress Categories and Stress Limit Factors for Class 1, 2, 3, andMC Linear-Type Supports Designed by

Analysis

Stress Category

Stress Limit Factors for Loading Categories [Note (1)]

Design Service Level A

Service Level B
[Notes (2),

(3)]
Service Level C

[Note (3)]
Service Level D

[Note (4)] Test Loadings
Primary stresses
[Notes (5), (6)]

Ks = 1.0 Ks = 1.0 Ks = 1.33 Ks = 1.5 Ks = lesser of 2.0
or 1.167Su/Sy
[Note (8)]

Ks = 1.33

Kv = 1.0 Kv = 1.0 Kv = 1.33
[Note (7)]

Kv = 1.5
[Note (7)]

Kv = 2.0
[Notes (7), (9)]

Kv = 1.33
[Note (7)]

Kbk = 1.0 Kbk = 1.0 Kbk = 1.33 Kbk = 1.5 Kbk = 1.5 [Note (10)] Kbk = 1.33
… … but stress ≤ 2∕3 of

critical buckling
stress

but stress ≤ 2∕3 of
critical buckling
stress

but stress ≤ 2∕3 of
critical buckling
stress

but stress ≤ 2∕3 of
critical buckling
stress

Primary plus
secondary
stresses
[Notes (6),
(11)]

Evaluation is required for critical buckling for all loading categories. The requirements of this subarticle shall bemet for this
evaluation.

Peak stresses Evaluation not required.

GENERAL NOTE:
Kbk = stress limit factor applicable to the Design allowable compressive axial and bending stresses to determine buckling limit

Ks = stress limit factor applicable to the Design allowable tensile and bending stresses (see NF-3321.1, NF-3322.1, NF-3350, and NF-3360)
Kv = stress limit factor applicable to the Design allowable shear stresses (see NF-3321.1, NF-3322.1, NF-3350, and NF-3360)

NOTES:
(1) Control of deformation is not assured by these stress limit factors. When required by Design Specification, deformation control must be

considered separately.
(2) Ks, Kv, and Kbk = 1.0 for design of snubbers, dampers, and energy absorbers.
(3) Stress shall not exceed 0.7Su and 1.2Sy.
(4) Tensile stress on the net section, except at pin holes and the through-plate thickness direction, shall not exceed the lesser of 0.7Su and 1.2Sy.
(5) ForServiceLevelsA,B,C, andD, stresses inducedon the supportsbyrestraintof free‐enddisplacementandanchormotionsofpipingshall be

considered as primary stresses.
(6) Thermal stresses within the support as defined by NF-3121.11 need not be evaluated.
(7) Shear stress shall not exceed 0.42Su and 0.72Sy.
(8) If Su ≤ 1.2Sy, Ks = 1.4.
(9) For fillet welds, Kv = 1.7 and shear stress shall not exceed 0.5Su.
(10) Except as required by NF-3322.1(c)(4).
(11) Service Levels A and B, primary plus secondary stresses, shall be limited to a range of 2Sy or Su at temperature, whichever is less for

component supports only.
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h = clear distance between flanges of a beamor girder
at the section under investigation, in. (mm)

K = effective length factor
k = coefficient relating linear buckling strength of a

plate to its dimensions and condition of edge
support

x = also distance between outer face of column flange
andweb toe of its fillet if column is a rolled shape,
or equivalent distance if column is a welded
shape, in. (mm)

ks = slip coefficient for theparticular surface condition
taken from Table NF-3324.6(a)(4)-1

L = span length
x = distance from center of bolt hole to edge of

connected part, in. (mm)
l = for beams, distance between cross section braced

against twist or lateral displacement of the
compression flange, in. (mm)

x = for columns, actual unbraced length ofmember or
unsupported length of lacing bar, in. (mm)

lb = actual unbraced length in plane of bending,
in. (mm)

lcr = critical unbraced length adjacent to plastic hinge,
in. (mm)

M = moment, in-kip (N·mm) (see NF-3320); factored
bending moment, in-kip (N·mm) (see NF-3340)

m = number of shear planes per bolt
M1 = smaller moment at end of unbraced length of

beam column, in-kip (N·mm)
M2 = larger moment at end of unbraced length of beam

column, in-kip (N·mm)
Mm = critical moment that can be resisted by a plasti-

cally designed member in the absence of axial
load, in-kip (N·mm)

Mp = plastic moment, in-kip (N·mm)
M′ = lesser of the factored moments at the ends of

unbraced segment, in-kip (N·mm)
N = length of bearing of applied load, in. (mm)
n = number of bolts in the joint
P = force transmitted by a fastener, kips (N) (see

NF-3320); factored axial load, kips (N) (see
NF-3340); axial load, kips (N) (see NF-3340)

Pbf = factored beam flange or connection plate force in
a restrained connection

x = the computed force delivered by the flange or
moment connection plate, multiplied by five-
thirds for Level A loads and multiplied by four-
thirds for Level B, C, and D loads, kips (N)

Pcr = maximum strength of axially loaded compression
member or beam, kips (N)

Pe = Euler buckling load, kips (N)
Ps = maximum slip resistance of the joint, lb (N)
Py = axial plastic load, equal to member area times

specified minimum yield stress, kips (N)
Qa = ratio of effective area of an axially loadedmember

to its total area

Qs = axial stress reduction factor
R = reaction or concentrated transverse load applied

to beam or girder, kips (N); radius, in. (mm)
r = governing radius of gyration, in. (mm)

rb = radius of gyration about axis of concurrent
bending, in. (mm)

rc = radius of gyration of a section comprising the
compression flange plus one-third of the
compression web area, taken about an axis in
the plane of the web, in. (mm)

ry = radius of gyration of a member about its weak
axis, in. (mm)

s = longitudinal center-to-center spacing (pitch) of
any two consecutive holes, in. (mm)

Su = tabulated values of ultimate tensile strength of
material at temperature (Section II, Part D,
Subpart 1, Table U), ksi (MPa)

Sy = yield strength at temperature (Section II, Part D,
Subpart 1, Table Y-1), ksi (MPa)

t = girder, beam, or column web thickness, in. (mm);
thickness of a connected part, in. (mm)

x = wall thickness of a tubular member, in. (mm)
Tb = specific pretension of a high-strength bolt,

kips (N)
tb = thickness of beam flange or moment connection

plateat rigidbeamtocolumnconnection, in. (mm)
tf = flange thickness, in. (mm)

Ti = initial clamping force per bolt, lb (N)
tl = thickness of thinner part joined by partial pene-

tration groove weld, in. (mm)
Vu = shear producedby required factored loading, ulti-

mate load, kips (N)
x = subscript relating to bending about the strong

principal axis
Y = ratio of yield stress of web steel to yield stress of

stiffener steel
y = subscript relating tobendingabout theweakprin-

cipal axis
Zx = plastic section modulus for axis of bending,

in.3 (mm3)
Δ = displacement of the neutral axis of a loaded

member from its position when the member is
not loaded, in. (mm)

α = ratio of hybrid girder web yield stress to flange
yield stress

NF-3313.2 Numbering of Equations. A separate series
of equation numbers is used for each paragraph and each
series, beginning with NF-3322.1(a)(1), eq. (1).
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NF-3320 DESIGN BY LINEAR ELASTIC ANALYSIS
FOR CLASS 1

NF-3321 General Design Requirements
NF-3321.1 Design and Service Conditions.

(a) Except as otherwise provided in this subarticle, all
items of the structure shall be so proportioned that the
stress, ksi (MPa), for Design and Level A Service Limits,
shall not exceed the values of NF-3322. For Level B, C, and
D Service Limits, allowable stresses may be increased by
the factors shown in Table NF-3312.1(b)-1. Except for
pinned and bolted joints, bearing stresses need not be
evaluated for loads for which Level D Service Limits
are specified.

(b) To avoid column buckling in compression
members, local instability associated with compression
flange buckling in flexural members, and web buckling
in plate girders, the allowable stress shall be limited to
two-thirds of the critical buckling stress.

NF-3321.2 Design for High Cycle Fatigue Conditions.
Design for high cycle fatigue conditions shall be in accor-
dancewith the requirements of NF-3330, using the allow-
able stresses of NF-3322 as modified by NF-3332.4.

NF-3322 Design Requirements for Structural Steel
Members

NF-3322.1ð23Þ Allowable Stresses. Except where noted,
the following are the allowable stresses for Design and
Level A Service Conditions. See NF-3312.1 for other
service condition allowable stresses.

(a) Stress in Tension. The allowable stress in tension
shall be as given in (1) and (2)

(1) Except for threaded members used in bolting
applications, Ft shall be the lesser of

=F S0.60t y (1)

on the gross area, and

=F S0.50t u (2)

on the effective net area (for determination of gross
area and effective net area, see NF-3322.8).

(2) For threaded parts in tension used in bolting
applications, see NF-3324.6(a)(1).

(b) Stress in Shear
(1) Except as provided in (2) and NF-3324.6(a)(2),

on the cross-sectional area effective in resisting shear
=F S0.40v y (3a)

but not more than 0.33Su.
The effective area in resisting shear of rolled and

fabricated shapes may be taken as the overall depth
times the web thickness.

(2) At the beam end connections where the top
flange is coped, and in similar situations where failure
might occur by shear along a plane through the fasteners,
or by a combination of shear along a plane through the
fasteners plus tension along a perpendicular plane, on the
effective area in resisting tearing failure shall be

=F S0.30v u (3b)

The effective area is theminimumnet failure surface,
bounded by the bolt holes.

(3) For pin‐connected members, using the effective
net area (for determination of effective net area, see
NF-3322.8)

=F S0.30v u (3c)

(c) Stress in Compression. The allowable stress in
compression shall be as required by (1) through (5).
The allowable compressive stress for columns, except
those fabricated from austenitic or duplex stainless
steels, shall be as required by (1). The allowable compres-
sive stress for columns fabricated from austenitic or
duplex stainless steels shall be as required by (2). The
allowable compressive stress for member elements
other than columns constructed of anymaterial, including
austeniticorduplex stainless steels, shall beas requiredby
(3). For Service Level D, the allowable compressive stress
for columns fabricated from ferritic steel shall be as
required by (4). For Service Level D, the allowable
compressive stress for columns fabricated fromaustenitic
or duplex stainless steel, except unequal leg angles,
slender leg angles, and slender circular tubular
members, shall be as required by (5).

(1) Gross Sections of Columns, Except Those Fabri-
cated of Austenitic or Duplex Stainless Steels

(-a) Where Kl/r Is Less Than Cc. On the gross
section of axially loaded compression members whose
cross sections meet the provisions of NF-3322.2(d),
when Kl/r(the largest effective slenderness ratio of any
unbraced segment as defined in NF-3322.2) is less
than Cc, the allowable stress in compression shall be

=
+

Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÄ

Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ

Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ

F
Kl r C S

Kl r C Kl r C

1 ( ) 2

5 3 3( ) 8 ( ) 8
a

c y

c c

2 2

3 3
(4)

where

=C E S2c y
2

(-b) Where Kl/r Is Greater Than Cc. On the gross
section of axially loaded compression members when
Kl/r exceeds Cc, the allowable stress in compression
shall be

=F E
Kl r

12

23 ( )
a

2

2
(5)
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(2) Gross Sections of Columns Fabricated From Aus-
tenitic or Duplex Stainless Steels, Except Unequal Leg
Angles, Slender Leg Angles, and Slender Cirrcular
Tubular Members. On the gross section of axially
loaded compression members whose cross-sections
meet the provisions of NF-3322.2(d), except for circular
tubular members, the allowable stress in compression
shall be as required by (-a) and (-b). The allowable
stress in compression for circular tubular members
whose cross -sec t ions meet the prov is ions of
NF-3322.2(d) shall be as required by (-c) and (-d).

(-a) Where Kl/r≤ 3.77 E S/ y

=

i
k
jjjjj

y
{
zzzzz( )

Fa

S0.50

1.67

Sy Fe
y

/
(6a)

(-b) Where Kl/r> 3.77 E S/ y

=Fa
F0.531

1.67
e (6b)

(-c) Where Kl/r≤ 3.77 E S/ y

=

i
k
jjjjj

y
{
zzzzz( )

Fa

S0.50

1.76

Sy Fe
y

/
(6c)

(-d) Where Kl/r> 3.77 E S/ y

=Fa
F0.531

1.76
e (6d)

(-e) For (-a) through (-d),

=F E
Kl r( / )

e
2

2

(3) Member Elements Other Than Columns
(-a) Plate Girder Stiffeners. On the gross area of

plate girder stiffeners, the allowable stress in compression
shall be

=F S0.60a y (7)

but not more than 0.50Su.
(-b) Webs of Rolled Shapes. On the web of rolled

shapes at the toe of the fillet, the allowable stress in
compression shall be

=F S0.75a y (8)

but not more than 0.63Su.
For the use of stiffeners to avoid web crippling, see

NF-3322.6(a).
(4) Service Level D of Ferritic Steel Columns. The

Service Level D maximum allowable load for ferritic
steel columns shall be determined in accordance with
the following, provided that the initial out-of-straightness
does not exceed 1∕1000 of the unsupported length. Effects of

deformations due to existing loads shall also be consid-
ered.

(-a) Except as noted in (-b), the following rules
shall be applied:

For 0 ≤ λ ≤ 1

=
+ +

P
P

1 4

1.11 0.50 0.17 0.28y

2

2 3

For 1 ≤ λ ≤ 2

=
i

k
jjjjjj

y

{
zzzzzz

P
P

2
3

1 4
y

2

For λ> 2

=P
P

2

3y 2

where

Ag = area of gross section
E = modulus of elasticity
K = effective length factor
L = unbraced length
P = maximum allowable load

Py = Sy Ag
r = radius of gyration

λ =
i
k
jjjjj

y
{
zzzzz

KL
r

S

E
1 y

(-b) For nonstress-relieved heavy structural
shapes [web or flange thickness greater than 1 in. (25
mm)] or for nonstress-relieved built-up members using
universal mill plate, the following rules shall be applied:

For 0 < λ < 1

=
+ +

P
P

1 4

1.11 0.75 0.83 0.81y

2

2 3

For 1 < λ < 2

=P
P

1 4
1.88y

2

For λ > 2

=P
P

1

1.88y 2

(5) For Service Level D of Columns Fabricated From
Austenitic or Duplex Stainless Steels, Except Unequal Leg
Angles, Slender Leg Angles, and Slender Circular Tubular
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Members. On the gross section of axially loaded compres-
sionmemberswhose cross sectionsmeet theprovisionsof
NF-3322.2(d), the allowable stress in compression shall
be as required by (-a) and (-b), provided the initial out-of-
straightness does not exceed 1/1,000 of the unsupported
length. Effects of deformations due to existing loads shall
also be considered.

(-a) Where Kl/r ≤ 3.77 E S/ y

=

Ä

Ç
ÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑ

( )
F

S0.50

1.50a

y
/Sy Fe

(-b) Where Kl/r > 3.77 E S/ y

=F
F0.531

1.50a
e

For (-a) and (-b)

=F E
Kl r( )

e
2

2

(d) Stress in Bending. The allowable bending stress
resulting from tension and compression in structural
members shall be as required by (1) through (6).

(1) Compact Sections
(-a) Tensionandcompressiononextreme fibersof

compact hot rolled or built-up members (except hybrid
beams and members made from 65 ksi (450 MPa) or
greater Sy material) symmetrical about and loaded in
the plane of their minor axes and meeting the require-
ments of Subsection NF shall result in a maximum
bending stress

=F S0.66b y (9)

but not more than 0.55Su.
In order to qualify, a member shall meet the re-

quirements of (-1) through (-7).
( - 1 ) The flanges shal l be continuously

connected to the web or webs.
(-2) The width–thickness ratio of unstiffened

projecting elements of the compression flange [as
defined in NF-3322.2(d)] shall not exceed S65 y (for

SI units, use S170 y ).
(-3) The width–thickness ratio of stiffened

elements of the compression flange [as defined in
NF-3322.2(d)] shall not exceed S190 y (for SI units,

use S500 y ).
(-4) The depth–thickness ratio of the web or

webs shall not exceed the value given by eq. (10) or
eq. (11), as applicable
(U.S. Customary Units)

=
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ( ) ( )d t S f S640 1 3.74y a y (10)

(SI Units)

=
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ( ) ( )d t S f S11 680 1 3.74y a y

when fa/Sy ≤ 0.16;
(U.S. Customary Units)

=d t S257 y (11)

(SI Units)

=d t S673 y

when fa/Sy > 0.16.
(-5) The laterally unsupported length of the

compression flange of members other than box-shaped
members shall not exceed the value b S76 f y (for SI

units, use b S200 f y ) nor 20,000/[(d ∕Af)Sy] {for SI
units, use 138000/[(d∕Af) Sy]}.

(-6) The laterally unsupported length of the
compression flange of a box-shaped member of rectan-
gular cross section, whose depth is not more than six
times the width and whose flange thickness is not
more than two times the web thickness, shall not
exceed the value

(U.S. Customary Units)

+
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ( ) ( )M M b S1,950 1,200 y

1
1
1

2 (12)

(SI Units)

+
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ( ) ( )M M b S13 400 8 300 y

1
1
1

2

except that it need not be less than 1,200 (b/Sy) [for SI
units, use 8300 (b/Sy)].

(-7) The diameter–thickness ratio of hollow
circular sections shall not exceed 3,300/Sy (for SI
units, use 23000/Sy).

(-b) Beams and girders (except for hybrid girders
and members made from 65 ksi (450 MPa) or greater Sy
material)whichmeet the requirementsof (-a)(-1) through
(-a)(-7) and are continuous over supports or are rigidly
framed to columns by means of high-strength bolts or
weldsmaybeproportioned for nine-tenths of thenegative
moments produced by gravity loading which are
maximum at points of support, provided that for such
members the maximum positive moment shall be
increased by one-tenth of the average negative
moments. This reduction shall not apply to moments
produced by loading on cantilevers. If the negative
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moment is resistedbya columnrigidly framed to thebeam
or girder, the one-tenth reduction may be used in propor-
tioning the column for the combined axial and bending
loading, provided that the stress fa due to any concurrent
axial load on the member does not exceed 0.15Fa.

(2) Members With High Flange Width–Thickness
Ratio. Members that meet the requirements of (1),
except that bf/2tf exceeds S65 y (For SI units, use

S170 y ) but is less than S95 y (For SI units, use

S250 y ), may be designed on the basis of an allowable
bending stress

(U.S. Customary Units)

=
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ( )F S b t S0.79 0.002 2b y f f y (13)

(SI Units)

=
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ( )F S b t S0.79 0.0008 2b y f f y

(3) Doubly Symmetrical Members With Bending
About the Minor Axis. Tension and compression on
extreme fibers of doubly symmetrical I- and H-shaped
members [except for hybrid girders and members
made from 65 ksi (450 MPa) or greater Sy material]
which are bent about their minor axis, meeting the re-
quirements of (1)(-a) and (1)(-b); solid round and
square bars; and solid rectangular sections bent about
their weaker axis shall not exceed a bending stress of

=F S0.75b y (14)

but not more than 0.63Su.
Doubly symmetrical I- and H-shaped members bent

about their minor axis [except for hybrid girders and
membersmade from 65 ksi (450MPa) or greater Symate-
rial], meeting the requirements of (1)(-a), except where
bf/2tf exceeds S65 y (for SI units, use S170 y ) but is

less than S95 y (for SI units, use S250 y ), may be
designed on the basis of an allowable bending stress

(U.S. Customary Units)

=
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ( )F S b t S1.075 0.005 2b y f f y (15a)

(SI Units)

=
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ( )F S b t S1.075 0.002 2b y f f y

Rectangular tubular sections meeting the require-
ments of (1)(-a)(-1), (1)(-a)(-3), and (1)(-a)(-4), and
bent about their minor axis, may be designed on the
basis of an allowable bending stress

=F S0.66b y (15b)

but not more than 0.55Su.
(4) Box-Type Flexural Members. Tension and

compression on extreme fibers of box-type flexural
members whose compression flange or web width–thick-
ness ratio does notmeet the requirements of (1), but does
conform to the requirements of NF-3322.2(d), shall not
exceed a bending stress of

=F S0.60b y (16)

but not more than 0.50Su.
Lateral torsional buckling need not be investigated

for a box section whose depth is less than six times its
width. Lateral support requirements for box sections
of larger depth–width ratios must be determined by
special analysis.

(5) Miscellaneous Members
(-a) Tension on extreme fibers of flexural

members not covered in (1) through (4), shall not
exceed a bending stress as determined by using (4),
eq. (16).

(-b) Compression on extreme fibers of flexural
members included in (-a), meeting the requirements of
NF-3322.2(d)(1)(-b), and having an axis of symmetry
in and loaded in the plane of their web and compression
onextreme fibersof channels [onlyeq. (19) is applicable to
channels] bent about theirmajor axis, shall have the larger
value of bending stress computed by eqs. (17) through
(19), as applicable, but not more than 0.60Sy (see
NF-3322.3 for further limitations in plate girder flange
stress).

When

(U.S. Customary Units)

× ×
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ

Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ( ) ( )C S l r C S102 10 510 10b y c b y

3 1 2 3 1 2

(SI Units)

× ×
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ

Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ( ) ( )C S l r C S703.3 10 3 516 10b y c b y

3 1 2 3 1 2

then

(U.S. Customary Units)

{ }= ×
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ( )F S l r C S2

3 ( ) 1,530 10b y c b y
2 3 (17)
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(SI Units)

{ }= ×
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ( )F S l r C S2

3 ( ) 10 550 10b y c b y
2 3

When

(U.S. Customary Units)

×( )l r C S510 10c b y
3

(SI Units)

×( )l r C S3 516 10c b y
3

then

(U.S. Customary Units)

= ×( )F C l r170 10 ( )b b c
3 2 (18)

(SI Units)

= ×( )F C l r1 172 10 ( )b b c
3 2

When the compression flange is solid and approxi-
mately rectangular in cross section and its area is not less
than that of the tension flange

(U.S. Customary Units)

= ×( ) ( )F C ld A12 10b b f
3 (19)

(SI Units)

= ( )F C ld A(82 740 )b b f

where

Cb = 1.75 +1.05(M1/M2) + 0.3 (M1/M2)2 ≤ 2.3,whereM1
is the smaller andM2 is the larger bendingmoment
at the ends of the unbraced length taken about the
strong axis of the member, and whereM1/M2 (the
ratio of end moments) is positive whenM1 andM2
have the same sign (reverse curvature bending)
and is negative when they are of opposite signs
(single curvature bending). When the bending
moment at any point within an unbraced length
is larger than that at both ends of this length,
the value of Cb shall be taken as 1.When computing
Fbx and Fby to be used in (e)(1), eq.(20), Cbmay be
computed by the equation given above for frames

subject to joint translation. Cb may conservatively
be taken as 1 for cantilever beams.5

For cantilevers braced against twist only at the
support, lmaybeconservatively takenas theactual length.

(-c) For hybrid plate girders, Sy for (-b), eqs. (17)
and (18) is the yield stress of the compression flange.
Equation (19) of (-b) shall not apply to hybrid girders.

(6) Miscellaneous Members Braced Laterally.
Compression in extreme fibers of flexural members
meeting the requirements of NF-3322.2(d)(1)(-b), but
not included in (5)(-b), shall result in a maximum
bending stress as determined by using (4), eq. (16),
provided that sections bent about their major axis are
braced laterally in the region of compression stress at
intervals not exceeding b S76 f y (for SI units, use

b S200 f y ).
(e) Combined Stresses

(1) Axial Compression and Bending. For members
subjected to both axial compression and bending,
including bending moment resulting in secondary
stress, stresses shall be proportioned to satisfy the re-
quirements of eqs. (20) through (22)

+ +
( )( )

1.0
f

F

C f

f F F

C f

f F F1 1
a

a

mx bx

a ex bx

my by

a ey by
(20)

+ + 1.0
f

S

f

F

f

F0.60
a

y

bx

bx

by

by
(21)

After evaluatingprimary stresses, the right-hand side
of eq. (22)may be replaced by 1.5 when both primary and
secondary bending stresses are considered. When
fa/Fa ≤ 0.15, eq. (22) may be used in lieu of eqs. (20)
and (21)

+ + 1.0
f

F

f

F

f

F
a

a

bx

bx

by

by
(22)

In eqs. (20) through (22), the subscripts x and y indi-
cate the axis of bending about which a particular stress or
design property applies, and

=F E
Kl r

12

23( )
e

b b

2

2

for all members except for those fabricated of austenitic
and duplex stainless steels.

For all members fabricated of austenitic and duplex
stainless steels:

=F E
Kl r1.67( )

e
b b

2

2

for members except those for circular tubular members,
or
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=F E
Kl r1.76( )

e
b b

2

2

for circular members.
In the expression for F′e, as in the case of Fa, Fb, and

0.60Sy, F′e may be multiplied by the appropriate stress
limit factor from Table NF-3312.1(b)-1 for the particular
stress category.

Inequations20and21,Cm is a coefficientwhosevalue
shall be as given in (-a) through (-c)

(-a) For compression members in frames subject
to joint translation (sidesway), Cm = 0.85.

(-b) For rotationally restrained compression
members in frames braced against joint translation
and not subject to transverse loading between their
supports in the plane of bending

=C M M0.6 0.4( )m 1 2

where

M1/M2 = the ratio of the smaller to larger moments at
the ends of that portion of the member
unbraced in the plane of bending under
consideration. M1/M2 is positive when the
member isbent in reversecurvatureandnega-
tive when it is bent in single curvature.

(-c) For compression members in frames braced
against joint translation in the plane of loading and
subjected to transverse loading between their supports,
the value of Cm may be determined by rational analysis;
however, in lieu of such analysis, the following valuesmay
be used:

(-1) for members whose ends are restrained
against rotation in the plane of bending

=C 0.85m

(-2) for members whose ends are unrestrained
against rotation in the plane of bending

=C 1.0m

(-d) ForLevelD, theallowable stresses in eqs. (20),
(21), and (22) shall be defined as follows:

(-1) Fa = P/Ag, where P shall be determined in
accordance with (c)

(-2) For allmembers except for those fabricated
of austenitic or duplex stainless steels, the value of Fe shall
be taken as

=F E
Kl r1.30( )

e
b b

2

2

For all members fabricated of austenitic or
duplex stainless steels, the value of Fe shall be taken as

=F E
Kl r1.50( )

e
b b

2

2

(-3) Fb shall be determined using (2)(-b) or
(2)(-c) as appropriate.

(-4) The 0.60Sy in eq. (21) shall be replacedwith
the smaller of 1.2Sy or 0.7Su.

(2) Axial Tension and Bending. Members subject to
both axial tension and bending stresses shall be propor-
tionedat all points along their length to satisfy the require-
ments of (1), eq. (21), where fb is the computed bending
tensile stress. However, the computed bending compres-
sive stress, taken alone, shall not exceed the applicable
value according to (d), “Stress in Bending.”

For Level D
(-a) the0.60Sy in (1), eq. (21)maybe replacedwith

the smaller of 1.2Sy or 0.7Su
(-b) for members qualifying as compact sections

under criteria of (d)(1), the maximum bending stress
shall be given by

= ×F f Sb y

where

f = plastic shape factor for the cross section

(-c) if members do not meet the compact section
requirements, they shall be designed using one of the two
methods below to determine Fb for use in the preceding
equation.

(-1) Allowable values for Fb given in (d)(2) may
be increased by a factor of 1.11 (to maintain a nominal
factor of safety of 1.5 against instability).

(-2) Rigorous analysis of member stability may
be used to determine critical bending stress. A factor of
safety of 1.5 shall be used in determining allowable design
bending stress.

(3) Shear and Tension. Bolts subject to combined
shear and tension shall be proportioned in accordance
with the requirements of NF-3324.

(f) Bearing on Contact Area
(1) Milled Surfaces.Oncontact areaofmilled surfaces

and ends of fitted bearing stiffeners on projected area of
pins in reamed, drilled, or bored holes, the maximum
bearing stress shall be

=F S0.90p y (23)

NOTE: When parts in contact have different yield stresses, Sy
shall be the smaller value.

(2) Rollers and Rockers. The maximum bearing
stress, ksi (MPa), shall be

(U.S. Customary Units)
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=
i
k
jjjjj

y
{
zzzzzF

S
d

13

20
0.66p

y
(24a)

(SI Units)

=
i
k
jjjjj

y
{
zzzzzF

S
d

90

20
0.66p

y

(3) Bolts. The maximum bearing load on projected
area of bolts in bearing connections shall be

=F S1.5p u (24b)

(4) Concrete Bearing. In the absence of any other
Code rules governing bearing stresses on concrete, the
maximum bearing stress values shall be as given in
(-a) and (-b)

(-a) on the full area of a concrete support
=F f0.35p c (25)

(-b) on less than the full area of a concrete support

=F f A A f0.35 0.7p c c2 1 (26)

where

A1 = bearing area, in.2 (mm2)
A2 = full cross-sectional area of concrete support,

in.2 (mm2)

(5) Pinned or Bolted Joints. For Level C and Level D
Service Loadings, the bearing stress for pinned joints or
bolted joints shall not exceed 2.1Su.

(g) Single Angle Members. Single angle members shall
be designed in accordance with Mandatory Appendix
NF-II.

NF-3322.2ð23Þ Stability and Slenderness and Width–
Thickness Ratios.

(a) General Requirements
(1) General stability shall be provided for the struc-

ture as awhole and for each compression element. Design
consideration shall be given to significant load effects
resulting from the deflected shape of the structure or
of individual elements of the lateral load resisting
system, including the effects on beams, columns,
bracing, connections, and shear walls.

(2) In determining the slenderness ratio of an axially
loaded compression member, except as provided in
NF-3322.1(c)(3), the length shall be taken as its effective
length Kl, and r shall be taken as the corresponding radius
of gyration.

(b) Lateral Stability
(1) Braced Frames. In frames [where lateral stability

is provided by adequate attachment to diagonal bracing
(to shear walls), to an adjacent structure having adequate

lateral stability, or to floor slabs (or roof decks) secured
horizontally by walls or bracing systems parallel to the
plane of the frame] and in trusses, the effective length
factor K for the compression members shall be taken
as 1.0, unless analysis shows that a smaller value may
be used.

(2) Unbraced Frames. In frames where lateral stabil-
ity is dependent upon the bending stiffness of rigidly
connected beams and columns, the effective length Kl
ofcompressionmembers shall bedeterminedbya rational
method and shall not be less than the actual unbraced
length.

(c) Maximum Slenderness Ratios
(1) The slenderness ratio Kl/r of compression

members shall not exceed 200.
(2) The slenderness ratio l/r of tension members,

other than rods, preferably should not exceed 240 for
main members, and 300 for lateral bracing members
and other secondary members.

(d) Width Ratios
(1) Unstiffened Elements Under Compression

(-a) Effective Width. Unstiffened (projecting)
compression elements are those having one free edge
parallel to the direction of compression stress. The
width of unstiffened plates shall be taken from the free
edge to the first row of fasteners or welds; the width
of legs of angles, channel and zee flanges, and stems of
tees shall be taken as the full nominal dimension; the
width of flanges of I- and H-shaped members and tees
shall be taken as one-half of the full nominal width.
The thickness of a sloping flange shall be measured at
a section halfway between a free edge and the corre-
sponding face of the web.

(-b) Determination of Effective Width. Unstiffened
elements subject to axial compressionor compressiondue
to bending shall be considered as fully effective when the
width–thickness ratio is not greater than the following,
except for those fabricated fromausteniticorduplex stain-
less steels whose effective width meets the provisions of
Table NF-3322.2(d)-1:

(-1) for single angle struts and double angle
struts with separators, S76 y (for SI units, use S200 y ).

(-2) for struts comprising double angles in
contact; angles or plates projecting from girders,
columns, or other compression members; compression
flanges of beams; and stiffeners on plate girders,

S95 y (for SI units, use S250 y ).

(-3) for stems of tees, S127 y (for SI units, use

S333 y ).
When the actual width–thickness ratio exceeds these

values, the design stress shall be governed by the provi-
sions of (e).

(2) Stiffened Elements Under Compression
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Table NF-3322.2(d)-1
ð23ÞLimiting Width-to-Thickness Ratios for Compression Elements in Members Subject to Axial Compression

for Austenitic or Duplex Stainless Steels

Element
Type Case Description of Element

Width-to-
Thickness
Ratio

Limiting Width-to-
Thickness Ratio

(nonslender/slender) Example
Unstiffened
elements

1 Flanges of rolled I-shaped
sections, plates
projecting from rolled
I-shaped sections;
outstanding legs of
pairs of angles
connected with
continuous contact,
flanges of channels, and
flanges of tees

b/t E S0.47 / y b
t

b
t

b
t

b
t

h

b
t

2 Flanges of built-up
I-shaped sections and
plates or angle legs
projecting from builtup
I-shaped sections

b/t E S0.47 / y
t

b

h t

b

3 Legs of single angles, legs
of double angles with
separators, stems of
tees and all other
unstiffened elements

b/t E S0.38 / y b
t

b
t

t b

b
t t d

Stiffened
elements

4 Websof doubly symmetric
I-shaped sections and
channels

h/t E S1.24 / y

t h t h

5 Walls of rectangular
tubular elements and
boxes of uniform
thickness

b/t E S1.24 / y t

b

6 All other stiffened
elements

b/t E S1.24 / y

t

b

7 Round tubular elements D/t E S0.10 / y

D

t
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(-a) Effective Width. Stiffened compression
elements are those having lateral support along both
edges which are parallel to the direction of the compres-
sion stress. The width of such elements shall be taken as
following, except for those fabricated from austenitic or
duplex stainless steels whose effective width meets the
provisions of Table NF-3322.2(d)-1:

(-1) For webs of rolled, built-up, or formed
sections, h is the clear distance between flanges.

(-2) For webs of rolled, built-up, or formed
sections, d is the full nominal depth.

(-3) For flange or diaphragm plates in built-up
sections, thewidthb is thedistancebetweenadjacent lines
of fasteners or lines of welds.

(-4) For flanges of rectangular hollow structural
sections, the width b is the clear distance between webs
less the inside corner radius on each side. If the corner
radius is not known, the flat width may be taken as
the total section width minus three times the thickness.

(-b) Determination of Effective Width. Stiffened
elements subject to axial compression or to uniform
compression due to bending, as in the case of the
flange of a flexural member [webs of flexural members
are covered by the provisions of NF-3322.6(a) and
NF-3322.6(e)(2) and are not subject to the provisions
of this paragraph], shall be considered as fully effective
when the width–thickness ratio is not greater than the
following, except for those fabricated from austenitic
or duplex stainless steels whose effective width meets
the provisions of Table NF-3322.2(d)-1:

(-1) for flanges of square and rectangular box
sections of uniform thickness, S238 y (for SI units,

use S624 y ).
(-2) for unsupported width of cover plates

perforated with a succession of access holes, S317 y

(for SI units, use S831 y ).

NOTE: Assumes net area of plate at widest hole as basis for
computing compression stresses.

(-3) for all other uniformly compressed stif-
fened elements, S253 y (for SI units, use S663 y ).

Except in the case of perforated cover plates, when
the actual width–thickness ratio exceeds these values,
the design stress shall be governed by the provisions
of (e).

(-c) Circular Tubular Elements. Circular tubular
elements subject to axial compression, except for those
fabricated from austenitic or duplex stainless steels
whose effective width meets the provisions of
Table NF-3322.2(d)-1, shall be considered as fully effec-
tive when the ratio of the outside diameter to the wall
thickness is not greater than 3,300/Sy (22700/Sy). For
diameter to thickness ratios greater than 3,300/Sy (22

700/Sy) but less than 13,000/Sy (89600/Sy), the calcu-
lated stress shall be governed by the provisions of (e).

(e) Slender Compression Elements
(1) General Requirements. Axially loaded members

and flexural members, containing elements subject to
compression and having a width–thickness ratio in
excess of the applicable limit given in (d)(1) and
(d)(2), shall be proportioned to meet the requirements
of the following subparagraphs:

(2) Unstiffened Compression Elements. Except as
provided herein, stress on unstiffened compression
elements, the width–thickness ratio of which exceeds
the applicable limit given in (d)(1), shall be subject to
a reduction of factor Qs. The value of Qs shall be deter-
mined by (-a), eq. (27) through (-e), eq. (35), as applicable,
where b is the width of the unstiffened element as defined
in (d)(1). When such elements comprise the compression
flange of a flexural member, the maximum allowable
bending stress shall not exceed 0.6SyQs, nor the applicable
value as provided in (5) or (6). The allowable stress of
axially loaded compression members shall be modified
by the appropriate reduction factor Qs as provided in (5).

(-a) For single angles, except for those fabricated
from austenitic or duplex stainless steels, when

(U.S. Customary Units)

< <S b t S76 155y y

(SI Units)

< <S b t S200 400y y

then

(U.S. Customary Units)

=Q b t S1.340 0.00447( )s y (27)

(SI Units)

=Q b t S1.340 0.00171( )s y

when

(U.S. Customary Units)

b t S155 y

(SI Units)

b t S400 y

then
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(U.S. Customary Units)

=
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑQ S b t15,500 ( )s y

2 (28)

(SI Units)

=
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑQ S b t106 869 ( )s y

2

(-b) For angles or plates projecting from columns
or other compression members and for projecting
elements of compression flanges of girders, except for
those fabricated from austenitic or duplex stainless
steels, when

(U.S. Customary Units)

< <S k b t S k95 195y c y c

(SI Units)

< <S k b t S k250 510y c y c

then

(U.S. Customary Units)

=Q b t S k1.293 0.00309( )s y c (29)

(SI Units)

=Q b t S k1.293 0.00118( )s y c

when

(U.S. Customary Units)

>b t S k195 y c

(SI Units)

>b t S k510 y c

then

(U.S. Customary Units)

=
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑQ k S b t26,200 ( )s c y

2 (30)

(SI Units)

=
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑQ k S b t180 000 ( )s c y

2

= > =k
h t

h
t

k4.05

( )
if 70, otherwise 1.0.c c0.46

(-c) For stems of tees, when

(U.S. Customary Units)

< <S b t S127 176y y

(SI Units)

< <S b t S333 461y y

then

(U.S. Customary Units)

=Q b t S1.908 0.00715 ( )s y (31)

(SI Units)

=Q b t S1.908 0.00273 ( )s y

when

(U.S. Customary Units)

b t S176 y

(SI Units)

b t S461 y

then

(U.S. Customary Units)

=
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑQ S b t20,000 ( )s y

2 (32)

(SI Units)

=
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑQ S b t138 000 ( )s y

2

(-d) However, unstiffened elements of channels
and tees whose proportions exceed the limits of (d)(1)
s h a l l c on f o rm to t h e l im i t s g i v en i n Tab l e
NF-3322.2(e)(2)-1.
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(-e) For flanges, angles and plates projecting from
rolled or built-up I-shaped columns or other compression
members fabricated from austenitic or duplex stainless
steels, when

b t E S/ 0.47 / y

then

=Q 1.0s (33)

when

<E S b t E S0.47 / / 0.90 /y y

then

= ( )Q b t S E1.498 1.06 / /s y (34)

when

>b t E S/ 0.90 / y

then

=Q E
S b t

0.44

( / )s
y

2 (35)

(3) Stiffened Compression Elements
(-a) When the width–thickness ratio of uniformly

compressed stiffened elements, except for perforated
cover plates, exceeds the applicable limit given in
(d)(2), a reduced effective width be shall be used in
computing the flexural design properties of the section
containing the element and the permissible axial
stress, except that the ratio be/t need not be taken as
less than the applicable value permitted in (d)(2).

(-1) For the flanges of square and rectangular
sections of uniform thickness except for those fabricated
from austenitic or duplex stainless steels:

(U.S. Customary Units)

=
Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ
i
k
jjjjj

y
{
zzzzz

É

Ö

ÑÑÑÑÑÑÑÑÑÑ
b b1e

t
f b t f

253 50.3
( )

(36)

(SI Units)

=
Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ
i
k
jjjjj

y
{
zzzzz

É

Ö

ÑÑÑÑÑÑÑÑÑÑ
b b1e

t
f b t f

663 132
( )

(-2) For other uniformly compressed elements
except for those fabricated fromausteniticorduplex stain-
less steels:

(U.S. Customary Units)

=
Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ
i
k
jjjjj

y
{
zzzzz

É

Ö

ÑÑÑÑÑÑÑÑÑÑ
b b1e

t
f b t f

253 44.3
( )

(37)

(SI Units)

=
Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ
i
k
jjjjj

y
{
zzzzz

É

Ö

ÑÑÑÑÑÑÑÑÑÑ
b b1e

t
f b t f

663 116
( )

(-3) For uniformly compressed elements
including the flanges of square and rectangular sections
fabricated from austenitic or duplex stainless steels with
b t E f/ 1.24 / :

(U.S. Customary Units)

=
Ä
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b t E f
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E f b1.468 / 1
0.194

/
/e (38)

(SI Units)

=
Ä
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É
Ö
ÑÑÑÑÑÑÑÑÑ

b t E f
b t

E f b1.468 / 1
0.194

/
/e

where

b = the actual width, in. (mm), of a stiffened compres-
sion element as defined in (d)(2)

f = computed compressive stress, ksi (MPa), in the stif-
fened elements based on the design properties as
specified in (4). If unstiffened elements are included
in the total cross section for the stiffened element, f
must be such that themaximum compressive stress
in the unstiffened element does not exceed FaQs or
FbQs, as applicable.

Table NF-3322.2(e)(2)-1
Limiting Proportions for Channels and Tees

Shape

Ratio of Flange
Width to Profile

Depth
Ratio of Flange Thickness
to Web or Stem Thickness

Built‐up or
rolled
channels

≤0.25 ≤3.0
≤0.50 ≤2.0

Built‐up tees ≥0.50 ≥1.25
Rolled tees ≥0.50 ≥1.10
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(-b) The allowable stress for axially loaded
circular tubular members not meeting the requirements
of NF-3322.1(e), but having a diameter-to-thickness ratio
of less than 13,000/Sy (for SI units, use 89 000/Sy), shall
not exceed either the smaller value determined by
NF-3322.1(e) or

(U.S. Customary Units)

= +
Ä

Ç
ÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑ

F
D t

S662
0.4a y

(SI Units)

= +
Ä

Ç
ÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑ

F
D t

S4 560
0.4a y

(-c) When the allowable stresses are increased for
Level C or Level D Service Limits, the effective width be
shall be determined on the basis of 0.75 times the
computed compressive stress, f, caused by Level C or
Level D Service Loadings.

(4) Design Properties. Properties of sections shall be
determined in accordance with conventional methods,
using the full cross section of the member, except as
required in (-a) and (-b).

(-a) In computing the moment of inertia and
section modulus of flexural members with respect to
the axis of bending under consideration, the effective
width of stiffened compression elements parallel to the
axis of bending and having a width–thickness ratio in
excess of the applicable limit given in (d)(2), rather
than the actual width, shall be used, and the axis of
bending shall be located accordingly, except that for
sections otherwise symmetrical, the properties may
conservativelyandmoreeasilybecomputedusingacorre-
sponding effective area on the tension side of the neutral
axis as well. That portion of the area that is neglected in
arriving at the effective area shall be located at and
symmetrical about the centerline of the stiffened
element to which it applies.

(-b) The stress fa due to axial loading, and the
radius of gyration r, shall be computed on the basis of
actual cross-sectional area. However, the allowable
axial stress Fa, as provided in (5) shall be subject to
the form factor

=Q effective area
actual areaa

where the effective area is equal to the actual area
less ∑(b − be)t.

(5) Axially Loaded Compression Members. The allow-
able stress for axially loaded compression members,
except for those fabricated fromaustenitic orduplex stain-

less steels containing unstiffened or stiffened elements
shall not exceed

=
+

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑFa

Q Q S1s a
Kl r

C c
y

Kl r
C c

Kl r

C c

( )2

2( )2

5
3

3( )
8

( )3

8( )3

(39)

when the largest effective slenderness ratio of any
unbraced segment is less than C′c or the value given by
NF-3322.1(c)(1)(-b), eq. (5) when Kl/r exceeds C′c, where

=C E
QS

2
c

y

2

and
=Q Q Qs a

The allowable stress for axially loaded compression
members fabricated from austenitic or duplex stainless
steels containing unstiffened or stiffened elements,
except for circular tubular members, shall not exceed

=
( )

F
Q Q S0.50

1.67a
s a

QS F
y

/y e
(40)

where

Kl r E QS/ 3.77 / y
and

=F
F0.531

1.67a
e (41)

where

>Kl r E QS/ 3.77 / y
where

=Q Q Qs a

(-a) Cross sections composed entirely of unstif-
fened elements

= =Q Q Q(i. e., 1.0)s a

(-b) Cross sections composed entirely of stiffened
elements

= =Q Q Q(i. e., 1.0)a s

The allowable stress for axially loaded compression
members fabricated from austenitic or duplex stainless
steels containing unstiffened or stiffened elements for
circular tubular members, shall not exceed

=
( )

F
Q Q S0.50

1.76a
a

QS F
y5

/y e
(42)

where

Kl r E QS/ 3.77 / y
and
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=F
F0.531

1.76a
e (43)

where

>Kl r E QS/ 3.77 / y
where

=Q Q Qs a

(-c) Cross sections composed of both stiffened and
unstiffened elements

=Q Q Qs a

(6) Combined Axial and Flexural Stress. In applying
the provisions of NF-3322.1(e) to members subject to
combined axial and flexural stress and containing stif-
fened elements whose width–thickness ratio exceeds
the applicable limit given in (d)(2), the stresses Fa, fbx,
and fby shall be calculated on the basis of the section prop-
erties as provided in (4) and (5), as applicable. The allow-
ablebending stressFb formembers containingunstiffened
elements whose width–thickness ratio exceeds the appli-
cable limit given in (d)(1) shall be thesmaller value0.6SyQs
or that provided in NF-3322.1(d)(5).

NF-3322.3 Plate Girders, Rolled Beams, and Built-Up
Members.

(a) Girders and Rolled Beams. Rolled or welded shapes,
plate girders, and cover-plated beams shall, in general, be
proportioned by the moment of inertia of the gross
section. No deduction shall be made for shop or field
bolt or rivet holes in either flange provided that

S A S A0.5 0.6u fn y fg (44a)

where Afg is the gross flange area and Afn is the net flange
area, calculated in accordance with the provisions of
NF-3322.8.
If

<S A S A0.5 0.6u fn y fg (44b)

themember flexural properties shall be based on an effec-
tive tension flange area Afe

=A
S
S

A5
6fe

u

y
fn (44c)

(b) Hybrid Girders.Hybridgirdersmaybeproportioned
by the moment of inertia of their gross section, provided
that they are not required to resist an axial force greater
than 0.15Sy times the area of the gross section, where Sy is
the yield stress of the flangematerial. To qualify as hybrid
girders, the flanges at any given section shall have the
same cross-sectional area and be made of the same
grade of steel.

(c) Open Box-Type Beams and Grillages. When two or
more rolled beams or channels are used side by side
to form a flexural member, they shall be connected

together at intervals of not more than 5 ft (1.5 m).
Through-bolts and separators may be used, provided
that in beams having a depth of 12 in. (300 mm) or
more, no fewer than two bolts shall be used at each
separator location. When concentrated loads are
carried from one beam to the other or distributed
between thebeams, diaphragmshaving sufficient stiffness
to distribute the load shall be bolted or welded between
the beams.

NF-3322.4 Compression Members.

(a) Requirements for Fasteners
(1) Transverse Spacing of Fasteners.All parts of built-

up compression members and the transverse spacing of
their lines of fasteners shall meet the requirements of
NF-3322.2.

(2) End Fasteners. At the ends of built-up compres-
sionmembersbearingonbaseplatesormilled surfaces, all
components in contact with one another shall be
connected by bolts, spaced longitudinally not more
than four diameters apart for a distance equal to 11∕2
times the maximum width of the member, or by contin-
uous welds having a length not less than the maximum
width of the member.

(3) Intermediate Fasteners. The longitudinal spacing
for intermediate bolts or intermittent welds in built-up
members shall be adequate to provide for the transfer
of calculated stress. The maximum longitudinal spacing
of bolts or intermittent welds connecting two rolled
shapes in contact with one another shall not exceed 24
in. (600 mm). In addition, for painted members and
unpainted members not subject to corrosion where the
outside component consists of a plate, the maximum lon-
gitudinal spacing shall not exceed:

(-a) S127 y (for SI units, use S333 y ) times the
thickness of the outside plate nor 12 in. (300 mm) when
fasteners are not staggered along adjacent gage lines;

(-b) S190 y (for SI units, use S500 y ) times the
thickness of the outside plate nor 18 in. (450 mm) when
fasteners are staggered along adjacent gage lines.

(b) Local Slenderness Ratio. Compression members
composed of two or more rolled shapes separated by
intermittent fillers shall be connected at these fillers at
intervals such that the slenderness ratio Kl/r of either
shape, between the fasteners, does not exceed 3∕4 times
the governing slenderness ratio of the built-up
member. The least radius of gyration r shall be used in
computing the slenderness ratio of each component
part. At least two intermediate connectors shall be
used along the length of the built-up member.

(c) Tie Plates. Open sides of compression members
built up from plates or shapes shall be provided with
lacing having tie plates at each end and at intermediate
points if the lacing is interrupted. Tie plates shall be as
near to the ends as practicable. Inmainmembers carrying
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calculated stress, the end tie plates shall have a length of
not less than the distance between the lines of bolts or
welds connecting them to the elements of the member.
Intermediate tie plates shall have a length not less
than one-half of this distance. The thickness of tie
plates shall be not less than one-fiftieth of the distance
between the lines of bolts or welds connecting them to
the segments of the members. In bolted construction,
the spacing in the direction of stress in tie plates shall
be not more than six diameters and the tie plates shall
be connected to each segment by at least three fasteners.
In welded construction, the welding on each line
connecting a tie plate shall aggregate not less than
one-third of the length of the plate.

(d) Lacing. Lacing, including flat bars, angles, channels,
or other shapes employed as lacing, shall be so spaced that
the ratio l/r of the flange included between their connec-
tions shall not exceed 3∕4 times the governing ratio for the
member as a whole. Lacing shall be proportioned to resist
a shearing stressnormal to the axis of thememberequal to
2% of the total compressive stress in the member. The
ratio l/r for lacing bars arranged in single systems
shall not exceed 140. For double lacing this ratio shall
not exceed 200. Double lacing bars shall be joined at
their intersections. For lacing bars in compression, the
unsupported length of the lacing bar shall be taken as
the distance between fasteners or welds connecting it
to the components of the built-up member for single
lacing, and 70% of that distance for double lacing. The
inclination of lacing bars to the axis of the member
shall preferably be not less than 60 deg for single
lacing and 45 deg for double lacing. When the distance
between the lines of fasteners or welds in the flanges
is more than 15 in. (381 mm), the lacing preferably
shall be double or be made of angles.

(e) Perforated Cover Plates. The function of tie plates
and lacing may be performed by continuous cover
plates perforated with a succession of access holes.
The unsupported width of such plates at access holes,
as defined in NF-3322.2(d)(2), is assumed to be available
to resist axial stress, provided that

(1) thewidth–thickness ratio conforms to the limita-
tions of NF-3322.2(d)(2)

(2) the ratioof length indirectionof stress towidthof
hole shall not exceed 2

(3) the clear distance between holes in the direction
of stress shall be not less than the transverse distance
between nearest lines of connection bolts or welds

(4) the periphery of the holes at all points connecting
shall have a minimum radius of 11∕2 in. (38 mm)

NF-3322.5 Built-Up Tension Members.

(a) Longitudinal Spacing of Connectors. The longitudi-
nal spacingof connectors betweenelements in continuous
contact consistingof aplate anda shapeor twoplates shall
not exceed

(1) 24 times the thickness of the thinner plate, or 12
in. (300mm) for paintedmembers or unpaintedmembers
not subject to corrosion

(2) 14 times the thickness of the thinner plate, or 7
in. (175 mm) for unpainted members of weathering steel
subject to atmospheric corrosion
In a tension member the longitudinal spacing of

fasteners and intermittent welds connecting two or
more shapes in con tac t sha l l no t exceed 24
in. (600 mm). Tension members composed of two or
more shapes or plates separated by intermittent fillers
shall be connected to one another at these fillers at inter-
vals such that the slenderness ratio of either component
between the fasteners does not exceed 300.

(b) Perforated Cover and Tie Plates. Either perforated
coverplatesor tieplateswithout lacingmaybeusedon the
open sides of built-up tension members. Tie plates shall
have a length not less than two-thirds the distance
between the lines of bolts or welds connecting them to
the elements of the member. The thickness of such tie
plates shall not be less than one-fiftieth of the distance
between these lines. The longitudinal spacing of bolts
or intermittent welds at tie plates shall not exceed 6
in. (150 mm). The spacing of tie plates shall be such
that the slenderness ratio of any component in the
length between tie plates shall not exceed 300.

NF-3322.6 Webs, Flanges, and Stiffeners.

(a) Webs. The ratio of the clear distance between
flanges to the web thickness shall not exceed

(U.S. Customary Units)

+( )S S14,000 16.5y y (45)

(SI Units)

+( )S S96 500 114y y

except that when transverse stiffeners are provided,
spaced not more than 11∕2 times the girder depth, the
limiting ratio may be S2,000 y (for SI units, use

S5 300 y ), where Sy is the yield stress of the compression
flange.

(1) Combined Shear and Tension Stress. Plate girder
webswhich depend upon tension field action, as provided
in (e)(2), eq.(54), shall be so proportioned that bending
tensile stress due tomoment in the plane of the girderweb
shall not exceed 0.6Sy, or

i
k
jjjjj

y
{
zzzzz

f

F
S0.825 0.375 v

v
y (46)

where
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Fv = allowableweb shear stress, ksi (MPa), according to
(e)(2), eq. (54)

The allowable shear stress in the webs of girders
having flanges and webs with yield values greater than
65 ksi (450 MPa) shall not exceed the values given by
(e)(2), eq. (53) if the flexural stress in the flange fb
exceeds 0.75Fb.

(2) Web Crippling
(-a) Local Web Yielding. Webs of beams and

welded plate girders shall be so proportioned that the
compressive stress at the web toe of the fillets, resulting
from concentrated loads not supported by bearing stif-
feners, shall not exceed the value of 0.66Sy; otherwise,
bearing stiffeners shall be provided. The governing equa-
tions shall be

(-1) for interior loads

+
R

t N k
S

( 5 )
0.66 y (47)

(-2) for end reactions

+
S0.66R

t N k y( 2.5 )
(48)

where N is greater than or equal to k for end reactions.
(-b) Stress on Compression Edge of Web Plate.

Bearing stiffeners shall be provided in the webs of
members under concentrated loads, when the compres-
sive force exceeds the following limits:
when the concentrated load is applied at a distance not
less than d/2 from the end of the member

(U.S. Customary Units)
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when the concentrated load is applied less than a distance
d/2 from the end of the member

(U.S. Customary Units)
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(50)

(SI Units)
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where

d = overall depth of the member, in. (mm)
Sy = specified minimum yield stress of beam web,

ksi (MPa)
tf = flange thickness, in. (mm)

tw = web thickness, in. (mm)

If stiffeners are provided and extend at least one-
half thewebdepth, eqs. (49) and (50)neednotbe checked.

Bearing stiffeners shall be provided in the webs of
members with flanges not restrained against relative
movement by stiffeners or lateral bracing and subject
to concentrated compressive loads,when thecompressive
force exceeds the following limits:

If the loaded flange is restrained against rotation
and (dc/tw)/(l/bf) is less than 2.3

(U.S. Customary Units)
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If the loaded flange is not restrained against rota-
tion and (dc/tw)/(l/bf) is less than 1.7

(U.S. Customary Units)

=

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅÅ

i
k
jjjjj

y
{
zzzzz

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑÑ
R 0.4

t
h

d t
l b

6,800
3

w c w

f

3
(50b)

(SI Units)

=

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅÅ

i
k
jjjjj

y
{
zzzzz

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑÑ
R 0.4

t
h

d t
l b

46 882
3

w c w

f

3

where

bf = flange width, in. (mm)
dc = web depth clear of fillets, in. (mm)
x = d − 2k
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l = largest laterally unbraced length along either
flange at the point of load, in. (mm)

Equations (50a) and (50b) need not be checked
providing (dc/tw)/(l/bf) exceeds 2.3 or 1.7, respectively,
or for webs subject to uniformly distributed load.

(b) Flanges
(1) The thickness of outstanding parts of flanges

shall conform to the requirements of NF-3322.2(d)(1).
(2) Flanges of welded plate girders may be varied in

thickness or width by splicing a series of plates or by the
use of cover plates.

(3) The total cross-sectional area of cover plates of
bolted girders shall not exceed 70% of the total flange
area.

(c) Flange Development
(1) High-strengthbolts orwelds connecting flange to

webor cover plate to flange shall be proportioned to resist
the total horizontal shear resulting from the bending
forces on the girder. The longitudinal distribution of
these bolts or intermittent welds shall be in proportion
to the intensity of the shear, but the longitudinal spacing
shall not exceed themaximumpermitted, respectively, for
compression or tension members in NF-3322.4(a)(3) or
NF-3322.5(a). Additionally, bolts or welds connecting
flange to web shall be proportioned so as to transmit
to the web any loads applied directly to the flange
unless provision is made to transmit such loads by
direct bearing.

(2) Partial length cover plates shall be extended
beyond the theoretical cut-off point and the extended
portion shall be attached to the beam or girder by
high-strength bolts for friction-type joints or fillet
welds adequate at the applicable stresses allowed in
NF-3324.6(a), NF-3324.5(d), or NF-3332.4, to develop
the cover plate portion of the flexural stresses in the
beam or girder at the theoretical cut-off point. In addition,
for welded cover plates, the welds connecting the cover
plate termination to the beam or girder in the length a′,
defined in (-a) through (-c), shall be adequate at the
allowed stresses to develop the cover plate portion of
the flexural stresses in the beam or girder at the distance
a′ from the end of the cover plate. The length a′measured
from the end of the cover plate, shall be

(-a) a distance equal to thewidth of the coverplate
when there is a continuous weld equal to or larger than
three-fourths of the plate thickness across the end of the
plate and continuous welds along both edges of the cover
plate in the length a′

(-b) a distance equal to 11∕2 times the width of the
cover plate when there is a continuous weld smaller than
three-fourths of the plate thickness across the end of the
plate and continuous welds along both edges of the cover
plate in the length a′

(-c) a distance equal to two times the width of the
cover plate when there is no weld across the end of the
plate, but continuous welds along both edges of the cover
plate in the length a′

(d) Reduction in Flange Stress. When the web depth–
thickness ratio exceeds F760 b (for SI units, use

F2 000 b ), the maximum stress in the compression
flange shall not exceed
(U.S. Customary Units)
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where Fb is the applicable bending stress, ksi (MPa), given
in NF-3322.1(d). Themaximum stress in either flange of a
hybrid girder shall not exceed thevalue given ineq. (51) or
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(52)

(e) Stiffeners
(1) Bearing. Bearing stiffeners shall be placed in

pairs at unframed ends on the webs of plate girders
and, where required by (a)(2), at points of concentrated
loads. Suchstiffeners,when the loadnormal to the flange is
tensile, shall be welded to the loaded flange and when the
loadnormal to the flange is compressivemaybewelded or
bear on the loaded flange. They shall be designed as
columns subject to the provisions of NF-3322.1, assuming
the column section to comprise the pair of stiffeners and a
centrally located strip of the web whose width is equal to
not more than 25 times its thickness at interior stiffeners,
or a width equal to not more than 12 times its thickness
when the stiffeners are located at the end of the web. The
effective length shall be taken as not less than three-
fourths of the length of the stiffeners in computing the
ratio l/r. Only that portion of the stiffener outside of
the flange angle fillet or the flange to web welds shall
be considered effective in bearing.

(2) Average Web Shear. Except as provided herein,
the largest average web shear fv, ksi (MPa), computed
for any condition of complete or partial loading, shall
not exceed the value given by eq. (53)

= ( )F S C S2.89 0.4v y v y (53)

where, when Cv is less than 0.8,
(U.S. Customary Units)
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when Cv is greater than 0.8,
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where

k = 4.00 + [5.34/(a/h)2], when a/h is less than 1.0
x = 5.34 + [4.00/(a/h)2], when a/h is more than 1.0

Alternatively, for girders other than hybrid girders
and tapered members, if intermediate stiffeners are
provided and spaced to satisfy the provisions of (3)
and if Cv ≤ 1, the allowable shear given by eq. (54)
may be used in lieu of the value given in eq. (55)

= +
+

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑ
F C S0.4v

S
v

C

a h
y2.89

1

1.15 1 ( )

y v
2

(54)

NOTE: Equation (54) recognizes the contributionof tension field
action.

(3) Intermediate Stiffeners
(-a) Subject to the limitations of (a), intermediate

stiffeners are not required when the ratio h/t is less than
260 and themaximumweb shear stress fv is less than that
permitted for Fv by (2), eq. (53).

(-b) The spacing of intermediate stiffeners, when
stiffeners are required, shall be such that the web shear
stresswill not exceed the value for Fv given by (2), eq. (53)
or eq. (54), as applicable, and the ratioa/h shall not exceed
[260/(h/t)]2 or 3.

(-c) In girders designed on the basis of tension
field action, the spacing between stiffeners at end
panels, atpanels containing largeholes, andatpanels adja-
cent to panels containing large holes shall be such that fv
does not exceed the value for Fv given by (2), eq. (53).

(4) Moment of Inertia and Gross Area

(-a) Themoment of inertia, in.4 (mm4), of a pair of
intermediate stiffeners or a single intermediate stiffener,
with reference to an axis in the plane of the web, shall not
be less than (h/50)4.

(-b) The gross area, in.2 (mm2), of intermediate
stiffeners spaced as required for (2), eq. (54) (total
area, when stiffeners are furnished in pairs), shall be
not less than that computed by eq. (55)

=
+

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑ
A YDhtst

C a
h

a h

a h

1
2

( )

1 ( )

v
2

2
(55)

where

D = 1.0 for stiffeners furnished in pairs
x = 1.8 for single angle stiffeners
x = 2.4 for single plate stiffeners

(-c) When the greatest shear stress fv in a panel is
less than that permitted by (2), eq. (54), this gross area
requirement may be reduced proportionately.

( - d ) Intermediate st i f feners required by
(2), eq. (54) shall be connected for a total shear transfer,
kips/linear in. (N/linear mm) of single stiffener or pair of
stiffeners, not less than that computed by eq. (56)

(U.S. Customary Units)

=
i
k
jjjjj

y
{
zzzzzf h

S

340vs
y

3 2
(56)

(SI Units)

=
i
k
jjjjj

y
{
zzzzzf h

S

647vs
y

3 2

This shear transfer may be reduced in the same
proportion that the largest computed shear stress fv in
the adjacent panels is less than that permitted by
(2), eq. (54). However, bolts and welds in intermediate
stiffeners which are required to transmit to the web
an applied concentrated load or reaction shall be propor-
tioned for not less than the applied load or reaction.

(-e) Intermediate stiffness may be stopped short
of the tension flange, provided bracing is not needed to
transmit a concentrated load or reaction; the weld by
which intermediate stiffeners are attached to the web
shall be terminated not closer than four times nor
more than six times the web thickness from the near
toe of the web to flange welds. When single stiffeners
are used, they shall be attached to the compression
flange, if it consists of a rectangular plate, to resist any
uplift tendency due to torsion in the plate. When
lateral bracing is attached to a stiffener or a pair of stif-
feners, these, in turn, shall be connected to the compres-
sion flange to transmit 1%of the total flange stress, unless
the flange is composed only of angles.
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(-f) Bolts connecting stiffeners to the girder web
shall be spacednotmore than12 in. (300mm)on center. If
intermittent fillet welds are used, the clear distance
between welds shall not be more than 16 times the
web thickness, or more than 10 in. (250 mm).

(f) Splices. Groove welded splices in the plate girders
and beams shall develop the full strength of the smaller
spliced section; other types of splices in cross sections of
plate girders and in beams shall develop the strength
required by the stresses at the point of splice.

(g) Rotational Restraint at Points of Support. Beams,
girders, and trusses shall be restrained against rotation
about their longitudinal axis at points of support.

NF-3322.7 Simple and Continuous Spans, and Provi-
sion for Expansion.

(a) Design Requirements for Spans
(1) Simple Spans. Beams, girders, and trusses shall

ordinarily be designed on the basis of simple spans
whose effective length is equal to the distance between
centers of gravity of the members to which they
deliver their end reactions.

(2) Continuous Spans.Whendesignedon theassump-
tion of full or partial end restraint, due to continuous,
semi-continuous, or cantilever action, the beams,
girders, and trusses, as well as the sections of the
members to which they connect, shall be designed to
carry the shears and moments so introduced, as well
as all other forces, without exceeding at any point the
unit stresses prescribed in NF-3321.1, except that
some nonelastic but self-limiting deformation of a part
of the connection may be permitted when this is essential
to the avoidance of overstressing of fasteners.

(3) Provision for Expansion.Adequate provision shall
bemade for expansion and contraction appropriate to the
function of the support structure.

NF-3322.8 Gross and Net Areas.

(a) Determination of Gross and Net Areas. The gross
area of a member at any point shall be determined by
summing the products of the thickness and the gross
width of each element as measured normal to the axis
of themember. Thenet area shall bedeterminedby substi-
tuting the net width, computed in accordance with (c), for
the gross width.

(b) Net Area and Effective Net Area. Unless otherwise
specified, tension members shall be designed on the basis
of net area. Compression members shall be designed on
the basis of gross area. Beams and girders shall be
designed in accordance with NF-3322.3(a). The effective
net area of threaded members shall be the tensile stress
area, with the exception that threaded hanger rods shall
comply with NF-3412.3.

(c) Calculation of Net Area
(1) Parts With Holes

(-a) In the case of a chain of holes extending across
a part in any diagonal or zigzag line, the net width of the
part shall be obtained by deducting from the gross width
the sum of the diameters of all the holes in the chain and
adding, foreachgage space in thechain, thequantity s2/4g.

(-b) The critical net area An of the part is obtained
from that chain which gives the least net width.

(-c) In determining the net area across plug or slot
welds, the weldmetal shall not be considered as adding to
the net area.

(-d) The effective net area Ae of axially loaded
tension members, where the load is transmitted by
bolts through some but not all of the cross-sectional
elements of the member, shall be computed from the
following equation:

=A C Ae t n

Unless a larger coefficient can be justified by tests
orother recognizedcriteria, the followingvalues ofCt shall
be used in computations:

(-1) W,M,orS shapeswith flangewidthsnot less
than two-thirds of the depth, and structural tees cut from
these shapes, provided the connection is to the flanges and
has no fewer than three fasteners per line in the direction
of applied stress

=C 0.90t

(-2) W, M, or S shapes not meeting the condi-
tions of (-1), structural tees cut from these shapes, and
all other shapes, including built-up cross sections,
provided the connection has not less than three fasteners
per line in the direction of applied stress

=C 0.85t

(-3) all members whose connections have only
two fasteners per line in the direction of applied stress

=C 0.75t

When the load is transmitted by welds through
some but not all of the cross-sectional elements of the
member, the effective net area Ae shall be computed as

=A U Ae g

where

Ag = gross area of member, in.2 (mm2)

When load is transmitted by transverse welds to
somebut not all of the cross-sectional elements ofW,M, or
S shapes and structural tees cut from these shapes,Ae shall
be taken as the area of the directly connected elements.

When the load is transmitted to a plate by longi-
tudinal welds along both edges at the end of the plate, the
length of the welds shall not be less than the width of the
plate. The effective net areaAe shall be computed as above.
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Unless a larger coefficient can be justified by tests
or other criteria, the following values of U shall be used:
when l > 2w, U = 1.0; when 2w > l > 1.5w, U = 0.87; when
1.5w > l > w, U = 0.75

where

l = weld length, in. (mm)
w = plate width (distance between welds), in. (mm)

(-e) Bolted splice and gusset plates, and other
connection fittings subject to tensile force shall be
designed in accordance with the provisions of
NF-3322.1(a) where the effective net area shall be
taken as the actual net area, except that for the
purpose of design calculations it shall not be taken as
greater than 85% of the gross area.

(2) Size of Bolt Holes. In computing net area, the
diameter of a bolt hole shal l be taken as 1 ∕ 16
in. (1.5 mm) greater than the nominal dimension of
the hole normal to the direction of applied stress.

(3) Angles. For angles, the gross width shall be the
sum of the widths of the legs less the thickness. The gage
forholes inopposite legs shall be the sumof thegages from
the back of angles less the thickness.

(4) Pin-Connected Members
(-a) The available tensile strength of eyebars, as

shown in Figure NF-3322.8-1, shall be determined in
accordance with NF-3322.1(a), with the gross area
taken as the cross-sectional area of the body. For calcula-
tion purposes, the width of the body of the eyebars shall
not exceed 8 times its thickness. Eyebars shall be of
uniform thickness, without reinforcement at the pin
holes, and have circular heads with the periphery
concentric with the pin hole. The radius of transition
between the circular head and the eyebar body shall
not be less than the head diameter. The pin diameter
shall be not less than 7∕8 times the eyebar body width,
and the pin hole diameter shall be not more than 1∕32
in. (0.8 mm) greater than the pin diameter. For steels
having specified minimum yield stress greater than
70.0 ksi (485 MPa), the hole diameter shall not exceed
5 times the plate thickness, and the width of the
eyebar body shall be reduced accordingly. A thickness
of less than 1∕2 in. (13 mm) is permissible only if external
nuts areprovided to tightenpinplates and fillerplates into
snug contact. The width from the hole edge to the plate
edgeperpendicular to thedirectionof applied loadshall be
greater than two-thirdsand, for thepurposeof calculation,
not more than 3∕4 times the eyebar body width.
NOTE: Members having a different thickness at the pinhole loca-
tion are termed built-up.

(-b) In pin-connected plates other than eyebars, as
shown in FigureNF-3322.8-2 , the tensile stress on the net
effective area andon the gross section shall be determined
in accordance with NF-3322.1(a). The shear stress on the

minimumnet area beyond thepinhole shall not exceed the
stress allowed in NF-3322.1(b). The bearing stress on the
projected area of the pin shall not exceed the stress
allowed in NF-3322.1(f)(1).

(-c) The distance used in calculations, transverse
to the axis of pin‐connected plates other than eyebars or
any individual element of a built‐up member, from the
edge of the pinhole to the edge of the member or
element shall not exceed 2 times the thickness of the
plate plus 5∕8 in. (16 mm), but not more than the actual
distance from the edge of the pinhole to the edge of
the part measured in the direction normal to the
applied force. Members having a different thickness at
the pinhole location are termed “built-up.” The effective
net area in tension is 2 times the thickness of the member
times the calculated distance transverse to the axis of the
member from the edge of the pinhole to the edge of the
member. The effective net area in shear is 2 times the
thickness of the member times the shortest distance
from the center of the pin to the edge of the member
measured parallel to the direction of the force.

Figure NF-3322.8-1
Dimensional Requirements for Eyebars

b

b

dh + 2b

dh

d

R

w

GENERAL NOTE: Dimensional requirements for eyebars are as
follows:

b ≥ 2∕3w but ≤ 3∕4w (upper limit is for calculation purposes only)
d ≥ 7∕8w
dh ≤ d + 1∕32 in. (d + 0.8 mm), and if Sy> 70.0 ksi (485 MPa), then dh ≤ 5t
R ≥ dh+ 2b
t ≥ 1∕2 in. (13 mm) [Exception is provided in NF‐3322.8(c)(4)(‐a).]
w ≤ 8t (for calculation purposes only)
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(-d) In pin-connected plates other than eyebars,
the pinhole shall be located midway between the
edges of the member in the direction normal to the
applied force.When the pin is expected toprovide for rela-
tive movement between connected parts while under full
load, the diameter of the pinhole shall be not more than
1∕32 in. (0.8 mm) greater than the diameter of the pin. The
width of the plate at the pinhole, transverse to the axis of
the member, and the minimum extension beyond the
bearing end of the pinhole, parallel to the axis of the
member, shall not be less than that defined in
Figure NF-3322.8-2. The corners beyond the pinhole
may be cut at 45 deg to the axis of the member, provided
the net area beyond the pinhole, on a plane perpendicular
to the cut, is not less than that requiredbeyond thepinhole
parallel to the axis of the member.

NF-3322.9 Rectangular Tubular Sections. For electric
resistance welded rectangular tubular sections, the
designer shall use a wall thickness of 0.93 times the
nominal wall thickness for calculating section properties.

NF-3323 Design Requirements for Steel Castings
and Forgings

NF-3323.1 Allowable Stresses. Allowable stresses for
steel castings and forgings shall be the same as those
provided in NF-3322 with the applicable values for
yield strength of Section II, Part D, Subpart 1, Table Y-1.

NF-3324 Design Requirements for Connections
and Joints

NF-3324.1 General Requirements.

(a) Types of Connections Permitted. Structural Connec-
tions of a welded, bolted, or welded and bolted type shall
be used.
Types of bolted connections include

(1) Friction-type connections that are mechanically
fastened structural connections that use high-strength
bolts (such as SA-325 and SA-490) and are sufficiently
tightened to reliably produce a high clamping force
that prevents slip between faying surfaces. Load is trans-
ferred at the faying surfaces by friction [see Figure
NF-3324.1(a)(1)].

(2) Bearing-type connections that are mechanically
fastened structural connections that depend on direct
shear of the fastener to transfer the load from one
connected part to another.

(3) Other connections that arenot coveredby (1)and
(2), such as clamps and U-bolts shown in Figure
NF-1214-1, are not friction-type connections and shall
meet the requirements of NF-3380, unless otherwise indi-
cated in the design documents.

(b) Provision for Eccentric Connections.Axially stressed
members meeting at a point shall have their gravity axes
intersect at a point if practicable; if not, provision shall be
made for bending stresses due to the eccentricity.

(c) Placement of Bolts and Welds. Except as otherwise
provided, groups of bolts or welds at the ends of any
member transmitting axial stress into that member
shall have their centers of gravity on the gravity axis
of the member, unless provision is made for the effect
of the resulting eccentricity. Except in members
subject to repeated variation in stress, as stipulated in
NF-3330, disposition of fillet welds to balance the
forces about the neutral axes for end connections of
single angle, double angle, and similar type members is
not required. Eccentricity between the gravity axes of
such members and the gage lines for their bolted end
connections may be neglected in statically loaded
members, but should be considered inmembers subjected
to fatigue loading.

NF-3324.2 Connection Design.

(a) Connections for Unrestrained Members
(1) Except as otherwise indicated by the design

documents, connections of beams, girders, or trusses
shall bedesignedas flexible andmayordinarily bepropor-
tioned for the reaction shears only.

(2) Flexible beam connections shall accommodate
end rotations of unrestrained (simple) beams. To accom-
plish this, inelastic action in the connection is permitted.

(b) Connections for Restrained Members

Figure NF-3322.8-2
ð23Þ Dimensional Requirements for Pin‐Connected Plates

bb

a + d/2

dh

d

w

c

a

GENERAL NOTE: Dimensional requirements for pin-connected
plates are as follows:

a ≥ 1.33be, where be = 2t + 5∕8 in. (2t + 16 mm) ≤ b
c ≥ a
dh ≤ d + 1∕32 in. (d + 0.8 mm)
w ≥ 2be + d
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(1) Fasteners orwelds for end connections of beams,
girders, and trusses shall be designed for the combined
effect of forces resulting from moment and shear
induced by the rigidity of the connections.

(2) When flanges or moment connection plates for
end connections of beams and girders are welded to the
flange of an I- or H-shaped column, a pair of column web
stiffeners having a combined cross-sectional area Ast not
less than that computed from eq. (57) shall be provided
whenever the calculated value of Ast is positive

=
+

A
P F t t k

F

( 5 )
st

bf yc b

yst
(57)

(3) Notwithstanding the requirements of (2), a stif-
fener or a pair of stiffeners shall be provided opposite the
compression flange when the column web depth clear of
fillets dc is greater than

(U.S. Customary Units)

×t F

P

4,100 yc

bf

3

(SI Units)

×t F

P

10 765 yc

bf

3

and a pair of stiffeners shall be provided opposite the
tension flangewhen the thickness of the column flange tf is
less than

( )P F0.4 bf yc

(4) Stiffeners required by the provisions of (2) and
(3) shall comply with the following criteria:

(-a) The width of each stiffener plus one-half the
thickness of the column web shall not be less than one-
third the width of the flange or moment connection plate
delivering the concentrated force.

(-b) The thickness of stiffeners shall not be less
than tb/2.

(-c) When the concentrated force delivered occurs
on only one column flange, the stiffener length need not
exceed one-half the column depth.

(-d) Theweld joining stiffeners to the columnweb
shall be sized to carry the force in the stiffener caused by
unbalanced moments on opposite sides of the column.

(5) The thickness of column webs within the bound-
aries of rigid connections of two ormoremembers whose
webs lie in a common plane shall not be less than

(U.S. Customary Units)

=t M
d d S

32

b c y
min

(SI Units)

=t M
d d S

2 666

b c y
min

where

db = the beam depth, in. (mm)
dc = the column depth, in. (mm)
M = the algebraic sum of clockwise and counterclock-

wise moments, kip-ft (N·mm), applied on oppo-
site sides of the connection boundary

tmin = the web thickness, in. (mm)

When the web thickness is less than tmin doubler
plates or longitudinal stiffeners may be provided to rein-
force the column web.

Figure NF-3324.1(a)(1)
Typical Friction‐Type Connections Using High-Strength Bolts

Legend:
F = friction force
P = applied load
T = clamping force
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(c) Connections of Tension and Compression Members in
Trusses. The connections at ends of the tension or
compression member in trusses shall develop the force
due to the Design Load but not less than 50% of the effec-
tive strength of themember, based upon the kind of stress
that governs the selection of the member.

(d) Connections for Compression Members With Bearing
Joints

(1) For members subjected to compression forces
only, which bear on bearing plates, sufficient bolts or
welds shall be provided to hold all parts securely in place.

(2) For members subjected to compression forces
only, which are finished to bear at splices, the splicemate-
rial and its bolting or welding shall be arranged to hold all
parts in line and shall be proportioned for 50% of the
computed stress.

(3) All of the foregoing joints shall beproportioned to
resist any tension that would be developed by design
moments acting in conjunction with 75% of the axial
compression forces.

NF-3324.3 Design of Lap Joints and Fillers.

(a) Lap Joint Design.Theminimumamount of lap on lap
joints shall be five times the thickness of the thinner part
joined but not less than 1 in. (25mm). Lap joints subjected
to axial stress shall be fillet welded along the end of both
lapped parts, except where the deflection of the lapped
parts is sufficiently restrained to prevent opening of
the joint under maximum loading.

(b) Filler Design
(1) Bolted Construction. When bolts carrying

computed stress pass through fillers thicker than 1∕4
in. (6 mm), except in friction-type connections assembled
with high-strength bolts, the fillers shall be extended
beyond the splice material and the filler extension
shall be secured by enough bolts to distribute the total
stress in the member uniformly over the combined
section of the member and the filler or an equivalent
number of fasteners shall be included in the connection.
Fillers between 1∕4 in. (6 mm) and 3∕4 in. (19 mm) thick,
inclusive, need not be extended and developed, provided
the allowable shear stress in the bolts is reduced by the
factor, 0.4 (t− 0.25) [for SI units, use 0.016 (t− 6)], where t
is the total thickness of the fillers, up to 3∕4 in. (19 mm).

(2) Welded Construction. Inwelded construction, any
filler 1∕4 in. (6 mm) or more in thickness shall extend
beyond the edges of the splice plate and shall be
welded to the part on which it is fitted with sufficient
weld to transmit the splice plate stress, applied at the
surface of the filler as an eccentric load. The welds
joining the splice plate to the filler shall be sufficient
to transmit the splice plate stress and shall be long
enough to avoid overstressing the filler along the toe
of the weld. Any filler less than 1∕4 in. (6 mm) thick
shall have its edges made flush with the edges of the
splice plate, and the weld size shall be the sum of the

size necessary to carry the splice plate stress plus the
thickness of the filler plate.

NF-3324.4 Joint Combinations.

(a) Combinations of Welds. If twoormore of the general
typesofweld (groove, fillet, plug, or slot) arecombined ina
single joint, the effective capacity of each shall be sepa-
rately computedwith reference to the axis of the group, in
order to determine the allowable capacity of the combina-
tion.

(b) Bolts in Combination With Welds. SA-307 bolts or
high-strength bolts used in bearing-type connections
shall not be considered as sharing the stress in combina-
tion with welds. Welds, if used, shall be provided to carry
the entire stress in the connection. High-strength bolts
installed as a friction-type connection prior to welding
may be considered as sharing the stress with the welds.

NF-3324.5 Design of Welded Joints.

(a) Permissible Types of Welded Joints in Linear
Supports. All welded joints in Linear Supports shall be
as described in NF-3256.1 except that intermittent or
lap joints using fillet welds may not be used for the
support of Class 1 Components or Class 2 vessels designed
to NCD-3200. The allowable stress limits shall be as
defined in (b) and (c).

(b) Design Limits. The allowable stress limits that must
be satisfied for welds for Design Loadings stated in the
Design Specification shall be as follows:

(1) Full Penetration Groove Welds. The stress limits
for full penetration groove welds shall not exceed the ap-
plicable stress value for the base metal being joined, as
specified in NF-3321.1 and Table NF-3324.5(a)-1.

(2) Partial Penetration Groove Welds
(-a) Compression Normal to Effective Throat. The

stress limits shall be the same as those for the base metal,
as required by NF-3321.1.

(-b) Tension Normal to the Axis on the Effective
Throat or Shear on the Effective Throat. The stress
limits shall be as specified in Table NF-3324.5(a)-1.

(3) Fillet Welds. The allowable stress limits for fillet
welds shall be as specified in Table NF-3324.5(a)-1.

(c) Service Limits, Level A Through D, and Test.The rules
and stress limits whichmust be satisfied for welds for any
Level A through D Service and Test Loading stated in the
Design Specification are those given in (b) multiplied by
the appropriate base material stress limit factor given in
Table NF-3312.1(b)-1.

(d) Fillet Welds
(1) Minimum Size of Fillet Welds and Partial Penetra-

tion Welds.Fillet andpartial penetrationwelds shall not be
specified less than 1∕8 in. (3mm) (NF-4427). When fillet or
partial penetration welds less than 1∕4 in. (6 mm) are used
to join heavy sectionmembers, the designer shall consider
specifying preheat and special requirements for fit-up of
members to ensure adequate weld deposition.
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(2) Maximum Effective Size of Fillet Welds. The
maximum size of a fillet weld that may be assumed in
the design of a connection shall be such that the stresses
in the adjacent base material do not exceed the values
allowed in Tables NF-3324.5(a)-1 and NF-3321.1. The
maximum size that may be used along edges of connected
parts shall be as stipulated in (-a) and (-b)

(-a) along edges ofmaterial less than 1∕4 in. (6mm)
thick, the maximum size may be equal to the thickness of
the material

(-b) along edges of material 1∕4 in. (6 mm) or more
in thickness, the maximum size shall be 1∕16 in. (1.5 mm)
less than the thickness of the material, unless the weld is
especially designated on the drawings to be built up to
obtain full throat thickness

(3) Length of Fillet Welds
(-a) The effective length of a fillet weld shall be the

overall length of a full-size fillet, including returns.
(-b) The minimum effective length of a strength

fillet weld shall be not less than four times the
nominal size, or else the size of the weld shall be consid-
ered not to exceed one-fourth of its effective length.

(-c) If longitudinal fillet welds are used alone in
end connections of tension members, the length of
each fillet weld shall be not less than the perpendicular
distance between them. The transverse spacing of longi-
tudinal fillet welds used in end connections shall not
exceed 8 in. (200 mm), unless the design otherwise
prevents excessive transverse bending in the connection.

(4) Effective Throat Thickness of Fillet Welds. The
effective throat thickness of a fillet weld joining
members at angles between 60 deg and 135 deg, inclusive

(see Figure NF-4427-1), shall be the shortest distance
from the root to the face of the diagrammatic weld,
except that for fillet welds made by the submerged arc
process the effective throat thickness shall be taken
equal to the leg size for 3∕8 in. (10 mm) and smaller
fillet welds, and equal to the theoretical throat plus
0.11 in. (2.8 mm) for fillet welds over 3∕8 in. (10 mm).
For fillet welds joining members at angles less than 60
deg use the rules for partial penetration groove welds,
(f)(3).

(5) Effective Area of Fillet Welds. The effective area of
fillet welds shall be considered as the effective length of
the weld times the effective throat thickness.

(6) Effective Area of Fillet Welds in Holes and Slots.
The effective area of fillet welds in holes and slots
shall be computed as specified in (5) for fillet welds
using for effective length the length of centerline of the
weld through the center of the plane through the
throat.However, in the caseof overlapping fillets theeffec-
tive area shall not exceed the nominal cross-sectional area
of the hole or slot in the plane of the faying surface.

(7) Intermittent Fillet Welds. Intermittent filletwelds
may be used to transfer calculated stresses across a joint
or faying surface, when the strength required is less than
that developed by a continuous fillet weld of the smallest
permitted size, and to join elements of built-up members.
The effective length of any segment of intermittent fillet
welding shall not be less than four times theweld sizewith
a minimum of 11∕2 in. (38 mm).

(8) End Returns to Fillet Welds. Side or end fillet
welds terminating at ends or sides, respectively, of
parts or members shall, when required by the designer,

Table NF-3324.5(a)-1
Allowable Stress Limits for Class 1 Linear‐Type Support Welds

Kind of Stress
Base Metal TS Range,

ksi (MPa)
Weld Metal Min. TS,
ksi (MPa) [Note (1)] Stress Limits, ksi (MPa)

Tension and compression parallel to axis of
any full penetration groove weld

… … Same as for base metal

Tension normal to effective throat of full
penetration groove weld

… … Same as allowable tensile stress for
base metal

Compression normal to effective throat of full
penetration groove weld and partial
penetration groove weld

… … Same as allowable compressive stress
for base metal

Shear stress on effective throat of fillet weld,
regardless of direction of application of
load; tension normal to the axis on the
effective throat of a partial penetration
groove weld; shear on the partial or full
penetration groove weld effective throat;
andshearstressoneffectiveareaof aplugor
slotweld. The given stresses shall also apply
to such welds made with the specified
electrode on steel having a yield stress
greater than that of the matching base
metal.

45–60 (310–410) 60 (410) 0.30 × minimum tensile strength of
weld metal [ksi (MPa)], except shear
stress on basemetal shall not exceed
0.40 × yield stress of base metal

61–70 (411–480) 70 (480)
71–80 (481–550) 80 (550)
81–90 (551–620) 90 (620)
91–100 (621–690) 100 (690)
101–120 (691–830) 120 (830)

NOTE: (1) Weld metal one nominal strength level stronger than shown will be permitted (e.g., E70xx for E60xx applications).
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be returned continuously around the corners for a
distance not less than twice the nominal size of the
weld. This provision shall apply to side and top fillet
welds connecting brackets, beam seats, and similar
connections, on the plane about which bending
moments are computed. For framing angles and simple
end-plate connections which depend upon flexibility of
the outstanding legs for connection flexibility, end
returns shall not exceed four times the nominal size of
the weld. Fillet welds which occur on opposite sides of
a common plane shall be interrupted at the corner
common to both welds. End returns, when required by
the designer, shall be indicated on the drawings.

(9) Fillet Welds in Holes and Slots.Filletwelds inholes
or slots may be used to transmit shear in lap joints or to
prevent the buckling or separation of lapped parts and to
join elements of built-up members. Such fillet welds may
overlap, subject to the provisions of (6). Fillet welds in
holes or slots are not to be considered plug or slot welds.

(e) Plug and Slot Welds
(1) Use of Plug and Slot Welds. Plug and slot welds

may be used to transmit shear in a lap joint or to prevent
buckling of lapped parts and to join component parts of
built-up members.

(2) Diameter of Holes for Plug Welds. The diameter of
the holes for a plug weld shall be not less than the thick-
ness of the part containing it plus 5∕16 in. (8 mm), rounded
to the next greater odd 1∕16 in. (1.5 mm), nor greater than
theminimumdiameter plus 1∕8 in. (3mm) or 21∕4 times the
thickness of the weld metal.

(3) Spacing of Plug Welds. The minimum center-to-
center spacing of plug welds shall be four times the
diameter of the hole.

(4) Length of Slot Welds. The length of slot for a slot
weld shall not exceed 10 times the thickness of the weld.
Thewidth of the slot shall be not less than the thickness of
the part containing it plus 5∕16 in. (8 mm), rounded to the
next greater odd 1∕16 in. (1.5 mm), nor shall it be greater
than 21∕4 times the thickness of the weld. The ends of the
slot shall be semicircular or shall have the corners
rounded to a radius not less than the thickness of the
part containing it, except for those ends which extend
to the edge of the part.

(5) Spacing of Slot Welds. The minimum spacing of
lines of slot welds in a direction transverse to their length
shall be four times the width of the slot. The minimum
center to center spacing in a longitudinal direction on
any line shall be two times the length of the slot.

(6) Thickness of Plug and Slot Welds. The thickness of
plug and slot welds in material 5∕8 in. (16 mm) or less in
thickness shall be equal to the thickness of thematerial. In
material over 5∕8 in. (16mm) in thickness, it shall be at least
one-half the thickness of the material but not less than 5∕8
in. (16 mm).

(7) Effective Shearing Area of Plug and Slot Welds.The
effective shearing area of plug and slot welds shall be
considered as the nominal cross-sectional area of the
hole or slot in the plane of the faying surface.

(f) Full Penetration and Partial Penetration Joints. The
effective area shall be the effective weld length multiplied
by the effective throat thickness.

(1) The effective weld length for any groove weld,
square or skewed, shall be the length of weld throughout
which the correct proportioned cross section exists. In a
curved weld it shall be its true length measured along its
curvature.

(2) The effective throat thickness of a full penetra-
tion grooveweldwhich shall conform to the requirements
of Article NF-4000 shall be the thickness of the thinner
part joined. No increase is permitted for weld reinforce-
ment.

(3) The effective throat of partial penetration groove
welds is dependent upon the type of groove.

(-a) For square, U, and J groovewelds, the effective
throat is equal to the depth of preparations.

(-b) ForVandbevel grooveweldswithan included
angle at the root equal to or greater than 60 deg, the effec-
tive throat shall be theminimumdistance from the root to
the face of the weld.

(-c) ForVandbevel grooveweldswith an included
angle at the root less than 60 deg but equal to or greater
than 45 deg, the effective throat shall be the minimum
distance from the root to the face of the weld less 1∕8
in. (3 mm).

(-d) For V and bevel groove welds, with an
included angle at the root less than 45 deg but equal
to or greater than 30 deg, the effective throat shall be
the minimum distance from the root to the face of the
weld less 1∕8 in. (3 mm) and multiplied by 0.75. The
requiredeffective throatmustbe specifiedon thedrawing.

(-e) For V and bevel groovewelds, angles less than
30 deg at the root are not allowed.

(-f) For flare bevel groove welds, when filled flush
to the surface, the effective throat shall be 0.31 times the
outside radius of the curved section forming the groove.
For formed rectangular tubing, the outside radius may be
considered as two times the wall thickness.

(-g) For flare V groove welds, when filled flush to
the surface, the effective throat shall be 0.5 [except use
0.375 for GMAW when R ≥ 1∕2 in. (13 mm)] times the
outside radius.

(g) Consideration of Lamellar Tearing. Welded joint
configurations causing significant through-thickness
tensile stress [as defined in NF-1215(b)] during fabrica-
tion and/or service on rolled product forms should be
avoided. However, if this type of construction is used,
the designer should consider one or several of the
following factors that may reduce the susceptibility of
the joint to experience lamellar tearing and provide
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documentation, including fabrication requirements, in the
Design Output Documents:

(1) Reduce volume of weld metal to the extent prac-
tical.

(2) Select materials that are resistant to lamellar
tearing.

(3) Invoke any of the special fabrication require-
ments of NF-4441.

NF-3324.6ð23Þ DesignRequirements forBolted Joints.The
rules and stress limits for bolting shall be as given in this
paragraph. The stress limits which must be satisfied for
anyDesign, LevelsA throughD, andTest Loadings, shall be
those given in this paragraph, multiplied by the appro-
priate stress limit factors given in Table NF-3225.2-1
for the particular Loading specified in the Design Speci-
fication [NCA-3211.19(b)]. Table NF-3225.2-1 establishes
additional stress limits based on the yield and tensile
strength of the material at temperature.

(a) Allowable Stresses. Allowable tensile, shearing, and
bearing stresses in bolts and threaded parts shall be as
given in the paragraphs below. All allowables are
expressed in ksi (MPa) acting on the actual bolt area avail-
able in the shear planes of the connected parts. All are
expressed in terms of the ultimate tensile strength at
temperature (Section II, Part D, Subpart 1, Table U).
The shear capacity of bolts is directly proportional to
the shear areaavailable in the shearplanes. Shear strength
is unaffected by shear plane location.

(1) Tensile Stress Only. Bolts loaded in direct tension
shall be so proportioned that their average tensile stress
Ftb, computed on the basis of the actual tensile stress area
available (independent of any initial tightening force),
shall not exceed

For ferritic steels

=F
S
2tb
u

For austenitic or duplex stainless steels

=F
S0.75

2tb
u

For precipitation-hardened stainless steels

=F
S0.75

2.25tb
u

The applied load shall be the sum of the external load
and any tension resulting from prying action produced by
deformation of the connected parts.

(2) Shearing Stress Only
(-a) Bearing-Type Joints

(-1) Threads Excluded From Shear Planes. The
allowable shear Fvb in bolts and threaded parts loaded
in direct shear, expressed in ksi (MPa) of actual shear
stress area available (applicable to the total nominal
bolt area in the shear planes in this case), shall not exceed

For ferritic steels

=F
S0.62

3vb
u

For austenitic or duplex stainless steels

=F
S0.55

2vb
u

For precipitation-hardened stainless steels

=F
S0.55

2.25vb
u

(-2) Threads Not Excluded From Shear Planes.
The allowable shear stress Fvb in bolts and threaded
parts loaded in direct shear, expressed in ksi (MPa) of
actual shear stress area available (applicable to the
total bolt root area in the shear planes in this case),
shall not exceed

For ferritic steels

=F
S0.62

3vb
u

For austenitic or duplex stainless steels

=F
S0.45

2vb
u

For precipitation-hardened stainless steels

=F
S0.45

2.25vb
u

(3) Combined Tensile and Shear Stresses
(-a) Bearing-Type Joints. Bolts subjected to

combined shear and tension shall be so proportioned
that either the shear or the tensile stress, ksi (MPa) of
actual cross-sectional area, shall not exceed the value
derived from the ellipse equation below when the corre-
sponding computed tensile or shearing stress is substi-
tuted

+ =
f

F

f

F
1t

tb

v

vb

2

2

2

2
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The allowable tensile and shear stress values shall
be those derived from the equations given in (1) and (2).

(-b) Friction-Type Joints. A bolt in a connection
designed as a friction-type joint is not subjected to
shear (provided the joint does not slip into bearing); it
experiences tension only. Friction-type joints shall be
designed as given in (4).

(4) Slip Resistance — Friction-Type Joints. The
maximum slip resistance to which a friction-type joint
maybedesignedshall not exceed thevalueofPs, calculated
in the following equation [see Table NF-3324.6(a)(4)-1]:

=P mnT ks i s

If the joint clamping force will be reduced by any
direct tension load on the joint, the Ti value shall be
reduced by an equivalent amount before substituting
in the above equation. SA-307 and austenitic stainless
steel bolting shall not be used for friction-type joints.

(5) Bearing Stress. Allowable bearing stress on the
projected area of bolts in bearing-type connections
shall be

=F
LS

d
S

2
1.5p

u
u

For Level C and Level D Loadings, the allowable
bearing stress on the projected area of bolts in
bearing-type connections may be increased to

=F
LS

d
S

2
2.1p

u
u

(b) Minimum Edge Distance
(1) Minimum Edge Distance in Line of Load. In both

bearing- and friction-type joints the minimum distance
from the center of the end bolt in a connection to that
edge of the connected part toward which the load is
directed shall be determined in accordance with either
(-a) or (-b).

(-a) The edge distance shall satisfy all of the
following:

(-1) L/d ≥ 0.5 + 1.43 (fp/Su)
(-2) L/d ≥ 1.2
(-3) fp/Su ≤ 1.5

where

fp = P/dt

(-b) The edge distance shall be as shown in
Table NF-3324.6(b)(1)-1.

(2) Minimum Edge Distance in Line of Load for Level C
and Level D. For Level C and Level D Loadings, the edge
distance shall satisfy all of the following:

(-a) L/d ≥ 0.5 + 1.2(fp/Su)
(-b) L/d ≥ 1.2
(-c) fp/Su ≤ 2.1

(c) Maximum Edge Distance. The maximum distance
from the center of any rivet or bolt to the nearest edge
of parts in contact shall be 12 times the thickness of
the connected part under consideration, but shall not
exceed 6 in. (150 mm). Bolted joints in unpainted steel
exposed to atmospheric corrosion require special limita-
tions on pitch and edge distance.
For unpainted, built-up members made of weathering

steel which will be exposed to atmospheric corrosion, the
spacingof fasteners connecting aplate anda shapeor two-
plate components in contact shall not exceed 14 times the
thickness of the thinnest part nor 7 in. (175 mm), and the
maximum edge distance shall not exceed eight times the
thickness of the thinnest part, or 5 in. (125 mm).

(d) Minimum Spacing. The distance between centers of
standard, oversized, or slotted fastener holes shall be not
less than three times the nominal diameter of the bolt.
Along a line of transmitted force, the distance between
centers of holes shall be not less than the following:

+P S t dStandard Holes: 2 2u

(e) Effective Bearing Area. The effective bearing area of
bolts shall be the diameter multiplied by the length in
bearing, except that for countersunk bolts one-half the
depth of the countersink shall be deducted.

(f) Long Grips. SA-307 bolts, which carry calculated
stress and the grip of which exceeds five diameters,
shall have their number increased 1% for each additional
1∕16 in. (1.5 mm) in the grip.

(g) Anchor Bolts. Anchor bolts shall be designed to
provide resistance to all conditions of tension and
shear at the bases of columns, including the net tensile
components of any bending moments which may
result from fixation or partial fixation of columns.

NF-3324.7 Design Requirements for Column Bases.
Proper provision shall be made to transfer the column
loads andmoments, if any, to the footings and foundations.

Table NF-3324.6(a)(4)-1
Effective Slip Coefficient Versus Surface Condition

Surface Condition

Slip
Coefficient,

ks
Clean mill scale 0.25
Grit‐blasted carbon and low alloy high‐strength
steel

0.41

Grit‐blasted, heat‐treated steel 0.25
Hot dip galvanized wire, brushed, scored, or blasted 0.31
Blast cleaned, zinc rich paint 0.31
Blast cleaned, zinc silicate paint 0.45
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NF-3330 HIGH CYCLE FATIGUE DESIGN FOR
CLASS 1

NF-3331 Introduction

NF-3331.1 Scope. Members and their connections,
subject to a number of cycles (>20,000) of fatigue
loading resulting in damage as defined in NF-3331.2,
shall be proportioned to satisfy the stress range limita-
tions provided therein.

NF-3331.2 Definitions. High cycle fatigue, as used in
this subsubarticle, is defined as the damage that may
result in fracture after a sufficient number of fluctuations
of stress. Stress range is defined as the numerical sum of
maximum repeated tensile and compressive stresses or
the sum of maximum shearing stresses of opposite direc-
tion at a given point, resulting from differing arrange-
ments of live load.

NF-3332 Design Requirements

NF-3332.1 Design Considerations. In the design of
members and connections subject to repeated variation
of live load stress, consideration shall be given to the
number of stress cycles, the expected range of stress,
and the type and location of member or detail.

NF-3332.2 Classification of Loading Conditions.
Loading conditions shall be classified as shown in
Table NF-3332.2-1.

NF-3332.3 Stress Categories. Stress categories for use
in establishing the maximum range of stress in relation to
the type ofmember or part, material, and location shall be
as stipulated in Table NF-3332.3-1. For illustrations of the
members and parts, see Figure NF-3332.3-1.

NF-3332.4 Allowable Stresses. The maximum stress
shall not exceed the basic allowable stress permitted
by NF-3322 and the maximum range of stress shall not
exceed that given in Table NF-3332.4-1.

NF-3332.5 Provisions for Mechanical Fasteners.
Range in tensile stress in properly tightened ASTM
A325 or ASTM A490 bolts need not be considered, but
the maximum computed stress, including prying action,
shall not exceed the values given in NF-3332.4 subject
to the following stipulations:

(a) Connections subject tomore than20,000cycles, but
not more than 500,000 cycles of direct tension may be
designed for the stress produced by the sum of applied
and prying loads if the prying load does not exceed
10% of the externally applied load. If the prying force
exceeds 10%, the allowable tensile stress given in
NF-3324.6(a)(1) shall be reduced 40%, applicable to
the external load alone.

(b) Connections subject tomore than 500,000 cycles of
direct tensionmay be designed for the stress produced by
the sumof applied and prying loads if the prying load does
not exceed 5% of the externally applied load. If the prying
force exceeds 5%, the allowable tensile stress given in
NF-3324.6(a)(1) shall be reduced 50%, applicable to
the external load alone. The use of other bolts and
threaded parts subject to tensile fatigue loading is not rec-
ommended. Bolts and threaded parts subjected to cyclic
loading in shear may be designed for the bearing-type
shear stresses given in NF-3324.6(a)(2) insofar as the
fatigue strength of the fasteners is concerned.

NF-3340 LIMIT ANALYSIS DESIGN FOR CLASS 1

NF-3341 Introduction
NF-3341.1 Scope.

(a) Subject to the limitation of this subsubarticle,
simple or continuous beams, rigid frames, and similar
portions of structures rigidly constructed so as to be
continuous over at least one interior support may be
proportioned on the basis of plastic design, namely, on
the basis of the lower bound collapse load. This strength,
as determined by rational analysis, shall not be less than
that required to support a factored load equal to 1.7 times
those of the Level A and Level B Service Limits, 1.3 times
that of the Level C Service Limits, or 1.1 times that of the
Level D Service Limits. For Service Level D, the lower
bound collapse load may be determined using a yield
stress in the analysis that is the greater of 1.2Sy and
1.5Sm, but not larger than 0.7Su.

Table NF-3324.6(b)(1)-1
Minimum Edge Distances From Center of Standard Hole

Bolt Diameter,
in. (mm)

Minimum Edge Distance for
Punched, Reamed, or Drilled

Holes, in. (mm)
[Notes (1), (2)]

1∕2 (13) 3∕4 (19)
5∕8 (16) 7∕8 (22)
3∕4 (19) 1 (25)
7∕8 (22) 11∕8 (29)
1 (25) 11∕4 (32)

11∕8 (29) 11∕2 (38)
11∕4 (32) 15∕8 (41)
>11∕4 (32) 11∕4 × diameter

NOTES:
(1) All edge distances in this column may be reduced 1∕8 in. (3 mm)

when the hole is at the pointwhere stress does not exceed 25%of
the maximum allowed stress in the element.

(2) For oversized bolt holes as defined in NF-4721(b)(1), minimum
edge distance shall be increased by 1∕16 in. (1.5 mm) for bolt
diameters below 1 in. (25 mm), and 1∕8 in. (3 mm) for bolt
diameters 1 in. (25 mm) and greater.

BPVC.III.1.NF-2023

76
ASMENORMDOC.C

OM : C
lick

 to
 vi

ew
 th

e f
ull

 PDF of
 ASME BPVC.III

.1.
NF (A

SME BPVC Sec
tio

n 3
 D

ivis
ion

 1 
NF) 2

02
3

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NF (ASME BPVC Section 3 Division 1 NF) 2023.pdf


NOTE: As used here, interior supportmay be taken to include a
rigid frameknee formedby the junctionof a columnandasloping
or horizontal beam or girder.

(b) Connections joining a portion of a structure
designed on the basis of plastic behavior with a
portion not so designed need be no more rigid than
ordinary seat and cap angle or ordinary web connections.

(c) When plastic design is used as the basis for propor-
tioning continuous beams and structural frames, the
provisions relating to allowable working stress contained
in NF-3320 are waived. Except as modified by these rules,
all other provisions of NF-3320 shall govern.

NF-3342 Design Requirements
NF-3342.1 General Design Requirements.

(a) Shear. Unless reinforced by diagonal stiffeners or a
doubler plate, the webs of columns, beams, and girders,
including areas within the boundaries of the connections,
shall be so proportioned that

V S td0.555u y (1)

where Vu is the shear, kips (N), that would be produced by
the required factored loading.

(b) Combined Loads. When the interaction method of
calculation (Section III Appendices, Nonmandatory
Appendix A, Article A-9000) is used, members shall be
so proportioned that the interaction of factored loads
at a section shall satisfy the interaction equations of
Section III Appendices, Nonmandatory Appendix A,
Table A-9210(d)-1, except that columns subjected to
combined bending and compression shall be governed
by the requirements of NF-3342.2(b)(3).

(c) Depth–Thickness Ratio of Webs. The depth–thick-
ness ratio of webs of members subjected to plastic
bending shall not exceed the value given by eqs. (2)
and (3), as applicable

(U.S. Customary Units)
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(d) Web Crippling. Web stiffeners are required on a
member at a point of load application where a plastic
hinge would form. At points on a member where the
concentrated load delivered by the flanges of a
member framing into it would produce web crippling
opposite the compression flange or high tensile stress
in the tension flange, web stiffeners are required in accor-
dance with the provisions of NF-3324.2(b).

(e) Width–Thickness Ratios of Flanges
(1) Thewidth–thickness ratio for flanges of rolledW

shapes and similar built-up single web shapes that would
be subjected to compression involving hinge rotation
under ultimate loading shall not exceed the following
values:

Table NF-3332.2-1
Classification of Loading Conditions

Loading Condition
Number of Loading Cycles

From To
1 20,000 [Note (1)] 100,000 [Note (2)]
2 100,000 500,000 [Note (3)]
3 500,000 2,000,000 [Note (4)]
4 >2,000,000

NOTES:
(1) Approximately equivalent to two applications everyday for 25yr.
(2) Approximately equivalent to ten applications every day for 25 yr.
(3) Approximately equivalent to 50 applications every day for 25 yr.
(4) Approximately equivalent to 200applications everyday for25yr.
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Table NF-3332.3-1
ð23Þ Stress Categories

Situation

Kind of
Stress

[Note (1)]
Stress Category (See
Table NF-3332.4-1)

Illustrative Example
[Note (2)] Sketch Nos.

(See Figure NF-3332.3-1)
General Condition — Plain material
Base metal with rolled or cleaned surfaces T or Rev. A (1), (2)
General Condition — Built-up members
Base metal and weld metal in members, without attachments, built
up plates or shapes connected by continuous full or partial
penetration groove welds, or continuous fillet welds parallel to
the direction of applied stress

T or Rev. B (3) through (6)

Base metal in members without attachments, built‐up plates or
shapes connected by continuous full‐penetration groovewelds or
by continuous fillet welds parallel to the direction of applied
stress

T or Rev. B′ (3) through (6)

Calculated flexural stress, fb, in base metal at toe of welds on girder
webs or flanges adjacent to welded transverse stiffeners

T or Rev. C (7)

Base metal at ends of partial length welded cover plates narrower
than the flange having square or tapered ends, with or without
welds across the ends or wider than flange with welds across the
ends

Flange thickness ≤ 0.8 in. (20 mm) T or Rev. E (5)
Flange thickness > 0.8 in. (20 mm) T or Rev. E′ (5)
Base metal at end of partial length welded cover plates wider than
the flange without welds across the ends

T or Rev. E′ (5)

General Condition — Mechanically fastened connections
Base metal at gross section of high‐strength bolted slip‐critical
connections, except axially loaded joints which induce out‐of‐
plane bending in connected material

T or Rev. B (8)

Base metal at net section of other mechanically fastened joints
[Note (3)]

T or Rev. D (8), (9)

Base metal at net section of fully tensioned high‐strength, bolted‐
bearing connections

T or Rev. B (8), (9)

General Condition — Fillet welded connections
Base metal at intermittent fillet welds T or Rev. E …
Basemetal at junction of axially loadedmembers with fillet‐welded
end connections. Welds shall be disposed about the axis of the
member so as to balance weld stresses

b ≤ 1 in. (25 mm) T or Rev. E (17), (18)
b > 1 in. (25 mm) T or Rev. E′ (17), (18)

Base metal at members connected with transverse fillet welds
b ≤ 1∕2 in. (13 mm) T or Rev. C [Note (4)]

(20), (21)
b > 1∕2 in. (13 mm) (20), (21)

General Condition — Fillet welds
Weldmetal of continuous or intermittent longitudinal or transverse
fillet welds

S F [Note (4)] (15), (17), (18), (20), (21)

General Condition — Groove welds
Basemetal andweldmetal at full penetration groovewelded splices
of parts of similar cross section ground flush, with grinding in the
direction of applied stress and with weld soundness established
by radiographic or ultrasonic inspection in accordance with the
requirements of NF-5320 or NF-5330.

T or Rev. B (10)
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Table NF-3332.3-1
Stress Categories (Cont’d)

Situation

Kind of
Stress

[Note (1)]
Stress Category (See
Table NF-3332.4-1)

Illustrative Example
[Note (2)] Sketch Nos.

(See Figure NF-3332.3-1)
General Condition — Groove welds (Cont’d)
Basemetal andweldmetal at full penetration groovewelded splices
at transitions inwidth or thickness, withwelds ground to provide
slopes no steeper than 1 to 21∕2, with grinding in the direction of
applied stress, and with weld soundness established by
radiographic or ultrasonic inspection in accordance with the
requirements of NF-5320 or NF-5330

T or Rev. B (12), (13)

Basemetal andweldmetal at full penetrationgroovewelded splices,
with orwithout transitions having slopes no greater than1 to 21∕2,
when reinforcement is not removed and with weld soundness
established by radiographic or ultrasonic inspection in
accordance with the requirements of NF-5320 or NF-5330

T or Rev. C (10) through (13)

General Condition — Partial penetration groove welds
Weldmetal of partial penetration transverse groovewelds, basedon
effective throat area of the weld or welds

T or Rev. F [Note (4)] (16)

General Condition — Plug or slot welds
Base metal at plug or slot welds T or Rev. E (27)
Shear on plug or slot welds S F (27)
General Condition — Attachments
Base metal at details attached by full‐penetration groove welds
subject to longitudinal and/or transverse loadingwhen the detail
embodies a transition radius Rwith theweld termination ground
smooth and for transverse loading, the weld soundness
established by radiographic or ultrasonic inspection in
accordance with NF-5320 or NF-5330
Longitudinal loading
R > 24 in. (600 mm) T or Rev. B (14)
24 in. (600 mm) > R > 6 in. (150 mm) T or Rev. C (14)
6 in. (150 mm) > R > 2 in. (50 mm) T or Rev. D (14)
2 in. (50 mm) > R T or Rev. E (14)
Detail base metal for transverse loading: equal thickness and
reinforcement removed

R > 24 in. (600 mm) T or Rev. B (14)
24 in. (600 mm) > R > 6 in. (150 mm) T or Rev. C (14)
6 in. (150 mm) > R > 2 in. (50 mm) T or Rev. D (14)
2 in. (50 mm) > R T or Rev. E (14), (15)
Detail base metal for transverse loading: equal thickness and
reinforcement not removed

R > 24 in. (600 mm) T or Rev. C (14)
24 in. (600 mm) > R > 6 in. (150 mm) T or Rev. C (14)
6 in. (150 mm) > R > 2 in. (50 mm) T or Rev. D (14)
2 in. (50 mm) > R T or Rev. E (14), (15)
Detail basemetal for transverse loading: unequal thickness and
reinforcement removed

R > 2 in. (50 mm) T or Rev. D (14)
2 in. (50 mm) > R T or Rev. E (14), (15)
Detail basemetal for transverse loading: unequal thickness and
reinforcement not removed

all R T or Rev. E (14), (15)
Detail base metal for transverse loading
R > 6 in. (150 mm) T or Rev. C (19)
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Table NF-3332.3-1
Stress Categories (Cont’d)

Situation

Kind of
Stress

[Note (1)]
Stress Category (See
Table NF-3332.4-1)

Illustrative Example
[Note (2)] Sketch Nos.

(See Figure NF-3332.3-1)
General Condition — Attachments (Cont’d)

6 in. (150 mm) > R > 2 in. (50 mm) T or Rev. D (19)
2 in. (50 mm) > R T or Rev. E (19)

Base metal at detail attached by full‐penetration groove welds
subject to longitudinal loading
2 < a < 12b or 4 in. (100 mm) T or Rev. D (15)
a > 12b or 4 in. (100 mm) when b ≤ 1 in. (25 mm) T or Rev. E (15)
a > 12b or 4 in. (100 mm) when b > 1 in. (25 mm) T or Rev. E′ (15)

Base metal at detail attached by fillet welds or partial‐penetration
groove welds subject to longitudinal loading

a ≤ 2 in. (50 mm) T or Rev. C (15), (23) through (26)
2 in. (50 mm) < a ≤ 12b or 4 in. (100 mm) T or Rev. D (15), (23), (24), (26)
a > 12b or 4 in. (100 mm) when b ≤ 1 in. (25 mm) T or Rev. E (15), (23), (24), (26)
a > 12b or 4 in. (100 mm) when b > 1 in. (25 mm) T or Rev. E′ (15), (23), (24), (26)

Base metal attached by fillet welds or partial‐penetration groove
welds subjected to longitudinal loading when the weld
termination embodies a transition radius with the weld
termination ground smooth:

R > 2 in. (50 mm) T or Rev. D (19)
R ≤ 2 in. (50 mm) T or Rev. E (19)

Fillet‐welded attachments where the weld termination embodies a
transition radius, weld termination ground smooth, and main
material subject to longitudinal loading:
Detail base metal for transverse loading
R > 2 in. (50 mm) T or Rev. D (19)
R ≤ 2 in. (50 mm) T or Rev. E (19)

Base metal at stud‐type shear connector attached by fillet weld or
automatic end weld

T or Rev. C (22)

Shear stress on nominal area of stud‐type shear connectors S F …

NOTES:
(1) T signifies range in tensile stress only; Rev. signifies a range involving reversal of tensile or compressive stress; S signifies range in shear,

including shear stress reversal.
(2) These examples are provided as guidelines and are not intended to exclude other reasonably similar situations.
(3) When stress reversal is involved, use of SA-307 bolts is not recommended.
(4) Allowable fatigue stress range for transverse partial penetration and transverse fillet welds is a function of the effective throat, depth of

penetration and plate thickness. See Frank and Fisher,“Fatigue Strength of FilletWelded Cruciform Joints,” Journal of the Structural Division,
ASCE, Vol. 105, No. 519, 1979.
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Figure NF-3332.3-1
Illustrative Examples

(3)

(5)

(6)

(7)

(4)

Plate as shown

  or wider than

  flange

Groove or fillet weld

Category
B E or E'

(2)

(1)

(10)

(12)

(13)

(11)

(9)

(8)
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Figure NF-3332.3-1
Illustrative Examples (Cont’d)

b = thickness

Groove or fillet weld

b

a

a

b

(16)

(18)

(19)

(20)

(17)

(15)

(14)

(23)

(24)

(26)

(27)

(25)

(22)

(21)

b

b (avg.)

a a

b

a

R

Groove weld

R
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Sy bf/2tf
36 (248) 8.5
42 (290) 8.0
45 (310) 7.4
50 (345) 7.0
55 (380) 6.6
60 (413) 6.3
65 (448) 6.0

The thickness of sloping flangesmay be taken as their
average thickness.

(2) The width–thickness ratio of similarly
compressed flange plates in box sections and cover

plates shall not exceed ( )S S190 500y y . For this

purpose the width of a cover plate shall be taken as
the distance between longitudinal lines of connecting
high-strength bolts or welds.

NF-3342.2ð23Þ Specific Design Requirements.

(a) Beams.Themaximumbending strengthof a flexural
member shall be

=M S Zp y x (4)

(b) Columns
(1) In the plane of bending of columns which would

develop a plastic hinge at ultimate loading, the slender-
ness ratio l/r shall not exceed Cc defined in NF-3322.1(c).

(2) The maximum strength of an axially loaded
compression member shall be taken as

=P AF1.7cr a (5)

whereA is the gross area of themember, and Fa, as defined
by NF-3322.1(c)(1)(-a), eq. (4), is based upon the appli-
cable slenderness ratio.

(3) Members subject to combined axial load and
bending moment, including moment resulting in
secondary stress, shall be proportioned so as to satisfy
the following interaction equations:

+
[ ]

P
P

C M
P P M1 ( )

1.0
cr

m

e m
(6)

+P
P

M
M

M M
1.18

1.0;
y p

p (7)

where

Cm = coefficient defined in NF-3322.1(e)
Pe = 1.92AF′e, where F′e is defined in NF-3322.1(e)

The right-hand side of eq. (7) may be replaced by 1.5
when it can be shown that the bending moment results
only in secondary stress.

(4) For columns braced in the weak direction
=M Mm p

(5) For columns unbraced in the weak direction

(U.S. Customary Units)

=

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑ

( )
M M

l r S
M1.07

3,160m p
y y

p (8)

(SI Units)

=

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑ

( )
M M

l r S
M1.07

8 280m p
y y

p

(c) Basis for Maximum Strength Determination. For one
or two story frames, themaximum strengthmay be deter-
mined by a routine plastic analysis procedure, and the

Table NF-3332.4-1
Allowable Stress Ranges

Stress Category Used in
Table NF-3332.3-1

Allowable Range of Stress, Fsr, ksi (MPa)
Loading Condition 1,

Fsr1
Loading Condition 2,

Fsr2
Loading Condition 3,

Fsr3
Loading Condition 4,

Fsr4
A 63 (430) 37 (255) 24 (165) 24 (165)
B 49 (340) 29 (200) 18 (125) 16 (110)
B′ 39 (270) 23 (160) 15 (100) 12 (85)
C 35 (240) 21 (145) 13 (90) 10 (70) [Note 1]
D 28 (195) 16 (110) 10 (70) 7 (50)
E 22 (150) 13 (90) 8 (55) 5 (35)
E′ 16 (110) 9 (60) 6 (40) 3 (20)
F 15 (100) 12 (85) 9 (60) 8 (55)

NOTE: (1) Flexural stress range of 12 ksi (83 MPa) permitted at toe of stiffener welds on webs or flanges.
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frame instability effect PΔ may be ignored. For braced
multistory frames, provisions should be made to
include the frame instability effect in the design of the
bracing system and framemembers. For unbracedmultis-
tory frames, the frame instability effect shouldbe included
directly in the calculations for maximum strength. The
vertical bracing system for a plastically designed
braced multistory frame shall be shown to be adequate,
as determined by a rational analysis, to prevent buckling
of the structure under factored gravity load, andmaintain
the lateral stability of the structure, including considera-
tionof the overturning effects of drift, under factoredhori-
zontal and gravity loads.

(1) Stability of Braced Frames. The vertical bracing
system may be considered to function together with
in-plane shear-resisting exterior and interior walls,
floor slabs, and roof decks, if these walls, slabs, and
decks are secured to the structural frames. The
columns, girders, beams, and diagonal members, when
used as the vertical bracing systems, may be considered
to comprise a cantilever, simply connected truss in the
analysis for frame buckling and lateral stability. Axial
deformation of all members in the vertical bracing
system shall be included in the lateral stability analysis.
The axial force in thesemembers, caused by factored hori-
zontal and gravity loads, shall not exceed 0.85Py, where Py
is the product of yield stress times area of the member.
Girders and beams included in the vertical bracing system
of a braced multistory frame shall be proportioned for
axial force andmoment caused by the concurrent factored
horizontal and gravity loads, in accordance with
(b)(2), eq. (5) with Pcr taken as the maximum axial
strength of the beam, based on the actual slenderness
ratio between braced points in the plane of bending.

(2) Stability of Unbraced Frames. The strength of an
unbraced multistory frame shall be determined by a
rational analysis which includes the effects of frame
instability and column axial deformation. Such a frame
shall be designed to be stable under the following condi-
tions:

(-a) factored gravity loads
(-b) factored gravity plus factored horizontal

loads
Theaxial force in the columnat factored load levels shall

not exceed 0.75Py.
(d) Lateral Bracing

(1) Members shall be adequately braced to resist
lateral and torsional displacements at the plastic hinge
locations associated with the failure mechanism. The
laterally unsupported distance lcr from such braced
hinge locations to similarly braced adjacent points on
the member or frame shall not exceed the value deter-
mined from eq. (9) or eq. (10), as applicable

(U.S. Customary Units)

= +l r S1,375 25cr y y (9)

(SI Units)
= +l r S9 470 25cr y y

when

+ > >M M1.0 0.5p

or

(U.S. Customary Units)
=l r S1,375cr y y (10)

(SI Units)
=l r S9 470cr y y

when

>M M0.5 1.0p

where

M′/Mp = the end moment ratio, positive when the
segment is bent in reverse curvature andnega-
tive when bent in single curvature

(2) Theprovisions of (1) neednot apply in the region
of the last hinge to form, in the failuremechanismassumed
as the basis for proportioning a given member, nor in
members oriented with their weak axis normal to the
plane of bending. However, in the region of the last
hinge to form and in regions not adjacent to a plastic
hinge, the maximum distance between points of lateral
support shall be such as to satisfy the requirements of
NF-3322.1(d)(5)(-b), eq. (17); NF-3322.1(d)(5)(-b), eq.
(18); NF-3322.1(d)(5)(-b), eq. (19); NF-3322.1(e)(1),
eq. (20); or NF-3322.1(e)(1), eq. (21). For this case,
the value of fa and fb shall be computed from the
moment and axial force at factored loading, divided by
the applicable load factor.

(3) Members built into a masonry wall and having
their web perpendicular to this wall can be assumed
to be laterally supported with respect to their weak
axis of bending.

(e) Connections
(1) General Requirements. All connections, the

rigidity of which is essential to the continuity assumed
as the basis for the analysis, shall be capable of resisting
the moments, shears, and axial loads to which they would
be subjected by the full factored loading, or any probable
partial distribution thereof.

(2) Corner Connections. Corner connections
(haunches) that are tapered or curved for architectural
reasons shall be so proportioned that the full plastic
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bending strength of the section adjacent to the connection
can be developed, if required.

(3) Stiffeners. Stiffeners shall be used, as required, to
preserve the flange continuity of interrupted members at
their junction with other members in a continuous frame.
Such stiffeners shall be placed in pairs on opposite sides of
the web of the member which extends continuously
through the joint.

(4) Stress in Bolts and Welds.High-strength bolts, SA-
307 bolts, and welds shall be proportioned to resist the
forces produced at factored load, using stresses equal to
1.7 times those given in NF-3324.6(a) for bolts and Table
NF-3324.5(a)-1 for welds. In general, groove welds are
preferable to fillet welds, but their use is not mandatory.

(5) Joints With Painted Contact Surfaces. High-
strength bolts may be used in joints having painted
contact surfaces when these joints are of such size that
the slip required to produce bearing would not interfere
with the formation, at factored loading, of the plastic
hinges assumed in the design.

NF-3350 DESIGN BY ANALYSIS FOR CLASS 2
AND MC

The design by analysis of Class 2 and MC supports shall
be in accordance with NF-3320 and NF-3340.

NF-3360 DESIGN BY ANALYSIS FOR CLASS 3

The design by analysis of Class 3 supports shall be in
accordance with NF-3320 and NF-3340.

NF-3370 EXPERIMENTAL STRESS ANALYSIS

Supports of all types may be designed by experimental
stress analysis in accordance with Section III Appendices,
Mandatory Appendix II. When experimental stress
analysis is used, the appropriate stress acceptance criteria
and other limits of NF-3300 shall apply. For Level D
Service Limits, the static or equivalent static loads
shall not exceed 100% of the test collapse load.

NF-3380 DESIGN BY LOAD RATING

NF-3381 Procedure for Load Rating

Theprocedure for load rating shall consist of imposing a
total load on one or more duplicate full-size samples for a
support equal to or less than the load under which the
support fails to perform its required function. Full-size
samples composed of various parts may have each
part or a number of parts load rated provided that all
parts in the load path are either load rated or otherwise
qualified per NF-3300 or by experimental stress analysis.
When parts are connected by bolting or welding, the
connection shall be either load rated or qualified per
NF-3225 or NF-3226. Should more than one part be
load rated in a single load test, then the load rating equa-
tions of NF-3380 shall be evaluated for each part using the

part’s Sy(act) and Su(act) values. The part having the lowest
load rating shall establish the load rating for the combina-
tion of parts. A single test sample is permitted, but in that
case, the load ratings shall be decreased by 10%. Other-
wise, tests shall be runona statistically significantnumber
of samples. The permissible types ofwelded joints shall be
as permitted for the specific class of construction in
NF-3226.1, NF-3256.1, NF-3266, and NF-3324. The re-
quirements of NF-3324.5(b) for size of fillet and partial
penetration welds do not apply, provided the full-size
sample is fabricated for testing using the minimum
weld stipulated in the Design Drawings. Bolted joints
in the test sample shall be made up using the lowest
strength bolt material and minimum edge distance
allowed by the specification.

NF-3382 Load Ratings in Relation to Design
Service and Test Loadings

The load rating forDesign Loadings shall be determined
in accordance with the requirements for Service Level A
limits. The load ratings for Service Loadings for which
Level A through D Limits have been designated shall
be determined by means of the equations in the following
subparagraphs. The load rating for Test Loadings shall be
determined in accordance with the requirements for
Service Level B limits.

NF-3382.1 Nomenclature. The symbols used in this
paragraph are defined as follows:

Fall = allowable value for the type of stress in
NF-3310, ksi (MPa)

Kl = load rating coefficient for supports in compres-
sion

ST = specified minimum tensile strength of the
material used in the support as given in the ap-
plicable tables of Section II, Part D, Subpart 1,
ksi (MPa)

Su = see NF-3313.1
Su(act) = actual tensile strength of the material used in

the part or supportwhich had reached ultimate
capacity during the test, ksi (MPa)

SY = specified minimum yield strength of the mate-
rial used in the support as given in the appli-
cable tables of Section II, Part D, Subpart 1, ksi
(MPa)

Sy = see NF-3313.1
Sy(act) = actual yield strength of the material used in the

part or support which yielded during the test,
ksi (MPa)

TLu = support test load at which a substantial
increase in load displacement results in zero
or negative increase in actual support load

TLy = support test load at or below yield
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NF-3382.2 Linear-Type Supports. The load ratings for
Linear-Type Supports for the Service Loadings shall be
determined by the following equations:
Design and Level A Limits (lower of the two values)

= ×TLload rating 1.0y
F

S(yield) y

all

(act)
(1)

= ×TLload rating 1.0u
F

S(ult.) u

all

(act)
(2)

Test and Level B Limits (lower of the two values)

= ×TLload rating 1.33y
F

S(yield) y

all

(act)
(3)

= ×TLload rating 1.33u
F

S(ult.) u

all

(act)
(4)

Level C Limits (lower of the two values)

= ×TLload rating 1.5y
F

S(yield) y

all

(act)
(5)

= ×TLload rating 1.5u
F

S(ult.) u

all

(act)
(6)

Level D Limits (lowest of the three values)

= ×TLload rating 2.0y
F

S(yield) y

all

(act)
(7)

= ×TLload rating 0.7u
S

S(ult.)
u

u(act)
(8)

= ×TLload rating 0.7u(ult.) (9)

NF-3382.3 Supports Loaded in Compression. The load
rating for the supports loaded in compression shall be
determined for Service Level A through D by the
methods of NF-3382.2. In addition, for cases where buck-
ling governs,TLu shall be corrected for the ratio of Young’s
Modulusat theDesignTemperature toYoung’sModulus at
the test temperature. The load rating shall be determined
by the following equations:
Design and Level A Limits

= ×Kl TLload rating 0.52 u (10)

Test and Level B Limits
= ×Kl TLload rating 0.67 u (11)

Level C Limits
= ×Kl TLload rating 0.67 u (12)

=Kl 1.0 for elastic buckling

=Kl for inelastic buckling
S

S
y

y(act)

Level D Limits
= ×Kl TLload rating 0.67 u (13)

NF-3382.4 Alternate Load RatingMethodUsing TLy or
TLuTestResultsOnly.EitherTLyorTLu test resultsmaybe
used to establish a support load rating provided the load
rating as determined by the method of NF-3382.2 or
NF-3382.3 is modified as follows:

(a) For load rating based on TLy test results only
(1) for supports constructed of materials having

definitely determinable yield points and specified
minimum SY/ST ratios not greater than 0.625, the load
rating shall be multiplied by 0.83. If Sy(act) of the material
is not known, 0.67 shall be used in place of multiplier 0.83

(2) for supports constructed of carbon steel with
specified minimum tensile strengths of not over 70,000
psi (480 MPa), Sy(act) shall be increased by 5,000 psi
(34 MPa) prior to determining the load rating

(3) for all othermaterials the determined load rating
shall be multiplied by 0.67
For supports loaded in compression, a TLu test shall be

performed with the compressive load rating determined
in accordance with NF-3382.3.

(b) For load rating based on TLu test results, the deter-
mined load rating shall be multiplied by 0.50.

NF-3400 DESIGN RULES FOR STANDARD
SUPPORTS

NF-3410 GENERAL REQUIREMENTS

The following requirements apply in addition to the re-
quirements of NF-3100, NF-3200, and NF-3300.

NF-3411 General Design Requirements

Standard Supports (see NF-1214) shall conform to the
design considerations of NF-3120, the design rules of
NF-3200 or NF-3300, and the following additional re-
quirements.

NF-3411.1 Standard Supports Used as Component
Supports. Standard Supports may be used as component
supports, as defined in NF-3500.

NF-3411.2 Standard Supports Used as Piping
Supports. Standard Supports may be used as piping
supports, as defined in NF-3600.

NF-3411.3 ð23ÞLoads.

(a) Standard Supports shall be capable of carrying all
concurrently acting loads listed inNF-3111 and stipulated
in theDesign Specification. The supports shall be designed
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toprovide therequiredsupportingeffort and topermit the
designed piping or component movement.

(b) Spring supports shall be capable of exerting a
supporting force equal to the load, as determined by
weight–balance calculations, plus the weight of all
hanger parts such as clamps and rods that will be
supported by a spring at the point of attachment to a pres-
sure-retaining component or to an integral attachment.

(1) The design shall be such as to prevent complete
release of the piping or component load in the event of
spring failure or misalignment.

(2) When springs are to be enclosed in spaces where
high ambient temperatures occur, the spring material
shall be such that the spring constants will not be signifi-
cantly changed at the temperature to be experienced.

(c) Snubbers, dampers, and energy absorbers shall
meet the requirements of (a), and (1) and (2) below.

(1) The following occasional loads shall be consid-
ered:

(-a) seismic inertial
(-b) seismic anchor displacement
(-c) hydraulic transient loads resulting from, but

not limited to, water hammer, steam hammer, pump
startup, pump shutdown, and safety and safety relief
valve discharges, as specified in the Design Specification

(2) Thermal Expansion and Thermal Anchor Displace-
ment. Snubbers, dampers, and energy absorbers shall not
resist the effects of thermal growth of the component, the
piping system, or the anchorage to the degree where it
imposes a significant load or stress on the piping or
component.

NF-3412 Standard Support Items

NF-3412.1 ConstantSupportSpringHangers.Constant
support spring hangers may be used to support piping or
components at those locations requiring a substantially
uniform supporting force throughout the travel range
but which, while subject to thermal movement, cannot
tolerate appreciable variability of the supporting force.
They shall have a mean variability (deviation), including
friction, of no more than 6% throughout the travel range.
Deviation is the sum of kinematic friction and manufac-
turing tolerance factors. Determination of deviation is by
load test machine and is calculated as follows:

=

÷
+

deviation (maximum reading moving down
minimum reading moving up)
(maximum reading moving down
minimum reading moving up)

NF-3412.2 Variable Support Spring Hangers. Variable
support spring hangers may be used to support piping or
components at those locations subject to vertical move-
ment due to temperature differences. The variability
factorof the supporting force is calculatedby the following
equation:

= ×variability factor (travel spring rate) load

The recommended maximum variability factor is 0.25.
(a) The variability factor of the supporting force

resulting from movement of the piping or component
shall be considered in the loadings used in the stress
analysis of the piping or component.

(b) Variable support spring hangers shall be provided
withmeans to limit misalignment, buckling, and eccentric
loading and to prevent overstressing of the spring.

(c) It is recommended that all hangers employing
springs be provided with means to indicate at all times
the compression of the spring with respect to the appro-
priate hot and cold positions of the piping or component.

NF-3412.3 Hanger Rods. Design loads for threaded
hanger rods shall be based on the root area of the
threads. In no case shall hanger rods less than 3∕8
in. (10 mm) diameter be used for supporting pipe NPS
2 (DN50)andsmaller, or less than 1∕2 in. (13mm)diameter
rod for supporting pipe NPS 21∕2 (DN 65) and larger. Pipe,
structural shapes, or bars may be used instead of hanger
rods. Hanger rods, structural shapes, etc., shall be
designed to permit the free movement of piping as indi-
cated in the thermal stress analysis. The possibility of
moment loading of hanger rods or shapes as a result
of pipe motion shall be considered and avoided unless
the support is specifically designed for such loading.

NF-3412.4 ð23ÞSnubbers.6

(a) Snubbersmaybe incorporated in the systemdesign
toaccommodateDesignMechanical Loadsor conditionsof
a vibratory or dynamic nature. Snubbers may be attached
to a piping or component to protect it against dynamic
type loading. Snubbers shall allow essentially free move-
ment of the piping or component to which they are
attached during nondynamic application of load such
as that imposed by expansion and contraction. Refer to
Nonmandatory Appendix NF-E for function, applications,
and modeling.

(b) Snubbers shall be carefully applied to ensure that
they will perform their intended function without placing
unacceptable loads on the piping system or other compo-
nents.

(c) The Design Specification shall contain, as a
minimum, the following:

(1) the Design Loadings for loading conditions and
transients, and combinations of loadings for which the
snubber is designed to accommodate

(2) required force, time, and displacement relation-
ship

(3) the environmental conditions that the snubber
will be exposed to, such as

(-a) temperature
(-b) irradiation
(-c) corrosive atmosphere
(-d) moisture
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(-e) airborne particles
(4) consideration of material characteristics, such as

(-a) compatibility
(-b) stability
(-c) fire resistance
(-d) wear
(-e) aging

(5) tests which are required prior to installation
(d) Design of functional members such as interconnec-

tions, tubing and fittings reservoirs, and flow distributors
shall consider the effect of internal pressure, thermal
expansion, and vibration loading.

NF-3412.5ð23Þ Dampers. Dampers provide similar system
behavior as snubbers and can be used tomitigate dynamic
events. Dampers shall meet the requirements of
NF-3412.4. Refer to Nonmandatory Appendix NF-E for
function, applications, and modeling.

NF-3412.6ð23Þ Energy Absorbers. Energy absorbers
provide similar system behavior as snubbers and can
be used to mitigate dynamic events. Energy absorbers
shall meet the requirement of NF-3412.4. Energy absor-
bers shall be designed to meet the stress limits of Article
NF-3000, except that the energy-absorbing material shall
meet the requirements of Mandatory Appendix NF-III.
Refer toNonmandatoryAppendixNF-E for function, appli-
cations, and modeling.

NF-3420 DESIGN BY ANALYSIS FOR CLASS 1

NF-3421 General Design Requirements

The design of Class 1 Standard Supports shall be in
accordance with the requirements of NF-3420 using
one of the design procedures indicated in Table
NF-3131(a)-1 for Class 1 construction.

NF-3422 DesignofPlate- andShell-TypeStandard
Supports

The requirements of NF-3200 shall be met.

NF-3423 Design of Linear-Type Standard Supports

The requirements of NF-3300 shall be met.

NF-3425 Design of Bolting

The requirements of NF-3225 and NF-3324.6 shall be
met.

NF-3426 Design of Welded Joints

NF-3426.1 Permissible Types. The permissible types
of welded joints for Standard Supports are described
in paragraphs NF-3226.1 and NF-3256.1. Additional
types of joints are as follows. Typical examples of the
types are shown in Figure NF-3426.1-1.

(a) Tee Joints. Tee joints shall be one of the following:
(1) fillet, double welded, sketch (a-1).

(2) fillet, single welded, when double members are
used, sketch (a-2).

(3) fillet, single welded, between a flat surface and
the end surface of a closed tubular section or a closed
formedsection, sketch (f). Partially closed tubular sections
or partially closed formed sections and the total length of
their respectivewelds shall encompass aminimumof 270
deg of the circumference and provide symmetrical load-
ings on closure plates.

(b) Corner Joints. Corner joints shall be one of the
following:

(1) Partial penetration,without a filletweld between
the edge of a plate and the end surface of a closed tubular
section or partially closed formed section, sketch (e).
Partially closed tubular sections or partially closed
formed sections as well as the total length of their respec-
tive welds shall encompass a minimum of 270 deg of the
circumference and provide symmetrical loadings on
closure plates.

(2) Fillet welds between the edge of a plate and the
end surface of a closed tubular section or partially closed
tubular section or partially closed formed section,
sketches (b), (c), and (d). In addition, weld joints (b)
and (d) may be used only if the lengths of the respective
legs of the fillet weld are equal to the exposed thickness of
the plate and shell elements. Partially closed tubular
sections or partially closed formed sections as well as
the total length of their respective welds shall encompass
a minimum of 270 deg of the circumference and provide
symmetrical loadings on closure plates.

(3) The use of welded joints permitted by (a)(3) and
(b) is limited to housings for spring encapsulation of stan-
dard supports.

NF-3426.2 Design Stress Intensity and Allowable
Stress Limits for Welded Joints. The limit of design
stress intensity or of allowable stress for welded joints
for Standard Supports shall not exceed the applicable
design stress intensity value or allowable stress value
for the base metal being joined.

NF-3450 DESIGN BY ANALYSIS FOR CLASS 2

NF-3451 General Design Requirements

The design of Class 2 Standard Supports shall be in
accordance with the requirements of NF-3450 using
one of the design procedures indicated in Table
NF-3131(a)-1.

NF-3452 DesignofPlate- andShell-TypeStandard
Supports

The requirements of NF-3200 shall be met.

NF-3453 Design of Linear-Type Standard Supports

The requirements of NF-3300 shall be met.
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NF-3455 Design of Bolting

The requirements of NF-3225 and NF-3324.6 shall be
met.

NF-3456 Design of Welded Joints

The requirements of NF-3426 shall be met, except that
for groove welded and fillet welded T-joints, the welds
may be intermittent instead of continuous.

NF-3460 DESIGN BY ANALYSIS FOR CLASS 3

The design of Class 3 Standard Supports shall be in
accordance with the requirements of NF-3450, using
one of the design procedures indicated in Table
NF-3131(a)-1.

NF-3470 DESIGN BY EXPERIMENTAL STRESS
ANALYSIS

Standard Supports may be designed by experimental
stress analysis in accordance with the requirements of
NF-3270 for Plate- and Shell-Type Standard Supports
and NF-3370 for Linear-Type Standard Supports.

NF-3480 PROCEDURE FOR LOAD RATING

Standard Supports may be designed by the procedure
for load rating in accordance with the requirements of
NF-3280 for Plate- and Shell-Type Standard Supports
and NF-3380 for Linear-Type Standard Supports.

NF-3500 DESIGN RULES FOR COMPONENT
SUPPORTS

NF-3510 GENERAL REQUIREMENTS

The design of component supports shall be in accor-
dance with this subarticle and the applicable general re-
quirements of NF-3110, NF-3210, NF-3310, and NF-3410.

Figure NF-3426.1-1
Additional Permissible Welded Joints for Class 1 Standard Supports
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NF-3520 DESIGN BY ANALYSIS FOR CLASS 1

NF-3521 General Design Requirements

This subsubarticle provides stress limits for elements of
Class 1 component supports. For general requirements as
to stress determinations, definitions, derivations of stress
intensities, and classification of stresses, refer toNF-3120.

NF-3522 Design of Plate- and Shell-Type
Component Supports

(a) The design rules and stress intensity limits which
must be satisfied for the Design and Service Loadings are
given in NF-3220.

(b) When design by analysis is used, the stress limit
factors for each loading and stress category are specified
in Table NF-3221.2-1.

NF-3523 Design of Linear-Type Component
Supports

(a) The design rules and stress limits which must be
satisfied for the Design and Service Loadings are given
in NF-3320.

(b) When design by analysis is used, the stress limit
factors for each loading and stress category are specified
in Table NF-3312.1(b)-1.

NF-3524 Design of Standard Component Supports

(a) The design rules and stress limits which must be
satisfied for the Design and Service Loadings are given
in NF-3420.

(b) When design by analysis is used, the stress limit
factors for each loading and stress category are specified
in Table NF-3221.2-1 or Table NF-3312.1(b)-1, as appli-
cable.

NF-3525 Design of Bolting

The number and cross-sectional area of bolts required
for theDesign Loadings of NF-3112 shall be determined in
accordance with the procedures of NF-3324.6.

NF-3526 Design of Welded Joints

(a) Welded joints in Plate- and Shell-Type Component
Supports shall be as stipulated in NF-3226.

(b) Welded joints used in Linear-Type Component
Supports shall be as stipulated in NF-3324.5.

NF-3550 DESIGN BY ANALYSIS FOR CLASS 2, 3,
AND MC

NF-3552 Design of Plate- and Shell-Type
Component Supports

(a) The design rules and stress limits which must be
satisfied for the Design and Service Loadings are given
in NF-3250 and NF-3260.

(b) When design by analysis is used, the stress limit
factors for each loading and stress category are specified
in Table NF-3251.2-1.

NF-3553 Design of Linear-Type Component
Supports

The design rules and stress limits which must be satis-
fied for the Design and Service Loadings are given in
NF-3523.

NF-3554 Design of Class 2 and 3 Standard
Component Supports

The design of Standard Component Supports shall be in
accordance with NF-3524.

NF-3555 Design of Bolting

The provision of NF-3525 shall be met.

NF-3556 Design of Welded Joints

(a) Welded joints in Plate- and Shell-Type Component
Supports shall be as stipulated in NF-3256 for Class 2 and
MC and NF-3266 for Class 3.

(b) Welded joints in Linear-Type Component Supports
shall be as stipulated in NF-3324.5.

NF-3570 EXPERIMENTAL STRESS ANALYSIS

Component supports of all types may be designed
by experimental stress analysis in accordance
with Section III Appendices, Mandatory Appendix II.
The test collapse load may be determined by Section
III Appendices, Mandatory Appendix II, II-1430. Supports
designed by experimental stress analysis for Level A and
Level B Service Conditions shall not exceed the test
collapse load divided by 1.7. Supports designed by experi-
mental stress analysis for Level C Service Condition shall
not exceed the test collapse load divided by 1.3. Supports
designed by experimental stress analysis for Level D
Service Condition shall not exceed the test collapse load.

NF-3580 DESIGN BY LOAD RATING

Component supports of all types may be designed by
load rating in accordance with the requirements of
NF-3280 for Plate- and Shell-Type, NF-3380 for Linear-
Type, and the applicable subsubarticle for Standard
Component Supports.

NF-3600 DESIGN RULES FOR PIPING
SUPPORTS

NF-3610 GENERAL REQUIREMENTS

The design of piping supports shall be in accordance
with this subarticle and the applicable general require-
ments of NF-3110, NF-3210, NF-3310, and NF-3410.
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NF-3611 Spacing of Piping Supports

Supports for piping with a longitudinal axis in approxi-
mately a horizontal position shall be spaced to prevent
excessive shear stresses resulting from sag and
bending in the piping, with special consideration given
when components such as pumps and valves impose
concentrated loads. The suggested maximum spans for
spacing of weight supports for standard weight and
heavier piping are given in Table NF-3611-1.

NF-3612 Vibration

Piping shall be arranged and supported so that vibra-
tion will be minimized.

NF-3613 Anchors, Guides, Pivots, and Restraints

Anchors, guides, pivots, and restraints shall be designed
to secure the desired points of piping in a relatively fixed
position. They shall permit the piping to expand and
contract freely as directed from the anchored or
guided point and shall be structurally capable of with-
standing the thrusts, moments, and other imposed loads.

NF-3614 Support Adjustments

(a) Screwed adjustments shall have threaded parts to
conform to ASME B1.1 coarse threaded series, Class 2 fit.
Alternatively, other thread forms, series, and fits may be
used which permit adjustment after erection, and are
designed to withstand the forces, moments, and other
imposed loads acting on the support, considering the
worst combination of thread tolerances.

(b) Turnbuckles and adjusting nuts shall have the full
length of thread in engagement. Means shall be provided
for determining that full thread length is engaged. All
screw and equivalent adjustments shall be provided
with suitable locking devices.

NF-3615 Piping Clamps

(a) When clamps are used to support vertical piping
lines, it is recommended that shear lugs be welded to
the piping to prevent slippage.

(b) In addition to theprovisionof (a), clamps to support
vertical piping lines with rigid connections shall be
designed to support the total load on either arm in the
event the load shifts because of piping or hanger move-
ment, or both.

NF-3616 Hanger Rods

The provisions for hanger rods of NF-3412.3 apply.

NF-3620 DESIGN BY ANALYSIS FOR CLASS 1

NF-3622 Design of Plate- and Shell-Type Piping
Supports

(a) The design rules and stress intensity limits which
must be satisfied for the Design and Service Loadings are
given in NF-3220.

(b) Whendesignbyanalysis is used, the stress intensity
limit factors for each loadingand stress categoryare speci-
fied in Table NF-3221.2-1.

NF-3623 Design of Linear-Type Piping Supports

(a) The design rules and stress limits which must be
satisfied for the Design and Service Loadings are given
in NF-3320.

(b) When design by analysis is used, the stress limit
factors for each loading and stress category are specified
in Table NF-3312.1(b)-1.

NF-3624 Design of Standard Piping Supports

(a) The design rules and stress limits which must be
satisfied for the Design and Service Loadings are given
in NF-3420.

(b) When design by analysis is used, the stress limit
factors for each loading and stress category are specified
in Table NF-3221.2-1 or Table NF-3312.1(b)-1, as appli-
cable.

Table NF-3611-1
Suggested Piping Support Spacing

Nominal
Pipe Size,
in. (DN)

Suggested Maximum Span, ft (m)

Water Service
Steam, Gas, or
Air Service

1 (25) 7 (2.1) 9 (2.7)
2 (50) 10 (3.0) 13 (3.9)
3 (80) 12 (3.6) 15 (4.5)
4 (100) 14 (4.2) 17 (5.1)
6 (150) 17 (5.1) 21 (6.4)
8 (200) 19 (5.7) 24 (7.3)
12 (300) 23 (7.0) 30 (9.1)
16 (400) 27 (8.2) 35 (10.6)
20 (500) 30 (9.1) 39 (11.8)
24 (600) 32 (9.7) 42 (12.8)

GENERAL NOTES:
(a) Suggested maximum spacing between piping supports for hori-

zontal straight runs of standard and heavier piping with a
maximum operating temperature of 750°F (400°C).

(b) Does not apply where span calculations aremade or where there
are concentrated loads between supports such as flanges, valves,
specialties, etc.

(c) The spacing is based on amaximum combined bending and shear
stress of 1.5 ksi (10MPa) and insulated piping filledwithwater or
the equivalent weight of steel pipe for steam, gas, or air service,
and the pitch of the line is such that a sag of 0.1 in. (2.5 mm)
between supports is permissible.
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NF-3625 Design of Bolting

The number and cross-sectional area of bolts required
for theDesign Loadings of NF-3112 shall be determined in
accordance with the procedures of NF-3324.6. The allow-
able bolt design stress value shall be determined in accor-
dance with NF-3324.6.

NF-3626 Design of Welded Joints

(a) Welded joints in Plate- and Shell-Type Piping
Supports shall be as stipulated in NF-3226. In addition,
tee joints, double fillet welded, sketch (a) [see Figure
NF-3626(a)-1] and single welded, when double
members, sketch (b), are permitted.

(b) Welded joints used in Linear-Type Piping Supports
shall be as stipulated in NF-3324.5.

NF-3650 DESIGN BY ANALYSIS FOR CLASS 2
AND 3

NF-3652 Design of Plate- and Shell-Type Piping
Supports

(a) The design rules and stress limits which must be
satisfied for the Design and Service Loadings are given
in NF-3250 and NF-3260.

(b) When design by analysis is used, the stress limit
factors for each loading and stress category are specified
in Table NF-3251.2-1.

NF-3653 Design of Linear-Type Piping Supports

The design rules and stress limits which must be satis-
fied for the Design and Service Loadings are given in
NF-3623.

NF-3654 Design of Standard Piping Supports

The design of Standard Piping Supports shall be in
accordance with NF-3624.

NF-3655 Design of Bolting

The provisions of NF-3625 shall be met.

NF-3656 Design of Welded Joints

(a) Welded joints in Plate- and Shell-Type Piping
Supports shall be as stipulated in NF-3256 for Class 2
and NF-3266 for Class 3.

(b) Welded joints used in Linear-Type Piping Supports
shall be as stipulated in NF-3324.5.

NF-3670 EXPERIMENTAL STRESS ANALYSIS

Piping supports of all types may be designed by experi-
mental stress analysis in accordance with Section III
Appendices, Mandatory Appendix II. The test collapse
load may be determined by Section III Appendices,
Mandatory Appendix II, II-1430. Supports designed by
experimental stress analysis for Level A and Level B
Service Conditions shall not exceed the test collapse
load divided by 1.7. Supports designed by experimental
stress analysis for Level C Service Condition shall not
exceed the test collapse load divided by 1.3. Supports
designed by experimental stress analysis for Level D
Service Condition shall not exceed the test collapse load.

NF-3680 DESIGN BY LOAD RATING

Piping supports of all types may be designed by load
rating in accordance with the requirements of NF-3280
for Plate- and Shell-Type, NF-3380 for Linear-Type, and
theapplicable subsubarticle for StandardPipingSupports.

Figure NF-3626(a)-1
Additional Permissible Welded Joints for Class 1 Piping

Supports
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ARTICLE NF-4000
FABRICATION AND INSTALLATION

NF-4100 GENERAL REQUIREMENTS

NF-4110 INTRODUCTION

NF-4111 Fabrication and Installation

Supports shall be fabricated and installed in accordance
with the requirements of this Article and shall be manu-
factured from material which meets the requirements of
Article NF-2000.

NF-4112 Reassembly of Subsection NF Supports

The Certificate Holder may reassemble supports from
completed supports that have not been in operating
service or from parts and material of disassembled
supports that havenot been inoperating service, provided
all required documentation is available and the applicable
Code requirements are met.
The program for maintaining identification of material

and parts, including material documentation and certifi-
cation documents (Certificate of Compliance and NS-1
Certificate of Conformance) shall be described in a
written procedure.

NF-4120 CERTIFICATION OF MATERIALS AND
FABRICATION BY SUPPORT
CERTIFICATE HOLDER

NF-4121 Means of Certification

The NS Certificate Holder for a support shall certify
Code compliance by the furnishing of an NS-1 Certificate
of Conformance [see NCA-3211.43(a)] for welded
supports or a Certificate of Compliance [see NCA-
3211.43(b)] for nonwelded supports.

NF-4121.1ð23Þ Certification of Treatments, Tests, and
Examinations. If the Certificate Holder performs treat-
ments, tests, repairs, or examinations required by
other Articles of this Section, it shall certify that it has
fulfilled that requirement [see NCA-1224.1(c)]. Reports
of all required treatments and the results of all required
tests, repairs, and examinations performed by the NS
Certificate Holder shall be maintained as quality assur-
ance records in accordance with NCA-4134.17.

NF-4121.2 Repetition of Tensile or Impact Tests. If
during the fabrication or installation of the support the
material is subjected to heat treatment that has not

been covered by treatment of the test coupons (see
NF-2200) and that may reduce either the tensile or
impact properties below the required values, the
tensile and impact tests shall be repeatedby theCertificate
Holder on test specimens taken from test coupons which
have been taken and treated in accordance with the re-
quirements of Article NF-2000.

NF-4122 Material Identification

Material for supports shall carry identification mark-
ings which will remain distinguishable until the
support is fabricated or installed. If the original identifica-
tion markings are cut off or the material is divided, the
marks shall be accurately transferred to the parts or a
coded marking shall be used to assure identification of
each piece of material during subsequent fabrication or
installation, unless otherwise providedbyNF-2150.Mate-
rial supplied with a Certificate of Compliance andwelding
and brazing material shall be identified and controlled so
that they can be traced to each support, or else a control
procedure shall beemployedwhichensures that thespeci-
fied material is used.

NF-4123 Visual 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 NF-4000,may be performed by the personswho
performor supervise thework. These visual examinations
are not required to be performed by personnel and proce-
dures qualified to NF-5500 and NF-5100, respectively,
unless so specified.

NF-4125 ð23ÞTestingofWelding andBrazingMaterials

All welding material shall meet the requirements of
NF-2400.All brazingmaterial shallmeet the requirements
of NF-4512.

NF-4130 REPAIR OF MATERIAL

NF-4131 Elimination and Repair of Defects

Material originally accepted on delivery in which
defects exceeding the limits of NF-2500 are known or
discovered during the process of fabrication or installa-
tion is unacceptable. The material may be used provided
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the condition is corrected in accordance with the require-
ments of NF-2500 for the applicable product form, except

(a) weld repair is not required if the defect is removed
by mechanical means and does not reduce the section
below the minimum thickness required by Article
NF-3000

(b) when weld repair is performed
(1) the weld repair restores the section to the

minimum thickness required by Article NF-3000
(2) the limitation on the depth of weld repair does

not apply
(3) the time of examination of weld repairs to weld

edge preparations and to material shall be in accordance
with NF-5120

(4) the provisions of NF-2610(e) for weld repair of
structural material apply

NF-4200 FORMING, FITTING, AND ALIGNING

NF-4210 CUTTING, FORMING, AND BENDING

NF-4211 Cutting

Materials may be cut to shape and size by mechanical
means, such asmachining, shearing, chipping, or grinding,
or by thermal cutting.

NF-4211.1 Preheating Before Thermal Cutting. When
thermal cutting is performed to prepare weld joints or
edges, to remove attachments or defective material, or
for any other purpose, consideration shall be given to
preheating the material using preheat schedules, such
as suggested in Section III Appendices, Nonmandatory
Appendix D.

NF-4212 Forming and Bending Processes

Any process may be used to hot or cold form or bend
materials, including weld metal, provided the required
dimensions are attained (see NF-4214 and NF-4220),
and provided the specified impact properties of the mate-
rial, 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
temperature of the material. When required, the
process shall bequalified for impactproperties asoutlined
in NF-4213.

NF-4213 Qualification of Forming Processes for
Impact Property Requirements

When impact testing is required by the Design Speci-
fications, a procedure qualification test shall be conducted
using specimens taken frommaterial of the samematerial
specification, grade or class, heat treatment, and with
similar impact properties as required for the material
in the support. These specimens shall be subjected to

the equivalent forming or bending process and heat treat-
ment as the material in the support. Applicable tests shall
be conducted to determine that the required impact prop-
erties of NF-2300 are met after straining.

NF-4213.1 Exemptions. Procedure qualification tests
are not required for material listed in (a) through (f)

(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
which has been subjected to heat treatment representing
the hot forming procedure and the heat treatments to be
applied to the parts

(c) material which does not require impact tests in
accordance with NF-2300

(d) material which has final strain less than 0.5%
(e) material where the final strain is less than that of a

previously qualified procedure for that material
(f) material from which the impact testing required by

NF-2300 is performed on each heat and lot, as applicable,
after forming

NF-4213.2 Procedure Qualification Test. The proce-
dure qualification test shall be performed in the
manner stipulated in (a) through (f).

(a) The tests shall be performed on three different
heats of material both before and after straining to estab-
lish the effects of the forming and subsequent heat treat-
ment operations.

(b) Specimens shall be taken in accordance with the
requirements of Article NF-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:

=
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ( ) ( )t R R R% strain 50 1f f o

For spherical or dished surfaces

=
Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ( ) ( )t R R R% strain 75 1f f o

For pipe
= r R% strain 100

where

R = nominal bending radius to the centerline of the
pipe, in. (mm)

r = nominal radius of the pipe, in. (mm)
Rf = final radius to centerline of shell, in. (mm)
Ro = original radius (equal to infinity for a flat part),

in. (mm)
t = nominal thickness, in. (mm)
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(d) The procedure qualification shall simulate the
maximum percent surface strain, employing a bending
process similar to that used in the fabrication of themate-
rial or by direct tension on the specimen.

(e) Sufficient Charpy V-notch specimens shall be taken
from each of three heats of material to establish a transi-
tion curve showing in both the upper and lower shelves.
On each of these three heats, tests consisting of three
impact specimens shall be conducted at a minimum of
five different temperatures distributed throughout the
transition region. The upper and lower shelves may be
established by the use of one test specimen each,
depending on the product form.

(f) Using the results of the impact test data fromeach of
three heats, taken both before and after straining, deter-
mine either

(1) the maximum change in NDT temperature along
with

(-a) themaximum change of lateral expansion and
energy of 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 NF-2300), either the maximum change in
temperature or the maximum change in lateral expansion

NF-4213.3 Acceptance Criteria for Formed Material.
To be acceptable, the formed material used in the
support shall have impact properties before forming suffi-
cient to compensate for themaximum loss of impact prop-
erties due to the qualified forming procedure used.

NF-4213.4 Requalification.Anewprocedurequalifica-
tion test is requiredwhen any of the following changes are
made:

(a) the actual postweld heat treatment time at
temperature is greater than previously qualified consid-
eringNF-2211; if thematerial is not postweldheat treated,
the procedure must be qualified without postweld heat
treatment

(b) the maximum calculated strain of the material
exceeds the previously qualified strain bymore than 0.5%

(c) where preheat over 250°F (120°C) is used in the
forming or bending operation but not followedby a subse-
quent postweld heat treatment

NF-4214 Minimum Thickness of Fabricated
Material

If any fabricationoperation reduces the thicknessbelow
the minimum required to sat is fy the rules of
Article NF-3000, the material may be repaired in accor-
dance with NF-4130.

NF-4220 SUPPORT TOLERANCES

Tolerances not specified in this subsection shall be
specified by the designer in accordance with NF-3134.

NF-4221 Tolerances for Plate- and Shell-Type
Supports

(a) The outer surface of a plate- and shell-type support
shall not deviate from the specified shape by more than
11∕4% of the overall design dimension. Such deviations
shall not include abrupt changes.

(b) For plate- and shell-type supports which are skirts,
the difference between the maximum and minimum
outside diameters shall not exceed 1% of the nominal
outside diameter.

NF-4230 FITTING AND ALIGNING

NF-4231 Fitting and Aligning Methods

Parts that are to be joined may be fitted, aligned, and
retained in position during the joining operation by the
use of bars, jacks, clamps, drift pins, tack welds, or
temporary attachments. Mechanical devices shall be care-
fully used to avoid damage to surfaces of the parts and to
avoid enlargement of bolt holes.

NF-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
or other suitable means so that they may be satisfactorily
incorporated into the final weld. Tackwelds shall bemade
by qualified welders using qualified welding procedures.
When tack welds are to become part of the finished weld,
they shall be visually examined and defective tack welds
removed.

NF-4231.2 Column Bases.

(a) Columnbases shall be set level and to correct eleva-
tion with full bearing on the masonry.

(b) Column bases shall be finished in accordance with
the requirements of (1) through (3).

(1) Rolled steel bearingplates 2 in. (50mm)or less in
thickness may be used without milling, provided a satis-
factory contact bearing is obtained. Rolled steel bearing
plates over 2 in. (50 mm) but not over 4 in. (100 mm) in
thickness may be straightened by pressing or, if presses
are not available, bymilling for all bearing surfaces except
those noted in (3) to obtain satisfactory contact bearing.
Rolled steel bearing plates over 4 in. (100 mm) in thick-
ness shall bemilled for all bearing surfacesexcept asnoted
in (3).

(2) Column bases other than rolled steel bearing
plates shall be planed for all bearing surfaces, except
as noted in (3).
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(3) The bottom surfaces of bearing plates and
column bases which are grouted to ensure full bearing
contact on foundation need not be planed.

NF-4232 Maximum Offset of Aligned Sections

Alignment of butt joints shall be such that themaximum
offset of the finished weld will not be greater than the
applicable amount listed in Table NF-4232-1, where t
is the nominal thickness of the thinner section of the joint.

NF-4232.1 Fairing of Offsets. Any offset within the
allowable tolerance of Table NF-4232-1 shall be
blended uniformly 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.

NF-4240 REQUIREMENTS FOR WELDED JOINTS

Butt welds may be made with or without backing or
consumable insert rings. When the use of permanent
backing rings is undesirable [see NF-3226.1(a) or
NF-3256.1(a)]

(a) the backing ring shall be removed and the inside of
the joint ground smooth

(b) the joint shall be welded without backing rings or
(c) consumable insert rings shall be used

NF-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.

NF-4300 WELDING QUALIFICATIONS

NF-4310 GENERAL REQUIREMENTS

NF-4311 Types of Processes Permitted

Only those welding processes which are capable of
producing welds in accordance with the welding proce-
dure qualification requirements of Section IX and this
Subsection shall be used for welding support material
or attachments thereto. Any process used shall be such
that the records required by NF-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.

NF-4311.1 Stud Welding Restrictions. Stud welding is
acceptable for insulation supports, nameplates, and
locating lugs. Studs shall be limited to 1 in. (25 mm)
maximum diameter for round studs or an equivalent
cross-sectional area for studs of other shapes when
welding in the flat position and 3∕4 in. (19 mm) diameter
for all other welding positions. When studs are 1∕2 in. (13
mm) in diameter or less, postweld heat treatment, qual-
ified welding procedures, and certified welding materials
are not required.

NF-4311.2 Capacitor Discharge Welding. Capacitor
discharge welding may be used for welding temporary
attachments and permanent nonstructural attachments
provided

(a) temporary attachments are removed in accordance
with the provisions of NF-4435(b)

(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)

(c) a Welding Procedure Specification is prepared
describing the capacitor discharge equipment, the combi-
nationofmaterials tobe joined, and the techniqueof appli-
cation; qualification of the welding procedure is not
required

NF-4311.4 Inertia and Continuous Drive Friction
Welding.

(a) Inertia and continuous drive friction welding shall
not be used for fabrication of Class 1 Plate- and Shell-Type
Component Supports.

(b) The weld between the two members shall be a full
penetration weld.

NF-4320 WELDING QUALIFICATIONS AND
RECORDS

NF-4321 Required Qualifications

(a) Each Certificate Holder is responsible for the
welding done by its organization and shall establish
the procedure and conduct the tests required by this
Article and Section IX in order to qualify both the
welding procedures and the performance of welders
and welding operators who apply these procedures.

(b) Procedures,welders, andweldingoperatorsused to
join permanent or temporary attachments to support
elements and to make permanent or temporary tack
welds used in such welding shall also meet the qualifica-
tion requirements of this Article.

(c) When making procedure test plates for butt welds,
considerationshall begiven to theeffectof angular, lateral,
and end restraint on the weldment. This applies

Table NF-4232-1
Maximum Allowable Offset in Final Butt-Welded Joints

Section Thickness, in. (mm) Maximum Allowable Offset
Up to 3∕4 (19), incl. 1∕4t
Over 3∕4 to 11∕2 (19 to 38), incl. 3∕16 in. (5 mm)
Over 11∕2 to 6 (38 to 150), incl. 1∕8t
Over 6 (150) 3∕4 in. (19 mm)
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particularly tomaterial andweldmetalof80ksi (550MPa)
tensile strength or higher and heavy sections of both low
and high tensile strength material. The addition of
restraint duringweldingmay result in crackingdifficulties
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.

NF-4322 MaintenanceandCertificationofRecords

The Certificate Holder shall maintain a record of its
qualified welding procedures and of the welders and
welding operators qualified by it, 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.

NF-4322.1 Identification of Joints for Class 1 Compo-
nent Supports.

(a) For Class 1 Plate- and Shell-Type, and Linear-Type
Component Supports, the welder or welding operator
shall apply the identification mark assigned to that
person by the Certificate Holder on or adjacent to all
permanentwelds, including fillet welds, at 3 ft (1m) inter-
vals or less, except as noted in (b). The marking 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 a component support, and of the welders and
welding operators used in making each of the joints.

(b) For partial penetrationweldswith a depth less than
1 in. (25mm) and fillet weldswith a throat dimension less
than 1 in. (25 mm) in primary members, and for all welds
in secondary members, the Certificate Holder need not
identify the welder or welding operator who welded
each joint provided

(1) the Certificate Holder maintains a system that
will identify the welders or welding operators who
made such welds on each item

(2) thewelds in eachcategory are all of the same type
and configuration and are welded with the same Welding
Procedure Specification

NF-4322.2 Identification of Other Joints. For all types
of Class 2, 3, and MC component supports and for all
classes of piping supports and Standard Supports, the
Certificate Holder shall certify that only welders and
welding operators qualified in accordance with
NF-4321 were used in making all welds.

NF-4322.3 Identification of Tack Welds. The identifi-
cation of welder or welding operator is not required for
tack welds.

NF-4323 Welding Prior to Qualification

No welding shall be undertaken until after the welding
procedureswhich are to be used have been qualified. Only
welders andwelding operatorswho are qualified in accor-
dance with NF-4320 and Section IX shall be used.

NF-4324 Transferring Qualifications

The welding procedure qualifications and the perfor-
mance qualification tests for welders and welding opera-
tors conducted by one Certificate Holder shall not qualify
welding procedures and shall not qualify welders or
welding operators to weld for any other Certificate
Holder, except as provided in Section IX.

NF-4330 GENERAL REQUIREMENTS FOR
WELDING PROCEDURE QUALIFICATION
TESTS

NF-4331 Conformance to Section IX Requirements

All welding procedure qualification tests shall be in
accordancewith the requirements of Section IX as supple-
mented by the requirements of this Article.

NF-4334 Preparation of Test Coupons and
Specimens

(a) Removal of test coupons from the test weld and the
dimensions of specimens made from them shall conform
to the requirements of Section IX, except that the removal
of impact test coupons and the dimensions of impact test
specimens shall be in accordance with (b).

(b) Weld deposit of each process in a multiple process
weld shall, where possible, be included in the impact test
specimens. When each process cannot be included in the
full-size impact test specimen at the 1∕4t location required
by this Section, additional full-size specimens shall be
obtained from locations in the test weld that will
ensure that at least a portion of each process has been
included in full-size test specimens. As an alternative,
additional test welds can be made with each process
so that full-size specimens can be tested for each process.

NF-4334.1 Coupons Representing the Weld Deposits.
Impact test specimen and testing methods shall conform
to NF-2321. The impact specimen shall be located so that
the longitudinal axis of the specimen is at least 1∕4t, and
where the thickness of the test assembly permits, not less
than 3∕8 in. (10 mm) from the weld surface of the test
assembly. In addition, when the postweld heat treatment
temperatureexceeds themaximumtemperature specified
in NF-4620, and the test assembly is cooled at an accel-
erated rate, the longitudinal axis of the specimen shall be a
minimum of t from the edge of the test assembly. The
specimen shall be transverse to the longitudinal axis of
the weld with the area of the notch located in the
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weld. The length of the notch of the Charpy V-notch
specimen shall be normal to the surface of the weld.

NF-4334.2 Coupons Representing the Heat-Affected
Zone. Where impact tests of the heat-affected zone are
required by NF-4335.2, specimens shall be taken from
the welding procedure qualification test assemblies in
accordance with (a) through (c).

(a) If the qualification test material is in the form of a
plate or a forging, the axis of the weld shall be oriented
either parallel to or perpendicular to the principal direc-
tion of rolling or forging.

(b) The heat-affected zone impact test specimens and
testingmethods shall conform toNF-2321. The specimens
shall be removed from a location 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 onweldsmade by the electroslag or electrogas
welding process, the notch for the impact specimens shall
be located in the grain coarsened region.

(c) For the comparison of heat-affected zone values
with base material values [see NF-4335.2(b)], Charpy
V-notch specimens shall be removed from the unaffected
basematerial at approximately the samedistance fromthe
basematerial surface as the heat-affected zone specimens.
Theaxisof theunaffectedbasematerial specimens shall be
parallel to the axis of the heat-affected zone specimens,
and the axis of the notch shall be normal to the surface of
the base material.

NF-4335ð23Þ Impact Test Requirements

When materials are required to be impact tested per
NF-2300, impact tests of the weldmetal and heat-affected
zone shall be performed in accordance with the following
subparagraphs. Exemptions from impact testing under
NF-2311(b)(9) and NF-2311(b)(10) do not apply to
weld metal. Exemption from impact testing of the heat-
affected zone of those base materials which are exempted
by NF-2311(b)(9) and NF-2311(b)(10) is not permitted.
The welding procedure qualification impact test speci-
mens shall be prepared and tested in accordance with
the applicable requirements of NF-2330 and NF-4334.
Retests in accordance with the provisions of NF-2350
are permitted.

NF-4335.1 ð23ÞImpact Tests of Weld Metal.

(a) Impact tests of the weld metal shall be required for
welding procedure qualification tests for productionweld
joints exceeding 5∕8 in. (16mm) in thicknesswhen theweld
ismade on the surface or penetrates the basematerial that
requires impact testing in accordance with NF-2310. In
addition, such testing of the weld metal is required for
the welding procedure qualification tests for any weld
repair to base material that requires impact testing in
accordance with NF-2310, regardless of the depth of
the repair. Exemption from impact testing under
NF-2311(b)(9) and NF-2311(b)(10) does not apply to
weld metal of the welding procedure qualification test
for either production weld joints or base material repairs.

(b) The impact test requirements and acceptance stan-
dards forweldingprocedurequalificationweldmetal shall
be the same as specified in NF-2330 for the base material
tobeweldedor repaired.Where twomaterialswhichhave
different fracture toughness requirements are tobe joined
by welding, the test requirements and acceptance stan-
dards of either material may be used for the weld
metal, except where otherwise specified by NCA-1280
or other parts of this Section.

(c) AWelding Procedure Specification (WPS) qualified
to the impact testing requirements of Subsection NB, NCD
(Class 2 only), or NE may be accepted as an alternative to
the WPS impact testing requirements of this Subsection.

NF-4335.2 Impact Tests of Heat-Affected Zone.

(a) CharpyV-notch testsof theheat-affectedzoneof the
welding procedure qualification test assembly are
required whenever the thickness of the weld exceeds
5∕8 in. (16 mm), and either of the base materials requires
impact testing in accordance with the rules of NF-2310.
Exemption of base materials by NF-2311(b)(9) or
NF-2311(b)(10) does not apply to the welding procedure
qualification of the heat-affected zone or unaffected base
material for such materials. The only exceptions to the
requirements are the following:

(1) the qualification for welds in P-Nos. 1 and 3 and
SA-336 F12 materials that are postweld heat treated and
are made by any process other than electroslag, elec-
trogas, or thermit

(2) the qualification for weld deposit cladding or
hard-facing on any base material

(3) that portion of the heat-affected zone associated
withGTAWroot depositswith amaximumof two layers or
3∕16 in. (5 mm) thickness, whichever is less

(b) CharpyV-notch testing shall be performed as speci-
fied in (1) through (6).

(1) Charpy V-notch test specimens representing
both the heat-affected zone and the unaffected basemate-
rial shall be tested. The unaffected base material shall be
tested at a temperature equal to or below that specified in
NF-2311(c).
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(2) The Charpy V-notch tests of the unaffected base
material shall meet the applicable requirements of
NF-2330 for the applicable Class and acceptance category.
If the requirements are not met at the test temperature,
additional testing shall be performed at higher tempera-
tures until the above requirements are met.

(3) The heat-affected zone specimens shall be tested
at the test temperature determined in (2). If the average
applicable toughnessvalueof theheat-affectedzonespeci-
mens equals or exceeds the average applicable toughness
value of the unaffected basematerial, the qualification test
is acceptable for the essential and supplemental essential
variables recorded on the Welding Procedure Qualifica-
tion Record. If the heat-affected zone average applicable
toughness value is less than the unaffected base material
average applicable toughness value, the adjustment given
in (4) through (6) shall be determined and applied as
provided in (c). Alternatively, another test coupon may
be welded and tested.

(4) Additional Charpy V-notch tests shall be
performed on either the heat-affected zone or the unaf-
fected base material, or both, at temperatures where the
applicable toughness values of all three specimens tested
are not less than that specified in (2). The average appli-
cable toughness value for each test meeting this require-
ment shall be plotted on a property-temperature graph.
The difference in temperature THAZ and TUBM where the
heat-affected zone and the unaffected base material
average applicable toughness values are the same and
not less than that specified in (2) shall be used to deter-
mine the adjustment temperature TADJ where

=T T TADJ HAZ UBM

If TADJ ≤ 0, then TADJ = 0.
(5) As an alternative to (4), if the applicable tough-

ness values of theheat-affected zone areno less than those
specified in NF-2330 for the applicable Class and accep-
tancecategoryand theaverageapplicable toughnessvalue
of the heat-affected zone specimens is not less than 7 ft-lb
(10 J) or 5 mils (0.13 mm) below the average applicable
toughness value of the unaffected base material, TADJ may
be taken as 15°F (8°C).

(6) As a second alternative to (4), if the applicable
toughness values of the heat-affected zone are no less
than those specified in NF-2330 for the applicable
Class and acceptance category, the difference between
the average applicable toughness value of the heat-
affected zone and the unaffected base material shall be
calculated and used as described in (c)(3).

(c) At least one of the following methods shall be used
to compensate for the heat-affected zone toughness
decrease due to the welding procedure.

(1) The lowest service temperature specified in the
Design Specification for all of the material to be welded in
production Welding Procedure Specifications supported

by this Welding Procedure Qualification Record shall be
increased by the adjustment temperature TADJ.

(2) Thespecified testing temperature for theproduc-
tion material may be reduced by TADJ.

(3) Thematerials to be welded may be welded using
the Welding Procedure Specification, provided they
exhibit toughness values that are no less than the
minimum required toughness values specified in
NF-2300 plus the difference in the average applicable
toughness values established in (b)(6).

(d) The Charpy V-notch testing results shall be
recorded on the Welding Procedure Qualification
Record and any offsetting TADJ or increased toughness re-
quirements shall be noted on the Welding Procedure
Qualification Record and on theWelding Procedure Spec-
ification. More than one compensation method may be
documented on the Welding Procedure Qualification
Record.

(e) A Welding Procedure Specification qualified to the
impact testing requirements of Subsection NB, NCD (Class
2 only), or NE may be accepted as an alternative to the
Welding Procedure Specification impact testing require-
ments of this Subsection.

NF-4400 RULES GOVERNING MAKING AND
REPAIRING WELDS

NF-4410 PRECAUTIONS TO BE TAKEN BEFORE
WELDING

NF-4411 Identification, Storage, and Handling of
Welding Materials

Each Certificate Holder is responsible for control of the
welding electrodes and other materials which are used in
the fabrication and installation of supports (seeNF-4120).
Suitable identification, storage, and handling of elec-
trodes, flux, and other welding material shall be main-
tained. Precautions shall be taken to minimize
absorption of moisture by electrodes and flux.

NF-4412 Cleanliness and Protection of Weld
Surfaces

The method used to prepare the base metal shall leave
the weld preparation with reasonably smooth surfaces.
The surfaces for welding shall be free of scale, rust, oil,
grease, and other deleterious material. The work shall
be protected from deleterious contamination and from
rain, snow, and wind during welding. Welding shall not
be performed on wet surfaces.

NF-4420 RULES FOR MAKING WELDED JOINTS

NF-4421 Backing Strips

The materials for backing strips, when used, shall be
compatible with the base metal.
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NF-4422 Peening

The weld metal may be peened when it is deemed nec-
essary or helpful to control distortion.

NF-4423 Double-Welded Joints

Before applying weld metal on the second side to be
welded, the root of full penetration double-welded
joints shall be prepared by suitablemethods, such as chip-
ping, grinding, or thermal gouging, except for those
processes of welding by which proper fusion and pene-
tration are otherwise obtained and demonstrated to be
satisfactory by welding procedure qualification.

NF-4424 Surfaces of Welds

(a) The surface condition of the finished weld shall be
sufficiently free from coarse ripples, grooves, overlaps,
abrupt ridges, and valleys for the proper interpretation
of radiographic and other required nondestructive exam-
inations of thewelds. In those caseswhere there is a ques-
tion regarding the surface condition on the interpretation
of a radiographic film, the film shall be compared to the
actual weld surface for interpretation and determination
of acceptability.

(b) Concavity on the root side of a single-welded
circumferential butt weld is permitted when the resulting
thickness of the weld meets the requirements of
Article NF-3000.

(c) Fusion shall exist between adjacent layers of weld
metal and between weld metal and base metal except as
provided in NF-5360(c).

(d) For inertia and continuous drive friction welding,
the weld upset shall meet the specified amount within
±10%. Flash shall be removed to sound metal.

NF-4427 Shape and Size of Welds

(a) Fillet welds may vary from convex to concave. The
shape and size of the weld shall be in accordance with the
requirements of Figure NF-4427-1. Convexity of fillet
welds is not a criteria for acceptance and need not be
measured.

(b) The faces of grooveweldsmaybe flat or convex. The
thickness of groove welds shall be no less than 1∕32
in. (0.8 mm) less than the thickness of the thinner of
the members joined.

(c) On web-to-flange welds on girders, no underrun is
permitted at the ends for a length equal to twice thewidth
of the flange.

NF-4429 Plug Welds

Whenplugwelds areusedonsupports, a filletweld shall
first be deposited around the circumference at the bottom
of the hole.

NF-4430 WELDING OF ATTACHMENTS

NF-4435 Welding of Nonstructural and
Temporary Attachments, and Their
Removal

(a) Nonstructural attachments such as insulation
supports, nameplates, locating lugs, and temporary
attachments may be noncertified material and may be
welded to the support or parts thereof with continuous
or intermittent fillet or partial penetration welds,
provided the requirements of (1) through (5) are met

(1) the welding procedure and the welders have
been qualified in accordance with NF-4321

(2) the material is identified and is suitable for
welding

(3) the material is compatible with the material to
which it is attached

(4) theweldingmaterial is identified and compatible
with the materials joined

(5) the welds are postweld heat treated when
required by NF-4620

(b) Removal of nonstructural temporary attachments
shall be accomplished as follows:

(1) the temporary attachment shall be completely
removed in accordance with the procedures of NF-4211

(2) as an alternative to (a)(5), postweld heat treat-
ment may be deferred until after removal of the attach-
ment

(3) the surface of the support shall be visually exam-
ined after removal of the temporary attachment

NF-4440 SPECIAL REQUIREMENTS FORWELDING

NF-4441 Through-Thickness Loading

Welded joint configurations causing significant
through-thickness tensile stress [as defined in
NF-1215(b)] during fabrication or service on rolled
product forms should be avoided. When this type of
construction is used, weld volume and welding heat
input on the rolled surfaces should be limited to the
extent practical. When identified by the Design Output
Documen t s [ s ee NF -3226 .3 , NF -3256 .4 , and
NF-3324.5(g)], weld joints in primary members 1 in.
(25 mm) or greater in thickness in component supports
subjected to significant through-thickness tensile loads
and any other weld joints identified in the Design
OutputDocuments shallmeetoneof the followingrequire-
ments:

(a) After completion of welding, the base material
directly underneath the attachment shall be ultrasonically
examined in accordance with the requirements of
NF-5214, NF-5224, or NF-5234, as appropriate to the
component support class.

(b) Aweldmetal inlayoroverlay shall bemade inaccor-
dancewithFigureNF-4441-1 andultrasonically examined
in accordance with NF-5214, NF-5224, or NF-5234, prior
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Figure NF-4427-1
Fillet Weld Dimensions

Size of
 weld

Size of
 weld

Convex fillet weld

Convex fillet weld

Concave
 fillet weld

Theoretical throat

Surface of through member

Surface of through member

Surface of
 intersecting
 member

Surface of
 intersecting
 member

Surface of
 intersecting
 member

Theoretical throat

Theoretical throat

Theoretical
 throat

Theoretical
 throat

135 deg max.
60 deg min. [Note (3)]

Through member

Intersecting
 member

Concave
 fillet weld

Theoretical throat

(a) Equal Leg Fillet Weld [Note (1)]

(b) Unequal Leg Fillet Weld [Note (2)]

(c) Skewed T-Joints [Note (3)]

Surface of
 intersecting
 member

NOTES:
(1) The “size” of an equal leg fillet weld is the leg length of the largest inscribed right isosceles triangle. Theoretical throat = 0.7 × size of weld.
(2) The “size” of an unequal leg fillet weld is the shorter leg length of the largest right triangle, which can be inscribedwithin the fillet weld cross

section.
(3) When the intersecting member is less than 60 deg, the weld shall be considered a partial penetration groove weld [NF-3324.5(d)(4)].
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to making the weld joining the attachment member to the
inlay or overlay.

(c) Thematerial shallmeet the acceptance standards of
SA-770, Through-Thickness Tension Testing of Steel
Plates for Special Applications.

NF-4450 REPAIR OF WELD METAL DEFECTS

NF-4451 ð23ÞGeneral Requirements

Discontinuities detected in weld metal by examination
(see Article NF-5000) and classified as defects shall be
reduced to imperfections of acceptable size and, if neces-
sary, repaired by welding.

NF-4452 Elimination of Surface Defects

Weldmetal surfacedefectsmaybe removedby grinding
or machining and need not be repaired by welding,
provided that the requirements of (a) through (c) aremet.

(a) The remaining thickness of the section is not
reduced below that required by Article NF-3000.

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

(c) The area is examined after blending by a magnetic
particle or liquid penetrant method in accordance with
NF-5110 and meets the acceptance standards of
NF-5300 to ensure that the defect has been removed
or the indication reduced to an acceptable limit.
Defects detected by the visual or volumetric method
and located on an interior surface need only be reexa-
mined by the method which initially detected the
defect when the interior surface is inaccessible for
surface examination.

NF-4453 Requirements for Making Repairs to
Welds

Excavations in weld metal, when repaired by welding,
shall meet the requirements of the following subpara-
graphs.

NF-4453.1 Defect Removal. Defects may be removed
by mechanical means or by thermal gouging processes.
The area prepared for repair shall be examined by a
liquid penetrant or magnetic particle method in accor-
dance with NF-5110 and shall meet the acceptance stan-
dards of NF-5340 or NF-5350. This examination is not
required where defect elimination removes the full thick-
nessof theweldandwhere thebacksideof theweld joint is
not accessible for removal of examination materials.

NF-4453.2 Requirements for Welding Materials,
Procedures, and Welders. The weld repair shall be
madeusingweldingmaterial,welders, andweldingproce-
dures qualified in accordancewithNF-4125 andNF-4300.

NF-4453.3 Blending of Repaired Areas. After repair,
the surface shall be blended uniformly into the
surrounding surface.

NF-4453.4 Examination of Repair Welds. The exami-
nation of a weld repair shall be repeated as required for
the original weld, except that it need only be reexamined
by the liquid penetrant ormagnetic particlemethodwhen
the unacceptable indicationwas originally detected by the

Figure NF-4441-1
Weld Joint Producing Through‐Thickness Loading

3/8 in. min.
   (typ.)
   (10 mm)

w

t

Step 1

Step 1:  Inlay or overlay weldment

Step 2:  Completion of weldment

Step 2

Step 2

T

w

(typ.)

3/8 in. min.
   (typ.)
   (10 mm)

GENERAL NOTES:
(a) T is the width of the welded zone measured on the primary

member surface.
(b) Members may be welded on one side only or from both sides.
(c) Inlay or overlay thickness shall be 1∕4 in. (6 mm) min. for t = 1 in.

(25 mm) and shall be increased 1∕16 in. (1.5 mm) for each addi-
tional 3∕8 in. (10 mm) of t but not exceed 1∕2 in. (13 mm).

(d) When T exceeds t, w shall be increased by an additional
1∕16 in. (1.5 mm) for each 3∕8 in. (10 mm) of T over t, to a
maximum of 1∕2 in. (13 mm).

(e) Theminimumspecified tensile strengthof the electrodes used for
inlay or overlay shall not exceed the minimum specified tensile
strength of the base metal by more than 12 ksi (83 MPa).
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liquid penetrant or magnetic particle method and when
the repair cavity does not exceed the following:

(a) 1∕3tw for tw ≤ 3∕4 in. (19 mm)
(b) 1∕4 in. (6 mm) for 3∕4 in. (19 mm) <tw ≤ 21∕2 in.

(64 mm)
(c) the lesser of 3∕8 in. (10 mm) or 10% tw for

tw > 21∕2 in. (64 mm)
where twequals thenominal thicknessof theoriginalweld.

NF-4453.5 Heat Treatment of Repaired Areas. The
repaired area shall be heat treated when required by
NF-4620.

NF-4500 BRAZING

NF-4510 RULES FOR BRAZING

NF-4511 Where Brazing May Be Used

Furnace brazing is permitted for the construction of
supports in accordance with the rules of this Subsection
provided the following additional requirements are met:

(a) Brazing procedures and brazing operators shall be
qualified in accordance with Section IX.

(b) Clearance or interference between mating parts
shall be in accordance with the Brazing Procedure Spec-
ification.

(c) Basematerial shall be limited tomaterial permitted
by NF-2120 and Section IX, P-Nos. 101 and 102 ferritic
material.

(d) Brazing alloys shall be limited to Section IX, F-No.
105.

(e) Theallowable shear stress shall be15ksi (105MPa)
or 0.4 times the yield strength of the base material [see
NF-3322.1(b)], whichever is less, and the joint shall be
loaded principally in shear only.

(f) Postbrazing heat treatment to develop or restore
base material mechanical properties shall be qualified
by test specimenswhichmeet the thickness requirements
of Section IX, QB-451. The base material test specimens
shall be exposed to the same thermal treatment as a
brazed part but need not contain a brazed joint. Post-
brazing heat treatment of actual parts or test specimens
may be performed in the same heat cycle as the brazing
operation or in a separate heat cycle. Postbrazing heat
treatment shall not exceed 1,850°F (1010°C).

(g) Brazing alloy shall be preplaced on one side of the
joint only. Each production joint shall be visually exam-
ined after brazing. Brazing metal must be continuous on
the preplaced brazing metal side and 85% continuous on
the other side.

NF-4512 Brazing Material

Where brazing is permitted, the brazing filler material
and fluxes shall conform to the rules covering identifica-
tion in NF-2150 and to the following requirements:

(a) The fillermaterial used in brazing shall be a nonfer-
rous metal or alloy with a solidus temperature above
800°F (425°C) and at least 500°F (278°C) above the
highest temperature of the joint in service.

(b) The filler material shall melt and flow freely by
capillary action within the desired temperature range,
and in conjunctionwith a suitable flux or controlled atmo-
sphere the filler material shall wet and adhere to the
surfaces to be joined.

(c) Fluxes that are fluid and chemically active at the
brazing temperature shall be used, when necessary, to
prevent oxidation of the filler metal and the surfaces
to be joined and to promote free flowing of the fillermate-
rial.

NF-4600 HEAT TREATMENT

NF-4610 WELDING PREHEAT AND INTERPASS
REQUIREMENTS

NF-4611 When Preheat Is Necessary

Theneed for and temperature of preheat are dependent
on a number of factors, such as the chemical analysis,
degree of restraint of the parts being joined, elevated
temperature, physical properties, and material thick-
nesses. Some practices used for preheating are given
in Section III Appendices, Nonmandatory Appendix D
as a general guide for the materials listed by P-
Numbers of Section IX. It is cautioned that preheating
suggested in Section III Appendices, Nonmandatory
Appendix D does not necessarily ensure satisfactory
completion of the welded joint and that the preheat re-
quirements for individual materials within the P-Number
listingmaybemore or less restrictive. TheWelding Proce-
dure Specification for the material being welded shall
specify the minimum preheating requirements under
the welding procedure qualification requirements of
Section IX.

NF-4612 Preheating Methods

Preheat forweldingor thermal cutting,whenemployed,
may be applied by any method which does not harm the
base material or any weld metal already applied or which
does not introduce deleterious material into the welding
area which is harmful to the weld.

NF-4613 Interpass Temperatures

Consideration should be given to limitations of inter-
pass temperatures for quenched and tempered material
to avoid detrimental effects on themechanical properties.
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NF-4620 POSTWELD HEAT TREATMENT

NF-4621 Heating and Cooling Methods

Postweld heat treatment (PWHT)may be accomplished
by any suitable methods of heating and cooling, provided
the requiredheatingandcooling rates,metal temperature,
metal temperature uniformity, and temperature control
are maintained.

NF-4622 PWHT Time and Temperature
Requirements

NF-4622.1 General Requirements.1 Except as other-
wise permitted in NF-4622.7, all welds, including
repair welds, shall be postweld heat treated. During post-
weldheat treatment, themetal temperature shall bemain-
tained within the temperature ranges and for the
m in imum ho l d i n g t ime s sp e c i f i e d i n Tab l e
NF-4622.1-1, except as otherwise permitted in
NF-4622.4(c). P-Number groups in Table NF-4622.1-1
are in accordance with Section IX, QW-420. Except as
provided in NF-4624.3, PWHT shall be performed in
temperature-surveyed and -calibrated furnaces, or
PWHT shall be performed with thermocouples in
contact with the material or attached to blocks in
contact with the material. In addition, the requirements
of the following subparagraphs shall apply.

NF-4622.2 Time–Temperature Recordings. Time–
temperature recordings of all postweld heat treatments
shall bemaintained as quality assurance records in accor-
dance with NCA-4134.17. Identification on the time–
temperature recording shall be to the weld, part, or
support. A summary of the time–temperature recording
may be provided for permanent records in accordance
with NCA-4134.17.

NF-4622.3ð23Þ DefinitionofNominalThicknessGoverning
PWHT. Nominal thickness in Table NF-4622.7(b)-1 is the
thickness of the weld, the base material, or the thinner of
thebasematerials being joined,whichever is least. It is not
intended that nominal thickness include material
provided for forming allowance, thinning, or mill
overrun when the excess material does not exceed 1∕8
in. (3 mm). For fillet welds, the nominal thickness is
the throat thickness, and for partial penetration and
repair welds, the nominal thickness is the depth of the
weld groove or preparation.

NF-4622.4 Holding Times at Temperature.

(a) The holding time at temperature as specified in
Table NF-4622.1-1 shall be based on the nominal thick-
ness of theweld. The holding timeneednot be continuous.
It may be an accumulation of the times of multiple post-
weld heat treatment cycles.

(b) Holding time at temperature in excess of the
minimum requirements of Table NF-4622.1-1 may be
used, provided that specimens so heat treated are
tested in accordance with NF-2200, NF-2400, and
NF-4300.

(c) Alternatively, when it is impractical to postweld
heat treat at the temperature range specified in
Table NF-4622.1-1, it is permissible to perform the post-
weld heat treatment of certain materials at lower
temperatures for longer periods of time in accordance
with Table NF-4622.4(c)-1 and (1) through (3).

(1) Except for P-No. 1 materials, when welds in the
materials listed in Table NF-4622.4(c)-1 are to be post-
weld heat treated at these lower minimum temperatures,
the impact test specimens for the welding procedure
qualification required by NF-4300 shall be made using
the same minimum temperatures and increased
minimum holding time. Welding procedures, qualified
at the temperature range and minimum holding time
specified in Table NF-4622.1-1 and at the lower
minimum temperature and increased minimum holding
timepermittedbyTableNF-4622.4(c)-1, are alsoqualified
forany temperature inbetween.Whensuchan in-between
temperature is used, the minimum holding time shall be
interpolated from Table NF-4622.1-1 and the alternative
requirements of Table NF-4622.4(c)-1.

(2) Except for P-No. 1 materials, when welds in the
materials listed in Table NF-4622.4(c)-1 are to be post-
weld heat treated at these lower minimum temperatures,
the welding material certification required by NF-2400
shall be made using the same minimum temperatures
and increased minimum holding time. Welding material
certified at the temperature range and minimum holding
time specified in Table NF-4622.1-1, and at the lower
minimum temperatures and increased minimum
holding time permitted by Table NF-4622.4(c)-1 is also
certified for any temperature in between.

(3) Base material certified in accordance with
NF-2210 may be postweld heat treated at these lower
minimum temperatures and increased minimum
holding timeswithout recertification. Postweldheat treat-
ment at these lower minimum temperatures and
increased minimum holding times may also be the
tempering operation, provided a higher tempering
temperature is not required by the material specification.

NF-4622.5 PWHT Requirements When Different
P-Number Materials Are Joined. When materials of
two different P-Number groups are joined by welding,
the applicable postweldheat treatment shall be that speci-
fied in Table NF-4622.1-1 for the material requiring the
higher PWHT temperature range.

NF-4622.6 PWHT Requirements for Non-Pressure-
Retaining Parts. When non-pressure-retaining material
is welded to pressure-retaining material, the postweld
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Table NF-4622.1-1
ð23ÞMandatory Requirements for Postweld Heat Treatment (PWHT) of Welds

P‐No.
(Section IX, QW‐

420)

Holding
Temperature
Range, °F (°C)
[Note (1)]

Minimum Holding Time at Temperature for Nominal Thickness of the Weld

1⁄2 in. (13 mm)
or less

Over 1⁄2 in. to 2 in.
(13 mm to 50 mm)

Over 2 in. to 5 in.
(50mmto125mm) Over 5 in. (125 mm)

1, 3 1,100–1,250
(595–675)

30 min 1 hr/in. (2 min/mm) 2 hr plus 15min each
additional inch (2
h plus 0.5 min/
mm) over 2
in. (50 mm)

2 hr plus 15 min each additional
inch (2 h plus 0.5 min/mm) over
2 in. (50 mm)

4 1,100–1,250
(595–675)

30 min 1 hr/in. (2 min/mm) 1 hr/in. (2 min/mm) 5 hr plus 15 min each additional
inch (5 h plus 0.5 min/mm) over
5 in. (125 mm)

5A, 5B, 5C, 6 except
P‐No. 6 Gr. 4

1,250–1,400
(675–760)

30 min. 1 hr/in. (2 min/mm) 1 hr/in. (2 min/mm)
5 hr plus 15 min each additional
inch (5 h plus 0.5 min/mm) over
5 in. (125 mm)6 Gr. 4 1,050–1,150

(565–620)
7 1,300–1,400

(705–760)
30 min 1 hr/in. (2 min/mm) 1 hr/in. (2 min/mm) 5 hr plus 15 min each additional

inch (5 h plus 0.5 min/mm) over
5 in. (125 mm)

9A Gr.1 1,100–1,250
(595–675)

30 min 1 hr/in. (2 min/mm) 1 hr/in. (2 min/mm)

5 hr plus 15 min each additional
inch (5 h plus 0.5 min/mm) over
5 in. (125 mm)9B Gr. 1 1,100–1,175

(595–635)
10A Gr. 1, 10C Gr. 1,
10F Gr. 1

1,100–1,250
(595–675)

30 min 1 hr/in. (2 min/mm) 1 hr/in. (2 min/mm)

5 hr plus 15 min each additional
inch (5 h plus 0.5 min/mm) over
5 in. (125 mm)10I Gr. 1 1,300–1,400

(705–760)
11A Gr. 1 1,025–1,085

(550–585)

30 min 1 hr/in. (2 min/mm) 1 hr/in. (2 min/mm) 1 hr/in. (2 min/mm)11A Gr. 4 1,000–1,050
(540–565)

11A Gr. 5 1,100–1,150
(595–620)

11B Gr. 1 through 10 1,000–1,100
(540–595)

30 min 1 hr/in. (2 min/mm) 1 hr/in. (2 min/mm) 1 hr/in. (2 min/mm)

15E Gr. 1 1,350–1,425
(730–775)

30 min 1 hr/in. (2 min/mm) 1 hr/in. (2 min/mm) 5 hr plus 15 min each additional
inch (5 h plus 0.5 min/mm) over
5 in. (125 mm)

P‐Nos. 8, 10H Gr. 1,
34, 42, 43, 45 and
hard surfacing on
P‐No. 1 base metal
whose reported
carbon content is
not more than
0.30%

PWHT neither required nor prohibited

GENERAL NOTE: Exemptions to the mandatory requirements of this Table are defined in NF-4622.7.

NOTE: (1) All temperatures are metal temperatures.
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heat treatment temperature range of the pressure-
retaining material shall control.

NF-4622.7ð23Þ Exemptions to Mandatory Requirements.
Postweld heat treatment in accordance with this subar-
ticle is not required for

(a) nonferrous materials
(b) welds exempted in Table NF-4622.7(b)-1
(c) welds subjected to temperatures above the PWHT

temperature range specified in Table NF-4622.1-1,
provided theWelding Procedure Specification is qualified
in accordance with Section IX and the base material and
the deposited weld material has been heat treated at the
higher temperature

(d) postweld heat treatment is not required for
supports constructed of Type 405 material or of Type
410 material with carbon content not to exceed 0.08%,
welded with electrodes that produce an austenitic chro-
mium–nickel weld deposit or a non-air-hardening nickel–
chromium–iron weld deposit, provided the plate nominal
thickness at the welded joint does not exceed 3∕8
in. (10 mm), and for thicknesses over 3∕8 in. to 11∕2 in.
(10 mm to 38 mm), provided a preheat of 450°F
(230°C) is maintained during welding and the joints
are completely radiographed

NF-4623 PWHT Heating and Cooling Rate
Requirements

Above 800°F (425°C), the rate of heating and cooling in
anyhourly interval shall not exceed400°F (220°C)divided
by the maximum thickness in inches of the material being
heat treated, but shall not exceed 400°F (220°C) and need
not be less than 100°F (56°C) in any hourly interval.
During the heating and cooling period there shall not
be a greater variation in temperature than 250°F
(140°C) within any 15 ft (4.5 m) interval of weld
length. The exceptions of (a) and (b) are permitted.

(a) P-No. 6material may be cooled in air from the post-
weld heat treatment holding temperature specified in
Table NF-4622.1-1.

(b) For P-No. 7 materials, the cooling rate at tempera-
tures above 1,200°F (650°C) shall not exceed 100°F/hr
(56°C/h) after which the rate of cooling shall be suffi-
ciently rapid to prevent embrittlement.

NF-4624 Methods of Postweld Heat Treatment

The postweld heat treatment shall be performed in
accordance with the requirements of one of the following
subparagraphs.

NF-4624.1 Furnace Heating— One Heat. Heating the
support or item in a closed furnace in one heat is the
preferred procedure and should be used whenever prac-
tical. The furnace atmosphere shall be controlled so as to
avoid excessive oxidation, and direct impingement of
flame on the support or item is prohibited.

NF-4624.2 Furnace Heating — More Than One Heat.
The support or itemmay be heated in more than one heat
in a furnace, provided the furnace atmosphere control re-
quirements of NF-4624.1 apply and overlap of the heated
sections of the support or item is at least 5 ft (1.5m).When
this procedure is used, the portion of the support or item
outside the furnace shall be shielded so that the tempera-
ture gradient is not harmful. The cross section where the
support or item projects from the furnace shall not inter-
sect a structural discontinuity.

NF-4624.3 Local Heating.Welds may be locally post-
weld heat treated when it is not practical to heat treat the
entire support or item. Local postweld heat treatment
shall consist of heating a circumferential band around
the support or item at temperatures within the ranges
specified in this subarticle. The minimum width of the
controlled band at each side of the weld, on the face of
the greatest weld width, shall be the thickness of the
weld or 2 in. (50mm), whichever is less. The temperature
of the support or item from the edgeof the controlledband
outward shall be gradually diminished so as to avoid
harmful thermal gradients. This procedure may also be
used for postweld heat treatment after repairs.

NF-4624.4 Internal Heating. The support or itemmay
be heated internally by any appropriate means and with
adequate indicating and recording temperature devices to
aid in the control and maintenance of a uniform distribu-
tionof temperature in the support or item. Previous to this
operation, the support or item should be fully enclosed
with insulating material.

NF-4660 HEAT TREATMENT OF ELECTROSLAG
WELDS

Electroslag welds in ferritic material over 11∕2 in. (38
mm) in nominal thickness at the joints shall be given a
grain refining heat treatment.

Table NF-4622.4(c)-1
Alternative Holding Temperatures and Times

Material
P-Numbers

Alternative Minimum
Holding Temperatures,

°F (°C)

Alternative
Minimum Holding

Times
1, 3, 9A Gr. 1, 9B Gr.
1

1,050 (565) 2 hr/in. (4 min/mm)
thick

1, 3, 9A Gr. 1, 10A
Gr. 1, 9B Gr. 1

1,000 (540) 4 hr/in. (8 min/mm)
thick

GENERAL NOTES: All other requirements of NF-4622 shall apply.
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Table NF-4622.7(b)-1
ð23ÞExemptions to Mandatory PWHT

P-Number
(Section IX,
QW‐420) Type of Weld [Note (1)]

Nominal Thickness
(NF-4622.3)

Max. Reported
Carbon, %
[Note (2)]

Min. Preheat
Required,
°F (°C)

Minimum
Lateral

Expansion
mils (mm)
[Note (3)]

1 All welds where the materials being
joined are 11∕2 in. (38mm) and less

11∕4 in. (32 mm) and less 0.30 or less … NR

All welds where the materials being
joined are 11∕2 in. (38mm) and less

Over 11∕4 in. (32 mm) to 11∕2
in. (38 mm)

0.30 or less 200 (95) NR

All welds where the materials being
joined are 11∕2 in. (38mm) and less

3∕4 in. (19 mm) or less Over 0.30 … NR

All welds where the materials being
joined are 11∕2 in. (38mm) and less

Over3∕4 in. (19mm) to11∕2 in.
(38 mm)

Over 0.30 200 (95) NR

All welds in material over 11∕2 in. (38
mm)

3∕4 in. (19 mm) or less … 200 (95) NR

1 Gr. 1
[Notes (4), (5)]

All Welds 11∕2 in. (38 mm) or less … 50 (10) NR

All Welds over 11∕2 in. (38 mm) to 4 in.
(100 mm)

… 200 (95) 25 (0.64)

1 Gr. 2 and 3
[Notes (4), (5)]

All Welds 1 in. (25 mm) or less 0.30 or less 50 (10) NR

All Welds over 1 in. (25 mm) to 4 in.
(100)

0.30 or less 200 (95) 25 (0.64)

3 Gr. 1
[Notes (4), (5)]

All Welds 5∕8 in. (16 mm) or less 0.25 or less 150 (65) NR

All Welds Over 5∕8 in. (16 mm) to 1 in.
(25 mm)

0.25 or less 150 (65) 15 (0.38)

All Welds Over 1 in. (25mm) to 11∕2 in.
(38 mm)

0.25 or less 150 (65) 25 (0.64)

All Welds Over 11∕2 in. (38mm) to 4 in.
(100 mm)

0.25 or less 250 (120) 25 (0.64)

3 Gr. 3 All Welds 1∕2in. (13 mm) or less 0.25 or less 200 (95) NR
3 Gr. 3
[Notes (4), (5)]

All Welds 5∕8 in. (16 mm) or less 0.25 or less 200 (95) NR

All Welds Over 5∕8 in. (16 mm) to 1 in.
(25 mm)

0.25 or less 200 (95) 15 (0.38)

All Welds Over 1 in. (25mm) to 11∕2 in.
(38 mm)

0.25 or less 200 (95) 25 (0.64)

All Welds Over 11∕2 in. (38mm) to 4 in.
(100 mm)

0.25 or less 300(150) 25 (0.64)

4 All welds in pipes NPS 4 (DN 100) or
less or tubes with nominal O.D. 4.5
in. (114 mm) or less and
attachment welds

1∕2 in. (13 mm) or less 0.15 or less 250 (120) NR

5A, 5B, 5C All welds in pipes or tubes with
maximum specified chromium
3.00% or less, NPS 4 (DN 100) or
less pipe, and nominal O.D. 4.5 in.
(114 mm) or less tubes

1∕2 in. (13 mm) or less 0.15 or less 300 (150) NR

6 (for Type 410S)
or 7 Gr. 1 (for
Type 405)

Type 405 and 410S welded with A‐
No. 8, A‐No. 9, or F‐No. 43 filler
metal

3∕8 in. (10 mm) or less 0.08 or less … NR
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Table NF-4622.7(b)-1
Exemptions to Mandatory PWHT (Cont’d)

P-Number
(Section IX,
QW‐420) Type of Weld [Note (1)]

Nominal Thickness
(NF-4622.3)

Max. Reported
Carbon, %
[Note (2)]

Min. Preheat
Required,
°F (°C)

Minimum
Lateral

Expansion
mils (mm)
[Note (3)]

9A Gr. 1 All welds, except those listed below,
provided the procedure
qualification is made using equal
or greater thickness base material
than the production weld
[Note (6)]

5∕8 in. (16 mm) or less … 200 (95) NR

Attachment welds joining non-
pressure‐retaining material to
pressure‐retaining material over
5∕8 in. (16 mm)

1∕2 in. (13 mm) or less … 200 (95) NR

All welds in pipes NPS 4 (DN 100) or
less or tubes with nominal O.D. 4.5
in. (114 mm) and less

1∕2 in. (13 mm) or less 0.15 or less 250 (120) NR

9B Gr. 1 All welds, except those listed below,
provided the procedure
qualification is made using equal
or greater thickness base material
than the production weld
[Note (6)]

5∕8 in. (16 mm) or less … 200 (95) NR

Attachment welds joining non-
pressure‐retaining material to
pressure-retaining material over
5∕8 in. (16 mm)

1∕2 in. (13 mm) or less … 200 (95) NR

10A Gr. 1 All welds, provided the procedure
qualification is made using equal
or greater thickness base material
than the production weld

5∕8 in. (16 mm) or less … 200 (95) NR

Attachment welds joining non-
pressure‐retaining material to
pressure-retaining material over
5∕8 in. (16 mm)

1∕2 in. (13 mm) or less 0.25 or less 200 (95) NR

All welds in pipes or tubes to
pressure-retaining material over
5∕8 in. (16 mm)

1∕2 in. (13 mm) or less 0.25 or less 200 (95) NR

10C Gr. 1 All welds in materials 11∕2
in. (38 mm) and less

11∕4 in. (32 mm) or less 0.30 or less … NR

Attachment welds joining non-
pressure‐retaining material to
pressure-retaining material over
11∕4 in. (32 mm)

Over 11∕4 in. (32 mm)
to 11∕2 in. (38 mm)

… 200 (95) NR

1∕2 in. (13 mm) or less … 200 (95) NR

Groove or fillet welds attaching
nozzle connections not over 2
in. (50 mm) finished I.D. in
material over 11∕4 in. (32 mm),
provided ligaments do not require
an increased shell or head
thickness

1∕2 in. (13 mm) or less … 200 (95) NR

10I Gr. 1 All welds in material 1∕2 in. (13 mm)
and less

1∕2 in. (13 mm) or less … … NR

11A Gr. 1 All welds in material 1∕2 in. (13 mm)
and less

1∕2 in. (13 mm) or less … … NR

11A Gr. 4 All welds in material 1∕2 in. (13 mm)
and less

1∕2 in. (13 mm) or less … 250 (120) NR
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NF-4700 REQUIREMENTS FOR BOLTED
CONSTRUCTION

NF-4710 BOLTING AND THREADING

NF-4711 Thread Engagement

The threads of all bolts or studs shall be engaged for the
full length of thread in the load carrying nut unless other-
wise specified in the Design Documents.

NF-4712 Thread Lubricants

Any lubricant or compoundused in threaded joints shall
be suitable for the service conditions and shall not react
unfavorably with any support element material. Contact
surfaces within friction-type joints shall be free of lubri-
cants.

NF-4713 Removal of Thread Lubricants

All threading lubricantsor compoundsshall be removed
from surfaces which are to be welded.

NF-4720 BOLTING

NF-4721 ð23ÞBolt Holes

For the purpose of this Article, high-strength bolts shall
be considered those with specified minimum yield
strength greater than 80 ksi (550 MPa). Bolt holes
shall meet the requirements of (a) through (e).

(a) Holes for nonfitted bolts shall meet the require-
ments of Table NF-4721(a)-1. For anchor bolts set in
concreteor concrete expansionanchor, thehole sizes indi-
cated in this Subsection may be increased by 1∕16 in. (1.5
mm). When the bolt hole size is 1∕8 in. (3 mm) larger than
the bolt, and the bolt is 1∕2 in. (13mm) or smaller, standard
washers shall be used.

(b) Oversized or slotted bolt holes may be used with
high-strength bolts 1∕2 in. (13mm) in diameter and larger,
except as restricted in (1), (2), and (3).

(1) Oversized holes shall not exceed the require-
ments of Table NF-4721(b)-1. They may be used in
any or all plies of friction-type connections. Hardened
washers shall be installed over exposed oversized holes.

Table NF-4622.7(b)-1
Exemptions to Mandatory PWHT (Cont’d)

P-Number
(Section IX,
QW‐420) Type of Weld [Note (1)]

Nominal Thickness
(NF-4622.3)

Max. Reported
Carbon, %
[Note (2)]

Min. Preheat
Required,
°F (°C)

Minimum
Lateral

Expansion
mils (mm)
[Note (3)]

11BGr. 1 through
Gr. 10

All welds in materials 1∕2 in. (13 mm)
and less

1∕2 in. (13 mm) or less … … NR

GENERAL NOTE: The exemptions noted in this table do not apply to the following:
(a) electron beam welds in ferritic materials over 1∕8 in. (3 mm) in thickness
(b) inertia and frictionwelds inmaterial of any thickness ofP‐No. 3, P‐No. 4, P‐No. 5, P‐No. 7 (except forTypes405and410S), P‐No. 10, and

P‐No. 11 materials

NOTES:
(1) Where the thickness of material is identified in the Type ofWeld column, it is the thickness of the thicker of the basematerials at the welded

joint.
(2) Carbon level of the materials being joined.
(3) Impact testing is requiredwhere lateral expansion values are listed, and shall be performed in accordancewith the requirements ofNF-2300,

NF-2400, andNF-4335.When impact testing is required, the basematerial, heat affected zone, andweld shall be tested.“NR” indicates impact
testing is not required.

(4) In addition to the requirements of NF-5120, magnetic particle or liquid penetrant examination shall be performed at ambient temperature
after sufficient time (no sooner than 48 hr after reaching ambient temperature).

(5) Carbon and low alloy steel electrodes shall be supplied with a diffusible hydrogen limit of H4 for SMAW electrodes and H8 for flux cored
electrodes.

(6) Weld Procedure Qualification coupon need not exceed 1.5 in. (38 mm) in thickness.

Table NF-4622.7(b)-2
ð23Þ Additional Exemptions to Mandatory PWHT

DELETED

Table NF-4721(a)-1
Bolt Hole Sizes

Bolt Size Hole Size
≤1 in. (25 mm) Bolt diameterplus 1∕16 in. (1.5mm)
11∕8 in. to 2 in. (28 mm to 50 mm) Bolt diameter plus 1∕8 in. (3 mm)
>2 in. (50 mm) Bolt diameter plus 3∕16 in. (5 mm)
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(2) Short-slotted holes shall not be wider than
permitted by (a) and shall not have a length exceeding
the oversize diameter allowed in (1) by more than 1∕16
in. (1.5 mm). They may be used in any or all plies of fric-
tion-type or bearing-type connections. The slots may be
usedwithout regard todirectionof loading in friction-type
connections, but shall be normal to the direction of the
load in bearing-type connections. Hardened washers
shall be installed over exposed short-slotted holes.

(3) Long-slotted holes shall not be wider than
permitted by (a) and shall not have a length which
exceeds 21∕2 times the bolt diameter. In friction-type
connections, the long-slotted holes may be used
without regard to direction of loading, provided the
stress on the bolts does not exceed 75% of the allowable
working stress given in Article NF-3000. In bearing-type
connections, the long diameter of the slot shall be normal
to the direction of loading. Long-slotted holesmay be used
in only one of the connected parts of either a friction-type
or bearing-type connection at an individual faying surface.
Structural plate washers or a continuous bar not less than
5∕16 in. (8mm) in thickness shall be used to cover long slots
that are in the outer plies of joints. These washers or bars
shall have a size sufficient to cover the slot completely
after installation and shall meet the requirements of
Article NF-3000.

(c) Except as specified in (d), holes may be punched,
provided the thickness of the material is not greater
than the nominal diameter of the bolt plus 1∕8 in. (3
mm). When the thickness of the material is greater
than the nominal diameter of the bolt plus 1∕8 in. (3
mm), holes shall be drilled, subpunched, and reamed,
or thermally cut. Thermal cutting shall not be used
unless the load-bearing surfaces are machined or
ground smooth. For subpunched holes, the die shall be
at least 1∕16 in. (1.5mm) smaller than thenominal diameter
of the bolt.

(d) Bolt holes in material over 1∕2 in. (13 mm) thick
having a specified minimum yield strength greater
than 80 ksi (550 MPa) shall be drilled.

(e) For bolts not subjected to shear, the limits for over-
sizedandslottedholes in (b)maybe increased if structural
platewashers or continuous barswhichmeet the require-
ments of Article NF-3000 are provided.

NF-4722 Bolted Connections

(a) Surfaces of bolted parts in contact with the bolt
head and nut shall not have a slope of more than 1:20
with respect to a plane normal to the bolt axis. Where
the surface of high-strength bolted part has a slope of
more than1:20, abeveledwasher shall beused to compen-
sate for the lack of parallelism.

(b) Bolts loaded in pure shear shall not have threads
located in the load-bearing part of the shank unless
permitted by the Design Specifications.

NF-4723 Precautions Before Bolting

All parts assembled for bolting shall have contact
surfaces free from scale, chips, or other deleterious mate-
rial. Surfaces and edges to be joined shall be smooth,
uniform, and free from fins, tears, cracks, and other
defects which would degrade the strength of the joint.

NF-4724 Bolt Tension

All high-strength structural bolts shall be preloaded to a
value not less than that given in the Design Specifications.
Preloading shall be monitored by the turn of nut method,
by properly calibrated wrenches, by load indicating
washers, or by direct extension indicators. Bolts
preloaded by means of a calibrated wrench shall be
installed with a hardened washer under the nut or
bolt head, whichever is the element turned in preloading.
Hardened washers are required under the bolt head and
the nut when the direct extension or load indicating
washer method is used. Hardened washers are not
required when bolts are preloaded by the turn of nut
method, except that hardened washers are required
under the nut and bolt head when the bolts are used
to connect material having a specified yield strength
less than 40 ksi (270 MPa).

NF-4725 Locking Devices

NF-4725.1 ð23ÞTypes of Locking Devices. Threaded
fasteners shall be provided with locking devices to
prevent loosening during service. Elastic stop nuts and
thread locking compounds (when compatible with
service conditions), lock nuts, including full or jam,
slotted, drilled and wired, free spinning and prevailing
torque are all acceptable locking devices. Upset
threads by cold working or tack welding may serve as
locking devices.Weldersmaking suchwelds shall be qual-
ified for the process to be used, and a WPS shall be
followed, but it is not necessary to qualify the WPS.
Thewelds shall be visually examined andbe free of cracks.
Internally and externally toothedwashers, and disk and

helical spring lock washers shall not be used as locking
devices.

Table NF-4721(b)-1
Tolerances on Oversized Holes

Bolt Size Hole Size
≤1∕2 in. (13 mm) Bolt diameter plus 1∕8 in. (3 mm)
>1∕2 in. (13mm) and <1 in. (25mm) Bolt diameter plus 3∕16 in. (5mm)
1 in. (25 mm) Bolt diameter plus 1∕4 in. (6 mm)
>1 in. (25 mm) Bolt diameter plus 5∕16 in. (8mm)
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NF-4725.2 Preloading of High-Strength Fasteners.
Preloading threaded fasteners made of material with a
yield strength of 80 ksi (550 MPa) or greater, loaded
in tension, to a value at least 20% above the maximum
load on the fastener for the specified loading conditions,
limited to 70% of the specified minimum tensile strength
of the fastener material satisfies the requirement for
locking.

NF-4725.3 Preloading of Non-High-Strength
Fasteners. When locking devices cannot be installed
because of assembly geometry, preloading of the threaded
fasteners in an assembly with fastener material of a yield

strength below 80 ksi (550 MPa) is an acceptable method
for locking provided the resulting preload is at least 20%
above the maximum load on the fastener for the specified
loading conditions, but is limited to 70% of the specified
minimum tensile strength of the fastener. The threaded
assembly shall be tested for the dynamic loading condi-
tions specified in the Design Specification, and the estab-
lished preload shall be verified on the assembly by
properly calibratedwrenches, direct extension indicators,
or the turn of the nut method. The results of the test,
required preload, and specified thread lubrication shall
be provided in the Design Report.
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ARTICLE NF-5000
EXAMINATION

NF-5100 GENERAL REQUIREMENTS FOR
EXAMINATION

NF-5110 PROCEDURES, QUALIFICATIONS, AND
EVALUATIONS

NF-5111 General Requirements

Nondestructive examinations shall be conducted in
accordance with the examination methods of Section V,
except as they may be modified by the requirements of
this Article. Radiographic examination shall be in accor-
dance with Section V, Article 2, except that the geometric
unsharpness shall not exceed the limits of Section V,
Article 2, T-274.2. Ultrasonic examination shall be in
accordance with Section V, Article 4; magnetic particle
examination shall be in accordance with Section V,
Article 7; liquid penetrant examination shall be in accor-
dance with Section V, Article 6; and visual examination
shall be in accordancewith Section V, Article 9. The exam-
inations required by this Article or by reference to this
Article shall be performed by personnel who have
been qualified as required by this Article. The results
of the examinations shall be evaluated in accordance
with the acceptance standards of this Article.

NF-5112 Nondestructive Examination Procedures

All nondestructive examinations required by this
Article shall be performed in accordance with detailed
written procedures which have been proven by actual
demonstration to the satisfaction of a Level III Examiner.
The procedures shall comply with the appropriate Article
of Section V for the particular examination method. The
digitization of radiographic film and radioscopic images
shall meet the requirements of Section V, Article 2, Man-
datory Appendix III, “Digital Image Acquisition, Display
and Storage for Radiography and Radioscopy.” Written
procedures and records of demonstration of procedure
capability and personnel qualification shall bemaintained
on file as detailed in the Certificate Holder’s Quality
Program. At least one copy of the procedure shall be
readily available to all applicable nondestructive exami-
nation personnel for reference and use.

NF-5113 Post-Examination Cleaning

Following any nondestructive examination in which
examination material is applied to the piece, the piece
shall be thoroughly cleaned in accordancewith applicable
material or procedure specifications.

NF-5114 Rounding-Off of Weld Measurements

In order to properly evaluate specified dimensional
sizes, measurements shall be rounded off to the
nearest 1∕32 in. (0.8 mm) for undercut and 1∕16 in. (1.5
mm) for weld size. Other dimensions of welds shall be
rounded off to the nearest 1∕8 in. (3 mm) or as otherwise
specified in the design documents.

NF-5120 TIME OF EXAMINATION OF WELDS

Examinations of welds required by NF-5200 shall be
performed at the times stipulated in (a) and (b) during
fabrication and installation.

(a) Radiography of welds may be performed prior to
any postweld heat treatment.

(b) Magnetic particle or liquid penetrant examination
shall be performed after any postweld heat treatment,
except that welds in P-No. 1 material may be examined
before or after postweld heat treatment.

NF-5200 REQUIREDEXAMINATIONOFWELDS

NF-5210 EXAMINATION OF CLASS 1 SUPPORT
WELDS

NF-5211 Scope

The requirements of this subsubarticle shall apply to all
Class 1 supports except that supports for Class 1 piping,
NPS 2 (DN 50) and less, may be examined by the rules of
NF-5220.

NF-5212 Primary Member Welded Joints

(a) All full penetration butt-welded joints in primary
members shall be examined by the radiographic method.

(b) All otherwelded joints inprimarymembers shall be
examined by the liquid penetrant or magnetic particle
method, except that the exposed ends of welds need
only be visually examined.
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NF-5213 Secondary Member Welded Joints

All welded joints in secondary members shall be exam-
ined by the visual method.

NF-5214 Special Requirements

For weldments that impose loads in the through thick-
ness direction of primary members 1 in. and greater in
thickness, the base material beneath the weld shall be
ultrasonically examined, when required by NF-4440,
over 100% of the referenced area using the procedure
of SA-577 or SA-578, as detailed in Section V to the accep-
tance standards of NF-5332, except that a calibration
block representative of the primary member shall be
used. The block for straight beam examination shall
have 1∕4 in. (6 mm) diameter flat-bottomed holes at
one-fourth, one-half, and three-fourths of the thickness
of thememberbeingwelded, fromwhich adistance ampli-
tude curve shall be established.

NF-5215 Special Exceptions

When the joint detail does not permit radiographic
examination to be performed in accordance with this
Article, ultrasonic examination plus liquid penetrant or
magnetic particle examination of the completed weld
may be substituted for the radiographic examination.
The absence of suitable radiographic equipment shall
not be justification for such substitution. The substitution
of ultrasonic examination can be made, provided the
examination is performed using a detailed written proce-
dure that has been proven by actual demonstration to the
satisfaction of the Inspector as capable of detecting and
locating defects described in this Subsection. The proce-
dure shall complywith the appropriateArticle of SectionV
for the particular examination method. The nondestruc-
tive examinations shall be in accordance with NF-5110
and meet the acceptance standards of NF-5300.

NF-5220 EXAMINATION OF CLASS 2 AND MC
SUPPORT WELDS

NF-5221 Primary Member Welded Joints

(a) All butt-welded joints in primary members shall be
examined by the liquid penetrant or magnetic particle
method.

(b) All partial penetration or fillet welds in primary
members that have a groove depth or throat dimensions
greater than 1 in. (25 mm) and T-welded joints welded
with throat dimensions of 1∕2 in. (13 mm) or greater shall
be examined by the liquid penetrant or magnetic particle
method, except that the exposed ends of welds need only
be visually examined.

(c) All primarywelds exclusiveof thosedescribed in (a)
and (b) shall be examined by the visual method.

NF-5222 Secondary Member Welded Joints

All welded joints in secondary members shall be exam-
ined by the visual method.

NF-5224 Special Requirements

For weldments that impose loads in the through thick-
ness direction of primary members 1 in. (25 mm) and
greater in thickness, the base material beneath the
weld shall be ultrasonically examined, when required
by NF-4440, over 100% of the referenced area using
the procedure of SA-577 or SA-578, as detailed in
Section V to the acceptance standards of NF-5332,
except that a calibration block representative of the
primary member shall be used. The block for straight
beam examination shall have 1∕4 in. (6 mm) diameter
flat-bottomed holes at one-fourth, one-half, and three-
fourths of the thickness of the member being welded,
from which a distance amplitude curve shall be estab-
lished.

NF-5230 EXAMINATION OF CLASS 3 SUPPORT
WELDS

NF-5231 Primary Member Welded Joints

(a) Primary member welded joints that have a groove
depth or throat dimension greater than1 in. (25mm) shall
be examined by the liquid penetrant or magnetic particle
method, except that the exposed ends of welds need only
be visually examined.

(b) Primary welded joints exclusive of those described
in (a) shall be examined by the visual method.

NF-5232 Secondary Member Welded Joints

All welded joints in secondary members shall be exam-
ined by the visual method.

NF-5234 Special Requirements

For weldments that impose loads in the through thick-
ness direction of primary members 1 in. (25 mm) and
greater in thickness, the base material beneath the
weld shall be ultrasonically examined, when required
by NF-4440, over 100% of the referenced area using
the procedure of SA-577 or SA-578, as detailed in
Section V to the acceptance standards of NF-5332,
except that a calibration block representative of the
primary member shall be used. The block for straight
beam examination shall have 1∕4 in. (6 mm) diameter
flat-bottomed holes at one-fourth, one-half, and three-
fourths of the thickness of the member being welded,
from which a distance amplitude curve shall be estab-
lished.
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NF-5240 INERTIA AND CONTINUOUS DRIVE
FRICTION WELDS

(a) When radiographic examination is required by this
Article, inertia and continuous drive friction welds shall
also be examined by the ultrasonic method to verify
bonding over the entire area.

(b) The materials used shall be those assigned a P-
Number by Section IX, but shall not include rimmed or
semikilled steel.

(c) One of the two parts to be joined must be held in a
fixed position and the other part rotated. The two faces to
be joined must be symmetrical with respect to the axis of
rotation.

(d) The weld between the two members shall be a full
penetration weld.

NF-5300 ACCEPTANCE STANDARDS

NF-5320 RADIOGRAPHIC ACCEPTANCE
STANDARDS

NF-5321ð23Þ Evaluation of Indications

Indications shown on the radiographs of welds and
characterized as imperfections are unacceptable under
the following conditions:

(a) any indication characterized as a crack or zone of
incomplete fusion or penetration

(b) any other elongated indication which has a length
greater than

(1) 1∕4 in. (6 mm) for t up to 3∕4 in. (19 mm), inclusive
(2) 1∕3t for t from 3∕4 in. (19 mm) to 21∕4 in. (56 mm),

inclusive
(3) 3∕4 in. (19 mm) for t over 21∕4 in. (56 mm)
where t is the thickness of the thinner portion of the

weld
(c) internal root weld conditions are acceptable when

the density change as indicated in the radiograph is not
abrupt; elongated indications on the radiograph at either
edge of such conditions shall be unacceptable, as provided
in (b)

(d) any group of aligned indications (excluding nonre-
levant indications) having an aggregate length greater
than t in a length of 12t unless the minimum distance
between successive indications exceeds 6L, in which
case the aggregate length is unlimited, L being the
length of the largest indication

(e) rounded indications are not a factor in the accept-
ability of welds that are radiographed

NF-5330 ULTRASONIC ACCEPTANCE STANDARDS

All imperfections which produce a response greater
than 20% of the reference level shall be investigated
to the extent that the operator can determine the
shape, identity, and location of all such imperfections

and evaluate them in terms of the acceptance standards
as given in (a) and (b).

(a) Imperfections are unacceptable if the indications
exceed the reference level amplitude and have lengths
exceeding

(1) 1∕4 in. (6 mm) for t up to 3∕4 in. (19 mm), inclusive
(2) 1∕3t for t from 3∕4 in. (19 mm) to 21∕4 in. (56 mm),

inclusive
(3) 3∕4 in. (19mm) for t over 21∕4 in. (56mm) where t

is the thickness of theweld being examined; if aweld joins
twomembers having different thicknesses at theweld, t is
the thinner of these two thicknesses.

(b) Indications characterized as cracks, lack of fusion,
or incomplete penetration are unacceptable regardless of
length.

NF-5332 Acceptance Standards for Laminar
Indications

Any indicationdetected in thebasematerial beneath the
weld which is of a laminar type is unacceptable if the indi-
cation cannot be contained within a circle having a
diameter equal to one-half of the thickness of the
thinner of the members joined.

NF-5340 MAGNETIC PARTICLE ACCEPTANCE
STANDARDS

NF-5341 Evaluation of Indications

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

(b) Any indication which is believed to be nonrelevant
shall be reexamined by the same or other nondestructive
examination methods to verify whether or not actual
defects are present. Surface conditioning may precede
the reexamination. After an indication has been verified
tobenonrelevant, it is not necessary to reinvestigate repe-
titive nonrelevant indications of the same type. Nonrele-
vant indications which would mask defects are
unacceptable.

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

NF-5342 Acceptance Standards

(a) Only imperfections producing indications with
major dimensions greater than 1∕16 in. (1.5 mm) are
required to be evaluated for acceptance.

(b) Imperfections producing the following indications
are unacceptable:
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(1) linear indications with dimensions greater than
1∕16 in. (1.5 mm)

(2) rounded indications with dimensions greater
than 3∕16 in. (5 mm)

(3) four or more rounded indications in a line sepa-
rated by 1∕16 in. (1.5 mm) or less edge to edge

(4) ten or more rounded indications in any 6 in.2
(4000 mm2) of surface with the major dimension of
this area not to exceed 6 in. (150 mm), with the area
taken in themost unfavorable location relative to the indi-
cations being evaluated

NF-5350 LIQUID PENETRANT ACCEPTANCE
STANDARDS

NF-5351 Evaluation of Indications

(a) Mechanical discontinuities at the surface are
revealed by bleeding out of the penetrant; however, loca-
lized surface discontinuities such as may occur from
machining marks or surface conditions may produce
similar indications which are not relevant.

(b) Any indication which is believed to be nonrelevant
shall be reexamined toverifywhetherornot actual defects
are present. Surface conditioning may precede the reex-
amination. Nonrelevant indications and broad areas of
pigmentation which would mask defects are unaccept-
able.

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

NF-5352 Acceptance Standards

(a) Only imperfections producing indications with
major dimensions greater than 1∕16 in. (1.5 mm) are
required to be evaluated for acceptance.

(b) Imperfections producing the following indications
are unacceptable:

(1) linear indications with dimensions greater than
1∕16 in. (1.5 mm)

(2) rounded indications with dimensions greater
than 3∕16 in. (5 mm)

(3) four or more rounded indications in a line sepa-
rated by 1∕16 in. (1.5 mm) or less edge to edge

(4) ten or more rounded indications in any 6 in.2
(4000 mm2) of surface with the major dimensions of
this area not to exceed 6 in. (150 mm), with the area
taken in themost unfavorable location relative to the indi-
cations being evaluated

NF-5360 VISUAL ACCEPTANCE STANDARDS

When visual examination is performed in accordance
with NF-5200, the acceptance standards shall be in accor-
dance with the following:

(a) Cracks are unacceptable.
(b) A fillet weld is permitted to be less than the size

specified by 1∕16 in. (1.5 mm) for one-fourth the length
of the weld. Oversized fillet welds are acceptable if the
oversized weld does not interfere with mating parts.

(c) In filletwelds, incomplete fusionof 3∕8 in. (10mm) in
any4 in. (100mm)segment, and1∕4 in. (6mm) inwelds less
than 4 in. (100 mm) long, is acceptable. For groove welds,
incomplete fusion is not acceptable. For fillet and groove
welds, rounded end conditions that occur in welding
(starts and stops) shall not be considered indications
of incomplete fusion and are irrelevant.

(d) Overlap is acceptable provided the criteria forweld
size and fusion canbe satisfied.When fusion in theoverlap
length cannot be verified, an overlap length of 3∕8 in. (10
mm) in any 4 in. (100 mm) segment, and 1∕4 in. (6 mm) in
welds less than 4 in. (100 mm) long, is acceptable.

(e) Craters are acceptable when the criteria for weld
size are met. Craters that occur outside the specified
weld length are irrelevant provided there are no cracks.

(f) Requirements for acceptability of undercuts are as
follows:

(1) For material 3∕8 in. (10 mm) and less nominal
thickness, undercut depth of 1∕32 in. (0.8 mm) on one
side of the member for the full length of the weld, or
1∕32 in. (0.8 mm) on one side for one-half the length of
the weld, and 1∕16 in. (1.5 mm) for one-fourth the
length of the weld on the same side of the member is ac-
ceptable. For members welded on both sides where
undercut exists in the same plane of a member, the cumu-
lative lengths of undercut are limited to the lengths of
undercut allowed on one side. Melt-through that
results in a hole in the base metal is unacceptable.

(2) Formaterial greater than 3∕8 in. (10mm) nominal
thickness, undercut depth of 1∕32 in. (0.8 mm) for the full
length of the weld and 1∕16 in. (1.5 mm) for one-fourth the
length of the weld on both sides of the member is accept-
able.When eitherwelds or undercut exist only on one side
of the member or are not in the same plane, the allowable
undercut depth of 1∕32 in. (0.8 mm) may be increased to
1∕16 in.(1.5 mm) for the full length of the weld.

(g) Only surface porosity whose major surface dimen-
sion exceeds 1∕16 in. (1.5mm) shall be considered relevant.
Fillet and groove welds that contain surface porosity are
unacceptable if

(1) the sumof diameters of randomporosity exceeds
3∕8 in. (10mm) in any linear inch of weld or 3∕4 in. (19mm)
in any 12 in. (300 mm) of weld or

(2) four or more pores are aligned and the pores are
separated by 1∕16 in. (1.5 mm) or less, edge to edge
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(h) The length and location of welds shall be as speci-
fiedon thedetail drawing, except thatweld lengthsmaybe
longer than specified. For weld lengths less than 3 in.
(75 mm), the permissible underlength is 1∕8 in. (3 mm),
and for welds 3 in. (75 mm) and longer, the permissible
underlength is 1∕4 in. (6 mm). Intermittent welds shall be
spaced within 1 in. (25 mm) of the specified location.

(i) Arc strikes and associated blemishes on the weld or
in thebasematerial are acceptableprovidedno cracking is
visually detected.

(j) Slagwhosemajor surface dimension is 1∕8 in. (3mm)
or less is irrelevant. Isolated surface slag that remains
after weld cleaning and does not exceed 1∕4 in. (6 mm)
in its major surface dimension is acceptable. [Slag is
considered to be isolated when it does not occur more
frequently than once per weld or more than once in a
3 in. (75 mm) weld segment.] Spatter remaining after
the cleaning operation is acceptable.

NF-5500 QUALIFICATIONS AND
CERTIFICATION OF
NONDESTRUCTIVE EXAMINATION
PERSONNEL

NF-5510ð23Þ GENERAL REQUIREMENTS

Organizations performing Code required nondestruc-
tive examinations shall use personnel competent and
knowledgeable to the degree specified by NF-5520 or
NF-5540. When these services are subcontracted by
the Certificate Holder or Quality System Certificate
Holder, it shall verify the qualification of personnel to
the requirements of NF-5520 or NF-5540. All nondestruc-
tive examinations required by this Subsection shall be
performed by and the results evaluated by qualified
nondestructive examination personnel.

NF-5520 PERSONNEL QUALIFICATION,
CERTIFICATION, AND VERIFICATION

NF-5521ð23Þ Qualification Procedure

(a) Personnel performing nondestructive examina-
tions shall be qualified in accordance with the recom-
mended guidelines of SNT-TC-1A.7, 8 The ACCP Level II
and III provisions for qualification and certification
and theASNTadministeredLevel II certification provision
for qualification and certification of NDE personnel shall
not be used for Section III. The Employer’s9 written prac-
tice required by paragraph 5 of SNT-TC-1A shall identify
Employer requirements relative to the recommended
guidelines. The recommended guidelines of SNT-TC-1A
shall be considered minimum requirements except as
modified in (1) through (5).

(1) Qualification of level III nondestructive examina-
tion personnel shall be by examination.

(-a) The basic and method examinations, paras.
8.8.1 and 8.8.2 of SNT-TC-1A, may be prepared and admi-
nistered by the Employer, ASNT, or an outside agency.

(-b) The specific examinations, para. 8.8.3 of SNT-
TC-1A, shall be prepared and administered by the
Employer or an outside Agency. The employer or
outside agency administering the specific examination
shall identify the minimum grade requirement in a
written program when the basic and method examina-
tions have been administered by ASNT which issues
grades on a pass/fail basis. In this case, the minimum
grade for the specific examination may not be less
than 80%.

(2) The written practice identified in paragraph 5 of
SNT-TC-1A and the procedures used for examination of
personnel shall be referenced in the Employer’s
Quality Program.

(3) The number of hours of training and experience
for nondestructive examination personnel who perform
only one operation of a nondestructive examination
method that consists of more than one operation, or
perform a nondestructive examination of limited scope,
may be less than that recommended in Table 6.3.1 A of
SNT-TC-1A. The training and experience times shall be
described in the written practice and any limitations
or restrictions placed on the certification shall be
described in the written practice and on the certificate.

(-a) The minimum classroom training times for
v i s u a l e x am ina t i on pe r sonne l i d en t i f i e d i n
Table 6.3.1 A of SNT-TC-1A for Level II certification
may be reduced from 16 hr to 8 hr.

(4) For the near-vision acuity examination, the
Jaeger Number 1 letters shall be used in lieu of the
Jaeger Number 2 letters specified in paragraph 8.2.1 of
SNT-TC-1A. The use of equivalent type and size letters
is permitted.

(5) An NDE Level I individual shall be qualified to
properly perform specific setups, specific calibrations,
specific NDE, and specific evaluations for acceptance or
rejection determinations according to written instruc-
tions and to record results. The NDE Level I individual
shall receive the necessary instruction and supervision
from a certified NDE Level II or Level III individual. A
Level I individual may independently accept the results
of nondestructive examinations when the specific accep-
tance criteria are defined in the written instructions.

(b) For nondestructive examination methods not
covered by SNT-TC-1A documents, personnel shall be
qualified to comparable levels of competency by subjec-
tion to comparable examinationson theparticularmethod
involved.

(c) The emphasis shall be on the individual’s ability to
perform the nondestructive examination in accordance
with the applicable procedure for the intended applica-
tion.
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(d) For nondestructive examination methods that
consist of more than one operation or type, it is permis-
sible to use personnel qualified to perform one or more
operations. As an example, one personmay be usedwho is
qualified to conduct radiographic examination and
another may be used who is qualified to interpret and
evaluate the radiographic film.

NF-5522 Certification of Personnel

(a) The Employer retains responsibility for the
adequacy of the program and is responsible for certifica-
tion of Level I, II, and III nondestructive examination per-
sonnel.

(b) When ASNT is the outside agency administering
the Level III basic and method examinations [see
NF-5521(a)(1)(-a)], the Employer may use a letter
from ASNT as evidence on which to base the certification.

(c) When an outside agency is the examining agent for
Level III qualification of the Employer’s personnel, the
examination results shall be includedwith the Employer’s
record.

NF-5523ð23Þ Verification of Nondestructive
Examination Personnel Certification

The Certificate Holder has the responsibility to verify
the qualification and certification of nondestructive exam-
ination personnel employed by Material Organizations

qualified by them in accordance with NCA-3315, and
subcontractors who provide nondestructive examination
services to them.

NF-5530 RECORDS

Personnel qualification records identified in para. 9.4 of
SNT-TC-1A shall be retained by the Employer.

NF-5540 ð23ÞALTERNATIVE RULES

As an alternative to the requirements of NF-5520 and
NF-5530, the use of ANSI/ASNT CP-189 is permitted.
When this alternative is used, the following requirements
apply:

(a) The ACCP Level III provisions for qualification and
certificationofNDEpersonnel shall not beused for Section
III.

(b) The Employer's procedures for control and admin-
istration of personnel training, examination, and certifica-
tion shall be referenced in the Employer's Quality
Program.

(c) NF-5523 remains applicable.
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ARTICLE NF-8000
CERTIFICATES OF AUTHORIZATION AND CERTIFICATION

DOCUMENTS

NF-8100 GENERAL REQUIREMENTS
The requirements for Certificates of Authorization and

certification documents (Certificate of Compliance and
NS-1 Certificate of Conformance) shall be as specified

in Article NCA-8000 and shall apply only to those
items fabricated under an NCA-4100 Quality Assurance
Program. Inspection by an ANI and Certification Mark
are not required for supports.
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MANDATORY APPENDIX NF-I
ADDITIONAL MATERIAL FOR SUPPORTS

ARTICLE NF-I-1000
INTRODUCTION

NF-I-1100 SCOPE
This Mandatory Appendix provides additional mate-

rials that may be used in Section III, Division 1 Class 1,
2, 3, and MC support construction.

NF-I-1200 GENERAL REQUIREMENTS
The requirements of Subsection NF shall be met except

as modified by this Appendix.
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ARTICLE NF-I-2000
MATERIALS

NF-I-2100 GENERAL
The additional materials, design stress intensity and

allowable stress values, yield strength, and tensile
strength values, listed in Table NF-I-2100-1 (U.S.
Customary Units) and Table NF-I-2100-1M (SI Units)
of this Appendix may be used in the construction of
Class 1, 2, 3, and MC supports for Section III, Division
1, in addition to those listed in Section II, Part D. Other
than the uni ts used , Tables NF- I -2100-1 and
NF-I-2100-1M are the same. The tabulated values of
tensile strength and yield strength are those suitable
for use in design calculations required by Section III, Divi-
sion 1. At temperatures above room temperature, the
values of tensile strength trend toward an average or
expected value that may be as much as 10% above the
tensile strength trend curves adjusted to the minimum
specified room temperature tensile strength. At tempera-
tures above room temperature, the yield strength values
correspond to the yield strength trend curve adjusted to
the minimum specified room temperature yield strength.
Neither the tensile strength nor the yield strength values
correspond exactly to either “average” or “minimum” as
these terms are applied to a statistical treatment of a
homogenous set of data.
Neither the ASME or ASTM material specifications nor

the rules of Section III, Division 1 require elevated
temperature testing for tensile or yield strengths of
production material for use in Code components. It is
not intended that results of such tests, if performed, be
compared with these tabulated tensile and yield strength
values for ASME Code acceptance/rejection purposes for
materials. If some elevated temperature test results on
production material appear lower than the tabulated
values by a large amount (more than the typical variability
of material, suggesting the possibility of some error),
further investigation by retest or other means should
be considered.
The applicable revisions of the ASTM specifications in

Tables NF-I-2100-1 and NF-I-2100-1M are listed in Table
NF-I-2100-2.

NF-I-2200 REQUIREMENTS

NF-I-2210

When theMaterial Grade column in Tables NF-I-2100-1
and NF-I-2100-1M references AISI grades, only materials
meeting the chemical composition requirements of the
specific AISI grades listed shall be used,with the exception
that 0.60% maximum silicon is permitted for castings.
Free machining modifications of the specific AISI
grades listedmay be used at the same design stress inten-
sities, allowable stresses, and yield strengths of the refer-
ence grades but their use is limited to 400°F (205°C)
maximum temperature.

NF-I-2220

Unless specifically exempted by Tables NF-I-2100-1
and NF-I-2100-1M, the maximum measured tensile
strength of the support material should not exceed
170 ksi (1 172 MPa), in view of the susceptibility of
high-strengthmaterials tobrittlenessandstress corrosion
cracking. Certain applications may exist where a tensile
strength value of up to 190 ksi (1310 MPa) could be
consideredacceptable for amaterial. Under this condition,
the Design Specification shall specify impact testing per
NF-2300 for the material, and shall include requirements
for the consideration of the effects of sustained loads, en-
vironment, and heat treatment on the susceptibility to
stress corrosion cracking of thesehigh-strengthmaterials.

NF-I-2230

When theASTMspecification referenced inTablesNF-I-
2100-1 and NF-I-2100-1M does not specify minimum
tensile and yield strengths, the material shall meet the
values listed under the appropriate columns.

NF-I-2240

Materials in TablesNF-I-2100-1 andNF-I-2100-1M that
are listed as an AISI compositionmay be accepted as satis-
fying the requirementsof theASTMspecificationprovided
the chemical requirements of the AISI specification are
within the specified range of the designated ASTM spec-
ification.
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Carbon Steels
A108 1015,

1018,
1020

CW … P-No. 1 1 Bar (4), (29),
(31)

40 60 Sm 16.7 16.7 16.7 16.7 … … … … … …
S 14.3 14.3 14.3 14.3 … … … … … …
Sy 32.0 29.2 28.3 27.4 … … … … … …
Su 50.0 50.0 50.0 50.0 … … … … … …

A108 1015,
1018,
1020

CW … … … Bar (2), (4),
(31)

40 60 Sm 20.0 20.0 20.0 20.0 … … … … … …
S 17.1 17.1 17.1 17.1 … … … … … …
Sy 40.0 36.5 35.4 34.2 … … … … … …
Su 60.0 60.0 60.0 60.0 … … … … … …

A108 1045 CW … … … Bar and bolt (1), (31) 100 120 Sm 40.0 40.0 40.0 40.0 … … … … … …
S 34.3 34.3 34.3 34.3 … … … … … …
Sy 100.0 91.2 88.4 85.6 … … … … … …
Su 120.0 120.0 120.0 120.0 … … … … … …

A108 1050 CW … … … Bar and bolt (1), (31) 125 140 Sm 46.7 46.7 46.7 46.7 … … … … … …
S 40.0 40.0 40.0 40.0 … … … … … …
Sy 125.0 114.0 110.5 107.0 … … … … … …
Su 140.0 140.0 140.0 140.0 … … … … … …

A108 1117 … … … … Bar (1), (31) 60 70 Sm 23.3 23.3 23.3 23.3 … … … … … …
S 20.0 20.0 20.0 20.0 … … … … … …
Sy 60.0 54.7 53.0 51.4 … … … … … …
Su 70.0 70.0 70.0 70.0 … … … … … …

A108 1141,
12L14

Cold drawn
and

tempered

… … … Bolt
3 in. max.

(1), (31) 81 105 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 81.0 73.9 71.6 69.3 … … … … … …
Su 105.0 105.0 105.0 105.0 … … … … … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Carbon Steels (Cont’d)
A108 1144 … … … … Bar (1), (31) 100 115 Sm 38.3 38.3 38.3 38.3 … … … … … …

S 32.9 32.9 32.9 32.9 … … … … … …
Sy 100.0 91.2 88.4 85.6 … … … … … …
Su 115.0 115.0 115.0 115.0 … … … … … …

A108 1144 Cold drawn
and

tempered

… … … Bolt
3 in. max.

(1), (31) 105 125 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 105.0 95.8 92.8 89.8 … … … … … …
Su 125.0 125.0 125.0 125.0 … … … … … …

A108 1144 … … … … Bolt
over 3 in. to
10 in. max.

(1), (31) 81 105 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 81.0 73.9 71.6 69.3 … … … … … …
Su 105.0 105.0 105.0 105.0 … … … … … …

A108 12L14 … … … … Bar (1) 55 65 Sm 21.7 21.7 21.7 21.7 … … … … … …
S 18.6 18.6 18.6 18.6 … … … … … …
Sy 55.0 50.2 48.6 47.1 … … … … … …
Su 65.0 65.0 65.0 65.0 … … … … … …

A228 … … … … … Wire (1), (6),
(30)

250 270 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 250.0 220.5 202.5 187.5 … … … … … …
Su 270.0 270.0 270.0 270.0 … … … … … …

A381 … … Y35 P-No. 1 1 Pipe … 35 60 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 35.0 31.9 31.0 30.0 28.3 25.9 25.6 25.2 … …
Su 60.0 60.0 60.0 60.0 … … … … … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Carbon Steels (Cont’d)
A500 B … … P-No. 1 1 Tube

(shaped)
… 46 58 Sm … … … … … … … … … …

S … … … … … … … … … …
Sy 46.0 41.9 40.8 39.4 37.2 34.0 33.3 33.1 … …
Su 58.0 58.0 58.0 58.0 … … … … … …

A500 B … … P-No. 1 1 Tube (round) … 42 58 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 42.0 38.3 37.2 35.9 33.9 31.0 30.4 30.2 … …
Su 58.0 58.0 58.0 58.0 … … … … … …

A500 C … … P-No. 1 1 Tube
(shaped)

… 50 62 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 50.0 45.6 44.3 42.9 40.4 37.0 36.3 36.0 … …
Su 62.0 62.0 62.0 62.0 … … … … … …

A500 C P-No. 1 1 Tube (round) 46 62 Sm

S … … … … … … … … … …
Sy 46.0 41.9 40.8 39.4 37.2 34.0 33.3 33.1 … …
Su 62.0 62.0 62.0 62.0 … … … … … …

A501 … … … P-No. 1 1 Tube … 36 58 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 36.0 32.8 31.9 30.8 29.1 26.6 26.1 25.9 … …
Su 58.0 58.0 58.0 58.0 … … … … … …

A513 1015 CW … P-No. 1 1 Tube (4), (29) 55 65 Sm 16.7 16.7 16.7 16.7 … … … … … …
S 14.3 14.3 14.3 14.3 … … … … … …
Sy 32.0 29.2 28.3 27.4 … … … … … …
Su 50.0 50.0 50.0 50.0 … … … … … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Carbon Steels (Cont’d)
A513 1020 CW … P-No. 1 2 Tube (4), (29) 60 70 Sm 16.7 16.7 16.7 16.7 … … … … … …

S 14.3 14.3 14.3 14.3 … … … … … …
Sy 32.0 29.2 28.3 27.4 … … … … … …
Su 50.0 50.0 50.0 50.0 … … … … … …

A513 1015 CW … … … Tube (2), (4) 55 65 Sm 21.7 21.7 21.7 21.7 … … … … … …
S 18.6 18.6 18.6 18.6 … … … … … …
Sy 55.0 50.2 48.6 47.1 … … … … … …
Su 65.0 65.0 65.0 65.0 … … … … … …

A513 1020 CW … … … Tube (2), (4) 60 70 Sm 23.3 23.3 23.3 23.3 … … … … … …
S 20.0 20.0 20.0 20.0 … … … … … …
Sy 60.0 54.7 53.0 51.4 … … … … … …
Su 70.0 70.0 70.0 70.0 … … … … … …

A513 1025 CW … P-No. 1 2 Tube (5), (29) 65 75 Sm 18.3 18.3 18.3 18.3 … … … … … …
S 15.7 15.7 15.7 15.7 … … … … … …
Sy 35.0 31.9 31.0 30.0 … … … … … …
Su 55.0 55.0 55.0 55.0 … … … … … …

A513 1026 CW … P-No. 1 3 Tube (5), (29) 70 80 Sm 18.3 18.3 18.3 18.3 … … … … … …
S 15.7 15.7 15.7 15.7 … … … … … …
Sy 35.0 31.9 31.0 30.0 … … … … … …
Su 55.0 55.0 55.0 55.0 … … … … … …

A513 1025 CW … … … Tube (2), (5) 65 75 Sm 25.0 25.0 25.0 25.0 … … … … … …
S 21.4 21.4 21.4 21.4 … … … … … …
Sy 65.0 59.3 58.5 55.6 … … … … … …
Su 75.0 75.0 75.0 75.0 … … … … … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Carbon Steels (Cont’d)
A513 1026 CW … … … Tube (2), (5) 70 80 Sm 26.7 26.7 26.7 26.7 … … … … … …

S 22.9 22.9 22.9 22.9 … … … … … …
Sy 70.0 63.8 61.9 59.8 … … … … … …
Su 80.0 80.0 80.0 80.0 … … … … … …

A519 1018,
1020,
1022

HR … P-No. 1 1 Tube … 32 50 Sm 16.7 16.7 16.7 16.7 … … … … … …
S 14.3 14.3 14.3 14.3 … … … … … …
Sy 32.0 29.2 28.3 27.4 … … … … … …
Su 50.0 50.0 50.0 50.0 … … … … … …

A519 1018,
1020,
1022

CW … P-No. 1 2 Tube (4), (29) 60 70 Sm 16.7 16.7 16.7 16.7 … … … … … …
S 14.3 14.3 14.3 14.3 … … … … … …
Sy 32.0 29.2 28.3 27.4 … … … … … …
Su 50.0 50.0 50.0 50.0 … … … … … …

A519 1018,
1020,
1022

CW … … … Tube (2), (4) 60 70 Sm 23.3 23.3 23.3 23.3 … … … … … …
S 20.0 20.0 20.0 20.0 … … … … … …
Sy 60.0 54.7 53.0 51.4 … … … … … …
Su 70.0 70.0 70.0 70.0 … … … … … …

A519 1025,
1026

HR … P-No. 1 1 Tube … 35 55 Sm 18.3 18.3 18.3 18.3 … … … … … …
S 15.7 15.7 15.7 15.7 … … … … … …
Sy 35.0 31.9 31.0 30.0 … … … … … …
Su 55.0 55.0 55.0 55.0 … … … … … …

A519 1025,
1026

CW … P-No. 1 2 Tube (3), (5),
(29)

65 75 Sm 18.3 18.3 18.3 18.3 … … … … … …
S 15.7 15.7 15.7 15.7 … … … … … …
Sy 35.0 31.9 31.0 30.0 … … … … … …
Su 55.0 55.0 55.0 55.0 … … … … … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Carbon Steels (Cont’d)
A519 1025,

1026
CW … … … Tube (2), (3),

(5)
65 75 Sm 25.0 25.0 25.0 25.0 … … … … … …

S 21.4 21.4 21.4 21.4 … … … … … …
Sy 65.0 59.3 58.5 55.6 … … … … … …
Su 75.0 75.0 75.0 75.0 … … … … … …

A521 1020,
1025,
1030

… CC S-No. 1 1 Forging (31) 30 60 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 30.0 27.3 26.6 25.7 24.3 22.2 21.8 21.6 … …
Su 60.0 60.0 60.0 60.0 … … … … … …

A521 1020,
1025,
1030

… CE S-No. 1 2 Forging (31) 37 75 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 37.0 33.7 32.8 31.7 29.9 27.4 26.9 26.6 … …
Su 75.0 75.0 75.0 75.0 … … … … … …

A521 1035,
1040

… CG … … Forging
4 in. and
under

(1), (31) 55 90 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 55.0 50.2 48.6 47.1 44.5 40.7 39.9 39.6 … …
Su 90.0 90.0 90.0 90.0 … … … … … …

A521 1035,
1040

… CG … … Forging
over 4 in. to
10 in. incl.

(1), (31) 50 85 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 50.0 45.6 44.3 42.9 40.4 37.0 36.3 36.0 … …
Su 85.0 85.0 85.0 85.0 … … … … … …

A653 33 A … S-No. 1 1 Sheet (13) 33 45 Sm 15.0 15.0 15.0 15.0 … … … … … …
S 12.9 12.9 12.9 12.9 … … … … … …
Sy 33.0 30.1 29.2 28.3 26.5 … … … … …
Su 45.0 45.0 45.0 45.0 … … … … … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Carbon Steels (Cont’d)
A668 1020,

1022,
1025,
1026,
1030

… B S-No. 1 1 Forging (8), (31) 30 60 Sm 20.0 20.0 20.0 20.0 20.0 20.0 20.0 … … …
S 17.1 17.1 17.1 17.1 … … … … … …
Sy 30.0 27.3 26.6 25.7 24.3 22.2 21.8 21.6 … …
Su 60.0 60.0 60.0 60.0 … … … … … …

A668 1035 … B … … Forging (1), (8),
(9), (31)

30 60 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 30.0 27.3 26.6 25.7 24.5 22.2 21.8 21.6 … …
Su 60.0 60.0 60.0 60.0 … … … … … …

A668 1020,
1022,
1025,
1026,
1030

… C S-No. 1 1 Forging (8), (31) 33 66 Sm 22.0 22.0 22.0 22.0 22.0 22.0 22.0 … … …
S 18.9 18.9 18.9 18.9 … … … … … …
Sy 33.0 30.1 29.2 28.3 26.5 24.4 24.1 23.8 … …
Su 66.0 66.0 66.0 66.0 … … … … … …

A668 1035 … C … … Forging (1), (8),
(9), (31)

33 66 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 33.0 30.1 29.2 28.3 26.5 24.4 24.1 23.8 … …
Su 66.0 66.0 66.0 66.0 … … … … … …

A668 1020,
1022,
1025,
1026,
1030

… D S-No. 1 2 Forging (8), (31) 37.5 75 Sm 25.0 25.0 25.0 25.0 25.0 25.0 25.0 … … …
S 21.4 21.4 21.4 21.4 … … … … … …
Sy 37.5 34.2 33.2 32.1 30.3 27.7 27.2 27.0 … …
Su 75.0 75.0 75.0 75.0 … … … … … …

A668 1035 … D … … Forging (1), (8),
(9), (31)

37.5 75 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 37.5 34.2 33.2 32.1 30.3 27.7 27.2 27.0 … …
Su 75.0 75.0 75.0 75.0 … … … … … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Carbon Steels (Cont’d)
A668 1030,

1330
… F S-No. 1 3 Forging

4 in. and
under

(7), (8),
(31)

55 90 Sm 30.0 30.0 30.0 30.0 … … … … … …
S 25.7 25.7 25.7 25.7 … … … … … …
Sy 55.0 50.2 48.6 47.1 44.5 40.7 39.9 39.6 … …
Su 90.0 90.0 90.0 90.0 … … … … … …

A668 1030,
1330

… F S-No. 1 3 Forging
over 4 in. to
10 in. incl.

(8), (31) 50 85 Sm 28.3 28.3 28.3 28.3 … … … … … …
S 24.3 24.3 24.3 24.3 … … … … … …
Sy 50.0 45.6 44.3 42.9 40.4 37.0 36.3 36.0 … …
Su 85.0 85.0 85.0 85.0 … … … … … …

A668 1035,
1040
1045

… F … … Forging
4 in. and
under

(1), (7),
(8), (9),
(31)

55 90 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 55.0 50.2 48.6 47.1 44.5 40.7 39.9 39.6 … …
Su 90.0 90.0 90.0 90.0 … … … … … …

A668 1035,
1040,
1045

… F … … Forging
over 4 in. to
10 in. incl.

(1), (8),
(9), (31)

50 85 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 50.0 45.6 44.3 42.9 40.4 37.0 36.3 36.0 … …
Su 85.0 85.0 85.0 85.0 … … … … … …

A675 75 … … S-No. 1 2 Bar (28) 37.5 75 Sm 25.0 25.0 25.0 25.0 25.0 25.0 25.0 … … …
S 21.4 21.4 21.4 21.4 … … … … … …
Sy 37.5 34.2 33.2 32.1 30.3 27.7 27.4 27.0 … …
Su 75.0 75.0 75.0 75.0 … … … … … …

Low Alloy Steels
A148 Grade 90-

60: 4130,
4320,
4330

… … S-No. 4 3 Casting (11), (19),
(31)

60 90 Sm 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 … …
S 25.7 25.7 25.7 25.7 25.7 25.7 … … … …
Sy 60.0 58.2 55.9 52.8 50.1 49.8 … … … …
Su 90.0 90.0 90.0 90.0 90.0 90.0 90.0 90.0 … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Low Alloy Steels (Cont’d)
A148 Grade

105-85:
4130,
4140,
4320,
4340

… … … … Casting (1), (17),
(31)

85 105 Sm 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 … …
S 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 … …
Sy 85.0 82.5 79.2 74.8 71.0 70.5 70.5 70.5 … …
Su 105.0 105.0 105.0 105.0 105.0 105.0 105.0 105.0 … …

A148 Grade
115-95:
4130,
4140,
4320,
4340

… … … … Casting (1), (18),
(31)

95 115 Sm 38.3 38.3 38.3 38.3 38.3 38.3 38.3 38.3 … …
S 32.9 32.9 32.9 32.9 32.9 32.9 32.9 32.9 … …
Sy 95.0 92.1 88.5 83.5 79.3 78.9 78.9 78.9 … …
Su 115.0 115.0 115.0 115.0 115.0 115.0 115.0 115.0 … …

A148 Grade
135-125:
4130,
4140,
4320,
4340

… … … … Casting (1), (31) 125 135 Sm 45.0 45.0 45.0 45.0 45.0 45.0 45.0 45.0 … …
S 38.6 38.6 38.6 38.6 38.6 38.6 38.6 38.6 … …
Sy 125.0 121.1 116.5 110.0 104.3 103.9 103.9 103.9 … …
Su 135.0 135.0 135.0 135.0 135.0 135.0 135.0 135.0 … …

A322 4150 … … … … Bar (1), (31) 100 115 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 100.0 93.5 90.2 87.8 85.1 81.4 78.9 76.0 … …
Su 115.0 115.0 115.0 115.0 115.0 115.0 115.0 115.0 … …

A434 4130,
4140,
4145,
4320,
4340,
8260

… BB … … Bar
11∕2 in. and
under

(1), (31) 90 110 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 90.0 84.1 81.3 79.0 76.6 73.3 71.0 68.4 … …
Su 110.0 110.0 110.0 110.0 110.0 110.0 110.0 110.0 … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Low Alloy Steels (Cont’d)
A434 4130,

4140,
4145,
4320,
4340,
8260

… BB … … Bar
over 11∕2 in.
to 21∕2 in.
incl.

(1), (31) 80 105 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 80.0 74.8 72.3 70.3 68.1 65.1 63.1 60.0 … …
Su 105.0 105.0 105.0 105.0 105.0 105.0 105.0 105.0 … …

A434 4130,
4140,
4145,
4320,
4340,
8260

… BB … … Bar
over 21∕2 in.
to 4 in. incl.

(1), (31) 75 100 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 75.0 70.1 67.7 65.8 63.8 61.0 59.1 57.0 … …
Su 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 … …

A434 4130,
4140,
4145,
4320,
4340,
8260

… BB … … Bar
over 4 in. to
7 in. incl.

(1), (31) 75 95 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 75.0 70.1 67.7 65.8 63.8 61.0 59.1 57.0 … …
Su 95.0 95.0 95.0 95.0 95.0 95.0 95.0 95.0 … …

A434 4130,
4140,
4145,
4320,
4340,
8260

… BB … … Bar
over 7 in. to
91∕2 in. incl.

(1), (31) 65 90 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 65.0 60.7 58.6 57.1 55.3 52.9 51.2 49.4 … …
Su 90.0 90.0 90.0 90.0 90.0 90.0 90.0 90.0 … …

A434 4130,
4140,
4145,
4320,
4340

… BC … … Bar
11∕2 in. and
under

(1), (31) 110 130 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 110.0 102.9 99.4 96.6 93.6 89.5 86.8 83.6 … …
Su 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Low Alloy Steels (Cont’d)
A434 4130,

4140,
4145,
4320,
4340

… BC … … Bar
over 11∕2 in.
to 21∕2 in.
incl.

(1), (31) 105 125 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 105.0 98.1 94.8 92.2 89.4 85.5 82.9 79.8 … …
Su 125.0 125.0 125.0 125.0 125.0 125.0 125.0 125.0 … …

A434 4130,
4140,
4145,
4320,
4340

… BC … … Bar
over 21∕2 in.
to 4 in. incl.

(1), (31) 95 115 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 95.0 88.5 85.4 83.0 80.6 77.0 74.6 72.0 … …
Su 115.0 115.0 115.0 115.0 115.0 115.0 115.0 115.0 … …

A434 4130,
4140,
4145,
4320,
4340

… BC … … Bar
over 4 in. to
7 in. incl.

(1), (31) 85 110 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 85.0 79.5 76.8 74.6 72.4 69.1 67.0 64.6 … …
Su 110.0 110.0 110.0 110.0 110.0 110.0 110.0 110.0 … …

A434 4130,
4140,
4145,
4320,
4340

… BC … … Bar
over 7 in. to
91∕2 in. incl.

(1), (31) 80 105 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 80.0 74.8 72.3 70.3 68.1 65.1 63.1 60.9 … …
Su 105.0 105.0 105.0 105.0 105.0 105.0 105.0 105.0 … …

A434 4130,
4140,
4145,
4320,
4340

… BD … … Bar
11∕2 in. and
under

(1), (31) 130 155 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 130.0 121.5 117.2 114.1 110.7 105.7 102.5 98.8 … …
Su 155.0 155.0 155.0 155.0 155.0 155.0 155.0 155.0 … …

A434 4130,
4140,
4145,
4320,
4340

… BD … … Bar
over 11∕2 in.
to 21∕2 in.
incl.

(1), (31) 120 150 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 120.0 112.1 108.4 105.2 102.1 97.6 94.6 91.1 … …
Su 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Low Alloy Steels (Cont’d)
A434 4130,

4140,
4145,
4320,
4340

… BD … … Bar
over 21∕2 in.
to 4 in. incl.

(1), (31) 110 140 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 110.0 102.9 99.4 96.6 93.6 89.5 86.8 83.6 … …
Su 140.0 140.0 140.0 140.0 140.0 140.0 140.0 140.0 … …

A434 4130,
4140,
4145,
4320,
4340

… BD … … Bar
over 4 in. to
7 in. incl.

(1), (31) 105 135 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 105.0 98.1 94.8 92.2 89.4 85.5 82.9 79.8 … …
Su 135.0 135.0 135.0 135.0 135.0 135.0 135.0 135.0 … …

A434 4130,
4140,
4145,
4320,
4340

… BD … … Bar
over 7 in. to
91∕2 in. incl.

(1), (31) 100 130 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 100.0 93.5 90.2 87.8 85.1 81.4 78.9 76.0 … …
Su 130.0 130.0 130.0 130.0 130.0 130.0 130.0 130.0 … …

A471 3Ni–Cr–
Mo–V

… 2 … … Forging (1), (10) 90 105 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 90.0 84.8 82.1 80.3 79.0 77.6 76.4 75.4 … …
Su 105.0 105.0 105.0 104.0 103.3 101.9 100.4 98.8 … …

A471 3Ni–Cr–
Mo–V

… 3 … … Forging (1), (10) 100 110 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 100.0 94.2 91.2 89.2 87.8 86.2 85.0 83.8 … …
Su 110.0 110.0 110.0 108.9 108.1 106.7 105.1 103.5 … …

A471 3Ni–Cr–
Mo–V

… 4 … … Forging (1), (10) 110 120 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 110.0 103.7 100.4 98.2 96.5 94.9 93.5 92.2 … …
Su 120.0 120.0 120.0 118.8 118.0 116.4 114.7 112.9 … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Low Alloy Steels (Cont’d)
A471 3Ni–Cr–

Mo–V
… 5 … … Forging (1), (10) 120 130 Sm … … … … … … … … … …

S … … … … … … … … … …
Sy 120.0 113.1 109.5 107.1 105.3 103.5 102.0 100.6 … …
Su 130.0 130.0 130.0 128.7 127.8 126.1 124.3 122.3 … …

A471 3Ni–Cr–
Mo–V

… 6 … … Forging (1), (10) 130 140 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 130.0 122.5 118.6 116.0 114.1 112.1 110.5 109.0 … …
Su 140.0 140.0 140.0 138.5 137.7 135.8 133.8 131.7 … …

A471 3Ni–Cr–
Mo–V

… 7 … … Forging (1), (10) 135 150 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 135.0 127.1 123.0 120.3 118.3 116.2 114.8 113.1 … …
Su 150.0 150.0 150.0 148.5 147.5 145.5 143.4 141.1 … …

A471 3Ni–Cr–
Mo–V

… 8 … … Forging (1), (10) 145 160 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 145.0 136.6 132.2 129.3 127.1 124.9 123.2 121.8 … …
Su 160.0 160.0 160.0 158.4 157.3 155.2 152.9 150.5 … …

A471 3Ni–Cr–
Mo–V

… 9 … … Forging (1), (10) 155 170 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 155.0 146.0 141.2 138.1 136.0 133.5 131.8 130.0 … …
Su 170.0 170.0 170.0 168.3 167.2 164.9 162.5 159.9 … …

A490 4137,
4140,
4142,
4145,
4340

1 … … … Bolt (1) 130 150 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 130.0 121.5 117.2 114.1 110.7 105.7 102.5 98.8 … …
Su 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Low Alloy Steels (Cont’d)
A514 A … … P-No. 11B 1 Plate

11∕4 in. and
less

… 100 110 Sm 36.7 36.7 36.7 36.7 36.7 36.7 36.5 35.9 … …
S 31.4 31.4 31.4 31.4 31.4 31.4 31.4 30.8 … …
Sy 100.0 95.5 92.5 89.8 87.6 85.5 84.3 83.0 … …
Su 110.0 110.0 110.0 110.0 110.0 110.0 110.0 107.7 … …

A514 B … … P-No. 11B 4 Plate
11∕4 in. and
less

… 100 110 Sm 36.7 36.7 36.7 36.7 36.7 36.7 36.5 35.9 … …
S 31.4 31.4 31.4 31.4 31.4 31.4 31.4 30.8 … …
Sy 100.0 95.5 92.5 89.8 87.6 85.5 84.3 83.0 … …
Su 110.0 110.0 110.0 110.0 110.0 110.0 110.0 107.7 … …

A514 E … … P-No. 11B 2 Plate
21∕2 in. and
less

… 100 110 Sm 36.7 36.7 36.7 36.7 36.7 36.7 36.5 35.9 … …
S 31.4 31.4 31.4 31.4 31.4 31.4 31.4 30.8 … …
Sy 100.0 95.5 92.5 89.8 87.6 85.5 84.3 83.0 … …
Su 110.0 110.0 110.0 110.0 110.0 110.0 110.0 107.7 … …

A514 F … … P-No. 11B 3 Plate
21∕2 in. and
less

… 100 110 Sm 36.7 36.7 36.7 36.7 36.7 36.7 36.5 35.9 … …
S 31.4 31.4 31.4 31.4 31.4 31.4 31.4 30.8 … …
Sy 100.0 95.5 92.5 89.8 87.6 85.5 84.3 83.0 … …
Su 110.0 110.0 110.0 110.0 110.0 110.0 110.0 107.7 … …

A514 P … … P-No. 11B 8 Plate
21∕2 in. and
less

… 100 110 Sm 36.7 36.7 36.7 36.7 36.7 36.7 36.5 35.9 … …
S 31.4 31.4 31.4 31.4 31.4 31.4 31.4 30.8 … …
Sy 100.0 95.5 92.5 89.8 87.6 85.5 84.3 83.0 … …
Su 110.0 110.0 110.0 110.0 110.0 110.0 110.0 107.7 … …

A514 Q … … P-No. 11B 9 Plate
21∕2 in. and
less

… 100 110 Sm 36.7 36.7 36.7 36.7 36.7 36.7 36.5 35.9 … …
S 31.4 31.4 31.4 31.4 31.4 31.4 31.4 30.8 … …
Sy 100.0 95.5 92.5 89.8 87.6 85.5 84.3 83.0 … …
Su 110.0 110.0 110.0 110.0 110.0 110.0 110.0 107.7 … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Low Alloy Steels (Cont’d)
A514 E … … P-No. 11B 2 Plate

over 21∕2 in.
to 6 in. incl.

… 90 100 Sm 33.3 33.3 33.3 33.3 33.3 33.3 33.2 32.6 … …
S 28.6 28.6 28.6 28.6 28.6 28.6 28.6 28.0 … …
Sy 90.0 86.0 83.3 80.8 78.8 77.0 75.9 74.7 … …
Su 100.0 100.0 100.0 100.0 100.0 100.0 100.0 97.9 … …

A514 P … … P-No. 11B 8 Plate
over 21∕2 in.
to 6 in. incl.

… 90 100 Sm 33.3 33.3 33.3 33.3 33.3 33.3 33.2 32.6 … …
S 28.6 28.6 28.6 28.6 28.6 28.6 28.6 28.0 … …
Sy 90.0 86.0 83.3 80.8 78.8 77.0 75.9 74.7 … …
Su 100.0 100.0 100.0 100.0 100.0 100.0 100.0 97.9 … …

A514 Q … … P-No. 11B 9 Plate
over 21∕2 in.
to 6 in. incl.

… 90 100 Sm 33.3 33.3 33.3 33.3 33.3 33.3 33.2 32.6 … …
S 28.6 28.6 28.6 28.6 28.6 28.6 28.6 28.0 … …
Sy 90.0 86.0 83.3 80.8 78.8 77.0 75.9 74.7 … …
Su 100.0 100.0 100.0 100.0 100.0 100.0 100.0 97.9 … …

A519 4140 4140SR … … … Tube (1) 100 120 Sm 40.0 40.0 40.0 40.0 … … … … … …
S 34.3 34.3 34.3 34.3 … … … … … …
Sy 100.0 93.5 90.2 87.8 … … … … … …
Su 120.0 120.0 120.0 120.0 … … … … … …

A519 4142 4142SR … … … Tube (1) 100 120 Sm 40.0 40.0 40.0 40.0 … … … … … …
S 34.3 34.3 34.3 34.3 … … … … … …
Sy 100.0 93.5 90.2 87.8 … … … … … …
Su 120.0 120.0 120.0 120.0 … … … … … …

A572 42 … … P-No. 1 1 Plate and
shapes

(14) 42 60 Sm 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 … …
S 17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1 … …
Sy 42.0 40.0 38.3 36.8 35.2 33.5 32.7 31.8 … …
Su 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Low Alloy Steels (Cont’d)
A572 50 … … P-No. 1 1 Plate and

shapes
(14) 50 65 Sm 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.7 … …

S 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 … …
Sy 50.0 47.5 45.6 43.8 41.8 39.9 38.9 37.9 … …
Su 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 … …

A572 55 … … P-No. 1 2 Plate and
shapes

… 55 70 Sm 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 … …
S 20.0 20.0 20.0 20.0 … … … … … …
Sy 55.0 52.3 50.2 48.2 46.0 43.9 42.8 41.7 … …
Su 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 … …

A579 5Ni–Cr–
Mo–V

12a … … … Forging (1) 140 150 Sm 50.0 49.5 48.0 47.0 47.0 47.0 46.0 44.0 … …
S 42.9 42.4 41.1 40.3 40.3 40.3 39.4 37.7 … …
Sy 140.0 138.6 134.0 129.5 127.7 126.3 123.5 117.6 … …
Su 150.0 148.5 144.0 141.0 141.0 141.0 138.0 132.0 … …

A588 A, B … … P-No. 3 1 Plate and bar
4 in. and
less, all
shapes

(7), (15) 50 70 Sm 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 … …
S 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 … …
Sy 50.0 47.5 45.6 43.0 41.8 39.9 38.9 37.9 … …
Su 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 … …

A588 A, B … … P-No. 3 1 Plate and bar
over 4 in. to
5 in. incl.

(7), (14) 46 67 Sm 22.3 22.3 22.3 22.3 22.3 22.3 22.3 22.3 … …
S 19.1 19.1 19.1 19.1 19.1 19.1 19.1 19.1 … …
Sy 46.0 43.8 41.9 40.3 38.6 36.7 35.8 34.8 … …
Su 67.0 67.0 67.0 67.0 67.0 67.0 67.0 67.0 … …

A588 A, B … … P-No. 3 1 Plate and bar
over 5 in. to
8 in. incl.

(14) 42 63 Sm 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 … …
S 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 … …
Sy 42.0 40.0 38.3 36.8 35.2 33.5 32.7 31.8 … …
Su 63.0 63.0 63.0 63.0 63.0 63.0 63.0 63.0 … …

BPVC.III.1.N
F-2023

136
ASMENORMDOC.COM : Click to view the full PDF of ASME BPVC.III.1.NF (ASME BPVC Section 3 Division 1 NF) 2023

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NF (ASME BPVC Section 3 Division 1 NF) 2023.pdf


Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Low Alloy Steels (Cont’d)
A618 Mn–Cu–V … II P-No. 1 2 Tube

3∕4 in. and
less

… 50 70 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 50.0 45.4 41.7 38.0 34.6 33.9 33.6 33.1 … …
Su 70.0 70.0 70.0 70.0 70.0 70.0 70.0 69.3 … …

A618 Mn–Cu–V … II P-No. 1 2 Tube
over 3∕4 in.
to 11∕2 in.
incl.

… 46 67 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 46.0 41.7 38.4 35.0 31.8 31.2 30.9 30.5 … …
Su 67.0 67.0 67.0 67.0 67.0 67.0 67.0 66.3 … …

A618 Mn–V … III P-No. 1 1 Tube … 50 65 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 50.0 45.4 41.7 38.0 34.6 33.9 33.6 33.1 … …
Su 65.0 65.0 65.0 65.0 65.0 65.0 65.0 64.4 … …

A633 A … … P-No. 1 1 Plate and
shapes
4 in. and
less

… 42 63 Sm 21.0 21.0 21.0 21.0 21.0 21.0 21.0 20.8 … …
S 18.0 18.0 18.0 18.0 18.0 18.0 18.0 17.8 … …
Sy 42.0 38.2 35.1 31.9 29.1 28.5 28.2 27.8 … …
Su 63.0 63.0 63.0 63.0 63.0 63.0 63.0 62.4 … …

A633 C, D … … P-No. 1 2 Plate and
shapes
21∕2 in. and
less

… 50 70 Sm 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.1 … …
S 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.8 … …
Sy 50.0 45.4 41.7 38.0 34.6 33.9 33.6 33.1 … …
Su 70.0 70.0 70.0 70.0 70.0 70.0 70.0 69.3 … …

A633 C, D … … P-No. 1 1 Plate, bar, and
shapes
over 21∕2 in.
to 4 in. incl.

… 46 65 Sm 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.5 … …
S 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.4 … …
Sy 46.0 41.8 38.4 35.0 31.8 31.2 30.9 30.4 … …
Su 65.0 65.0 65.0 65.0 65.0 65.0 65.0 64.4 … …

BPVC.III.1.N
F-2023

137
ASMENORMDOC.COM : Click to view the full PDF of ASME BPVC.III.1.NF (ASME BPVC Section 3 Division 1 NF) 2023

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NF (ASME BPVC Section 3 Division 1 NF) 2023.pdf


Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Low Alloy Steels (Cont’d)
A633 E … … P-No. 1 3 Plate

4 in. and
less, all
shapes

(3) 60 80 Sm 26.7 26.7 26.7 26.7 26.7 26.7 26.7 26.4 … …
S 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.3 … …
Sy 60.0 54.5 50.1 45.6 41.4 40.7 40.3 39.7 … …
Su 80.0 80.0 80.0 80.0 80.0 80.0 80.0 78.2 … …

A668 4130,
4320,
4330,
8620,
8630

… K S-No. 4 3 Forging
7 in. and
less

(7), (8),
(31)

80 105 Sm 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 … …
S 30.0 30.0 30.0 30.0 30.0 30.0 30.0 … … …
Sy 80.0 74.8 72.3 70.3 68.1 65.4 63.1 60.9 … …
Su 105.0 105.0 105.0 105.0 105.0 105.0 105.0 105.0 … …

A668 4130,
4320,
4330,
8620,
8630

… K S-No. 4 3 Forging
over 7 in. to
10 in. incl.

(8), (31) 75 100 Sm 33.3 33.3 33.3 33.3 33.3 33.3 33.3 33.3 … …
S 28.6 28.6 28.6 28.6 28.6 28.6 28.6 28.6 … …
Sy 75.0 70.1 67.7 65.8 63.8 61.0 59.0 57.0 … …
Su 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 … …

A668 4140,
4340

… K … … Forging
7 in. and
less

(1), (7),
(8), (9),
(16), (31)

80 105 Sm 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 … …
S 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 … …
Sy 80.0 74.8 72.3 70.3 68.1 65.1 63.1 60.9 … …
Su 105.0 105.0 105.0 105.0 105.0 105.0 105.0 105.0 … …

A668 4140,
4340

… K … … Forging
over 7 in. to
10 in. incl.

(1), (8),
(9), (16),
(31)

75 100 Sm 33.3 33.3 33.3 33.3 33.3 33.3 33.3 33.3 … …
S 28.6 28.6 28.6 28.6 28.6 28.6 28.6 28.6 … …
Sy 75.0 70.1 67.7 65.8 63.8 61.0 59.0 57.0 … …
Su 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 … …

A668 4130,
4320,
4330,
8620,
8630

… L S-No. 4 3 Forging
4 in. and
less

(7), (8),
(11), (31)

105 125 Sm 41.7 41.7 41.7 41.7 41.7 41.7 … … … …
S 35.7 35.7 35.7 35.7 35.7 35.7 … … … …
Sy 105.0 98.1 94.8 92.2 89.4 85.5 82.9 79.8 … …
Su 125.0 125.0 125.0 125.0 125.0 125.0 … … … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Low Alloy Steels (Cont’d)
A668 4130,

4320,
4330,
8620,
8630

… L S-No. 4 3 Forging
over 4 in. to
7 in. incl.

(7), (8),
(11), (31)

95 115 Sm 38.3 38.3 38.3 38.3 38.3 38.3 … … … …
S 32.9 32.9 32.9 32.9 32.9 32.9 32.9 32.9 … …
Sy 95.0 88.5 85.4 83.0 80.0 77.0 74.6 72.0 … …
Su 115.0 115.0 115.0 115.0 115.0 115.0 115.0 115.0 … …

A668 4130,
4320,
4330,
8620,
8630

… L S-No. 4 3 Forging
over 7 in. to
10 in. incl.

(8), (11),
(31)

85 110 Sm 36.7 36.7 36.7 36.7 36.7 36.7 36.7 36.7 … …
S 31.4 31.4 31.4 31.4 31.4 31.4 31.4 31.4 … …
Sy 85.0 79.5 76.8 74.6 72.4 69.1 67.0 64.6 … …
Su 110.0 110.0 110.0 110.0 110.0 110.0 110.0 110.0 … …

A668 4135 … L … … Forging
4 in. and
less

(1), (7),
(8), (9),
(31)

105 125 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 105.0 98.1 94.8 92.2 89.4 85.5 82.9 79.8 … …
Su 125.0 125.0 125.0 125.0 125.0 125.0 125.0 125.0 … …

A668 4135 … L … … Forging
over 4 in. to
7 in. incl.

(1), (7),
(8), (9),
(31)

95 115 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 95.0 88.5 85.4 83.0 80.6 77.0 74.6 72.0 … …
Su 115.0 115.0 115.0 115.0 115.0 115.0 115.0 115.0 … …

A668 4135 … L … … Forging
over 7 in. to
10 in. incl.

(1), (8),
(9), (31)

85 110 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 85.0 79.5 76.8 74.6 72.4 69.1 67.0 64.6 … …
Su 110.0 110.0 110.0 110.0 110.0 110.0 110.0 110.0 … …

A668 4140,
4340

… L … … Forging
4 in. and
less

(1), (7),
(8), (9),
(16), (31)

105 125 Sm 41.7 41.7 41.7 41.7 41.7 41.7 41.7 41.7 … …
S 35.7 35.7 35.7 35.7 35.7 35.7 35.7 35.7 … …
Sy 105.0 98.1 94.8 92.2 89.4 85.5 82.9 79.8 … …
Su 125.0 125.0 125.0 125.0 125.0 125.0 125.0 125.0 … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Low Alloy Steels (Cont’d)
A668 4140,

4340
… L … … Forging

over 4 in. to
7 in. incl.

(1), (7),
(8), (9),
(16), (31)

95 115 Sm 38.3 38.3 38.3 38.3 38.3 38.3 38.3 38.3 … …
S 32.9 32.9 32.9 32.9 32.9 32.9 32.9 32.9 … …
Sy 95.0 88.5 85.4 83.0 80.6 77.0 74.6 72.0 … …
Su 115.0 115.0 115.0 115.0 115.0 115.0 115.0 115.0 … …

A668 4140,
4340

… L … … Forging
over 7 in. to
10 in. incl.

(1), (8),
(9), (16),
(31)

85 110 Sm 36.7 36.7 36.7 36.7 36.7 36.7 36.7 36.7 … …
S 31.4 31.4 31.4 31.4 31.4 31.4 31.4 31.4 … …
Sy 85.0 79.5 76.8 74.6 72.4 69.1 67.0 64.6 … …
Su 110.0 110.0 110.0 110.0 110.0 110.0 110.0 110.0 … …

A668 4135,
4330

… M … … Forging
4 in. and
less

(1), (7),
(8), (9),
(12), (31)

120 145 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 120.0 112.1 108.4 105.2 102.1 97.6 91.6 91.1 … …
Su 145.0 145.0 145.0 145.0 145.0 145.0 145.0 145.0 … …

A668 4135,
4330

… M … … Forging
over 4 in. to
7 in. incl.

(1), (7),
(8), (9),
(12), (31)

115 140 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 115.0 107.5 103.8 101.0 98.0 93.6 90.7 87.5 … …
Su 140.0 140.0 140.0 140.0 140.0 140.0 140.0 140.0 … …

A668 4135,
4330

… M … … Forging
over 7 in. to
10 in. incl.

(1), (8),
(9), (12),
(31)

110 135 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 110.0 102.9 99.4 96.6 93.6 89.5 86.8 83.6 … …
Su 135.0 135.0 135.0 135.0 135.0 135.0 135.0 135.0 … …

A668 4140,
4340

… M … … Forging
4 in. and
less

(1), (7),
(8), (9),
(16), (31)

120 145 Sm 48.3 48.3 48.3 48.3 48.3 48.3 48.3 48.3 … …
S 41.4 41.4 41.4 41.4 41.4 41.4 41.4 41.4 … …
Sy 120.0 112.1 108.4 105.2 102.1 97.6 91.6 91.1 … …
Su 145.0 145.0 145.0 145.0 145.0 145.0 145.0 145.0 … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Low Alloy Steels (Cont’d)
A668 4140,

4340
… M … … Forging

over 4 in. to
7 in. incl.

(1), (7),
(8), (9),
(16), (31)

115 140 Sm 46.7 46.7 46.7 46.7 46.7 46.7 46.7 46.7 … …
S 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 … …
Sy 115.0 107.5 103.8 101.0 98.0 93.6 90.7 87.5 … …
Su 140.0 140.0 140.0 140.0 140.0 140.0 140.0 140.0 … …

A668 4140,
4340

… M … … Forging
over 7 in. to
10 in. incl.

(1), (8),
(9), (16),
(31)

110 135 Sm 45.0 45.0 45.0 45.0 45.0 45.0 45.0 45.0 … …
S 38.6 38.6 38.6 38.6 38.6 38.6 38.6 38.6 … …
Sy 110.0 102.9 99.4 96.6 93.6 89.5 86.8 83.6 … …
Su 135.0 135.0 135.0 135.0 135.0 135.0 135.0 135.0 … …

A668 4340 … N … … Forging
4 in. and
less

(1), (7),
(8), (9),
(16), (31)

140 170 Sm 56.7 56.7 56.7 56.7 56.7 56.7 56.7 56.7 … …
S 48.6 48.6 48.6 48.6 48.6 48.6 48.6 48.6 … …
Sy 140.0 131.0 126.3 123.0 119.1 114.0 110.4 106.3 … …
Su 170.0 170.0 170.0 170.0 170.0 170.0 170.0 170.0 … …

A668 4340 … N … … Forging
over 4 in. to
7 in. incl.

(1), (7),
(8), (9),
(16), (31)

135 165 Sm 55.0 55.0 55.0 55.0 55.0 55.0 55.0 55.0 … …
S 47.1 47.1 47.1 47.1 47.1 47.1 47.1 47.1 … …
Sy 135.0 126.1 121.9 118.5 115.0 109.9 106.5 102.7 … …
Su 165.0 165.0 165.0 165.0 165.0 165.0 165.0 165.0 … …

A668 4340 … N … … Forging
over 7 in. to
10 in. incl.

(1), (8),
(9), (16),
(31)

130 160 Sm 53.3 53.3 53.3 53.3 53.3 53.3 53.3 53.3 … …
S 45.7 45.7 45.7 45.7 45.7 45.7 45.7 45.7 … …
Sy 130.0 121.5 117.2 114.1 110.7 105.7 102.5 98.8 … …
Su 160.0 160.0 160.0 160.0 160.0 160.0 160.0 160.0 … …

A992 … … … P-No. 1 1 Shapes (14) 50 65 Sm 21.7 21.7 21.7 21.7 21.7 21.7 21.7 … … …
S 18.6 18.6 18.6 18.6 18.6 18.6 18.6 … … …
Sy 50.0 45.8 44.2 42.7 40.7 38.3 37.1 … … …
Su 65.0 65.0 65.0 65.0 65.0 65.0 65.0 … … …

BPVC.III.1.N
F-2023

141
ASMENORMDOC.COM : Click to view the full PDF of ASME BPVC.III.1.NF (ASME BPVC Section 3 Division 1 NF) 2023

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NF (ASME BPVC Section 3 Division 1 NF) 2023.pdf


Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Age-Hardening Steels
A710 A … 1 S-No. 12 1 Plate, bar, and

shapes
5∕16 in. and
less

… 85 90 Sm 30.0 30.0 30.0 30.0 30.0 30.0 … … … …
S 25.7 25.7 25.7 25.7 25.7 25.7 … … … …
Sy 85.0 80.0 77.1 74.1 71.5 69.6 … … … …
Su 90.0 90.0 90.0 90.0 90.0 90.0 … … … …

A710 A … 1 S-No. 12 1 Plate, bar, and
shapes
over 5∕16 in.
to 3∕4 in.

… 80 90 Sm 30.0 30.0 30.0 30.0 30.0 30.0 … … … …
S 25.7 25.7 25.7 25.7 25.7 25.7 … … … …
Sy 80.0 75.3 72.6 69.4 67.6 65.5 … … … …
Su 90.0 90.0 90.0 90.0 90.0 90.0 … … … …

A710 A … 2 S-No. 12 1 Plate, bar, and
shapes
1 in. and
less

… 65 72 Sm 24.0 24.0 24.0 24.0 24.0 24.0 … … … …
S 20.6 20.6 20.6 20.6 20.6 20.6 … … … …
Sy 65.0 61.1 56.5 56.8 54.9 53.2 … … … …
Su 72.0 72.0 72.0 72.0 72.0 72.0 … … … …

A710 A … 2 S-No. 12 1 Plate, bar, and
shapes
over 1 in. to
2 in.

… 60 72 Sm 24.0 24.0 24.0 24.0 24.0 24.0 … … … …
S 20.6 20.6 20.6 20.6 20.6 20.6 … … … …
Sy 60.0 56.5 54.1 52.4 50.7 49.1 … … … …
Su 72.0 72.0 72.0 72.0 72.0 72.0 … … … …

A710 A … 2 S-No. 12 1 Plate, bar, and
shapes
over 2 in. to
4 in.

… 55 65 Sm 21.7 21.7 21.7 21.7 21.7 21.7 … … … …
S 18.6 18.6 18.6 18.6 18.6 18.6 … … … …
Sy 55.0 51.8 47.6 48.1 46.5 45.0 … … … …
Su 65.0 65.0 65.0 65.0 65.0 65.0 … … … …

A710 A … 3 S-No. 12 1 Plate, bar, and
shapes
2 in. and
less

… 75 85 Sm 28.3 28.3 28.3 28.3 28.3 28.3 … … … …
S 24.3 24.3 24.3 24.3 24.3 24.3 … … … …
Sy 75.0 70.6 68.0 66.0 65.4 61.4 … … … …
Su 85.0 85.0 85.0 85.0 85.0 85.0 … … … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Age-Hardening Steels (Cont’d)
A710 A … 3 S-No. 12 1 Plate, bar, and

shapes
over 2 in. to
4 in.

… 65 75 Sm 25.0 25.0 25.0 25.0 25.0 25.0 … … … …
S 21.4 21.4 21.4 21.4 21.4 21.4 … … … …
Sy 65.0 61.2 57.0 56.6 54.7 53.2 … … … …
Su 75.0 75.0 75.0 75.0 75.0 75.0 … … … …

Martensitic Stainless Steels
A276 … 440C … … … Bar (1), (20),

(21), (24),
(30)

210 275 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 210.0 205.9 205.2 205.2 204.4 200.0 195.8 … … …
Su 275.0 275.0 275.0 274.2 269.2 261.2 255.9 … … …

A276 … 440C … … … Bar (1), (20),
(22), (24),
(25), (30)

275 285 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 275.0 … … … … … … … … …
Su 285.0 … … … … … … … … …

A276 … 420 … … … Bar (1), (23) 65 95 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 65.0 60.0 57.5 56.1 55.3 54.5 53.8 … … …
Su 95.0 95.0 95.0 94.7 … … … … … …

A582 … 416, 416Se … … … Bar (1), (26) 40 70 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 40.0 38.1 36.9 35.7 … … … … … …
Su 70.0 … … … … … … … … …

Austenitic Stainless Steels
A580 302, 304,

316, 317
… B … … Wire (1), (6) 100 125 Sm … … … … … … … … … …

S … … … … … … … … … …
Sy 100.0 83.3 75.0 69.0 … … … … … …
Su 125.0 118.3 110.0 103.7 … … … … … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Austenitic Stainless Steels (Cont’d)
A582 303 HR … … … Bar (1), (26) 30 75 Sm … … … … … … … … … …

S … … … … … … … … … …
Sy 30.0 25.0 22.5 20.7 19.4 18.2 17.9 17.7 17.3 16.0
Su 75.0 71.0 66.0 64.4 63.5 63.5 63.5 63.5 63.1 62.7

A582 303Se … … … … Bar (1), (26) 30 75 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 30.0 25.0 22.5 20.7 19.4 18.2 17.9 17.7 17.3 16.0
Su 75.0 71.0 66.0 64.4 63.5 63.5 63.5 63.5 63.1 62.7

Copper and Copper Alloys
B16 C36000 … H02 … … Bar

1∕2 in. and
less

(1) 25 57 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 25.0 … … … … … … … … …
Su 57.0 … … … … … … … … …

B16 C36000 … H02 … … Bar
over 1∕2 in.
to 1 in. incl.

(1) 25 55 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 25.0 … … … … … … … … …
Su 55.0 … … … … … … … … …

B16 C36000 … H02 … … Bar (1) 20 50 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 20.0 … … … … … … … … …
Su 50.0 … … … … … … … … …

B124 C37700 … M30 … … Forging (1) 18 50 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 18.0 16.3 14.9 14.2 … … … … … …
Su 50.0 45.5 40.0 34.0 … … … … … …
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or
AISI

Condition
Type Class P/S No.

Grp.
No.

Product
Form Notes

Min.
Yield

Strength,
ksi

Min.
Tensile
Strength,

ksi

Stress and Strength, ksi,
(Multiply by 1,000 to Obtain psi)

for Metal Temperatures, °F, Not to Exceed
100 200 300 400 500 600 650 700 750 800

Nickel Alloys
B670 50Ni–

17Cr–
Mo–Cb

… … … … Plate and
sheet

(1), (27),
(30)

150 180 Sm … … … … … … … … … …
S … … … … … … … … … …
Sy 150.0 … … … … … … … … …
Su … … … … … … … … … …

GENERAL NOTE: (a) The allowable stress values (S) are based on the revised criterion of tensile strength divided by 3.5, where applicable.

NOTES:
(1) Welding is not permitted on these materials.
(2) These values are for material that is not welded.
(3) These materials are limited for use only for standard supports.
(4) Max. BHN 215.
(5) Max. BHN 225.
(6) Thismaterialmay beused only in fully constrained applications, such as thread inserts, so that failure of thewirewould not affect the function of the support. Thismaterial is exempt from the

requirements of NF-I-2220.
(7) By agreement between Purchaser andMaterial Manufacturer, thesematerialsmay be procured to the lower specifiedminimum tensile strength andminimum yield strength values given in

this table.
(8) Foreach forging250 lband less, themarking requirementsofA668shall bemetbyasuitable codeor symbol identifiedby themanufacturer in itsCertificateofComplianceorCertifiedMaterial

Test Report.
(9) The hardness test requirement may be performed only on the tensile specimen.
(10) The minimum specified yield strength shall be taken at 0.2% offset.
(11) There is no standard AISI composition 4330. By agreement with the material manufacturer, the carbon content of AISI 4320 can be ordered as 0.27% to 0.33%.
(12) There is no standard AISI composition 4330. By agreementwith thematerial manufacturer, the carbon content of AISI 4340 can be ordered as 0.27% to 0.33%, themolybdenum as 0.40% to

0.60%, the vanadium as 0.04% to 0.10%, and the silicon to 0.35% max.
(13) Proper ventilation for the welder is required when welding on galvanized steel (Ref. ANSI Z49.1).
(14) Maximum tensile strength shall not exceed specified minimum tensile strength by more than 30 ksi, per SA-6, para. S18.
(15) Maximum tensile strength shall not exceed specified minimum tensile strength by more than 25 ksi, per SA-6, para. S18.
(16) E4340H may be used with the molybdenum range increased by agreement to 0.40% max. E4340H may be used for linear design only.
(17) The elongation and reduction of area requirements for Grade 105-85 may be specified as 14% and 30%, respectively.
(18) The elongation and reduction of area requirements for Grade 115-95 may be specified as 11% and 25%, respectively.
(19) The elongation and reduction of area requirements for this material may be specified as 17% and 35% minimum, respectively.
(20) This material may be used only in fully constrained applications, such as valve disk or flow restrictor balls or mechanical snubber parts such as gears, so that failure of these parts does not

significantly affect the function of the item. Design stresses are limited to 0.4Sy.
(21) Austenitize 1,850°F to 1,950°F, oil quench, temper at 700°F min.
(22) Austenitize 1,850°F to 1,950°F, oil quench, temper at 600°F min.
(23) Austenitize at 1,800°F minimum, rapid cool by forced air or oil, temper at 1,300°F minimum.
(24) For compressive applications, tensile testing is not required and each size and lot shall be accepted on the basis of hardness testing of three pieces. Each test specimen shallmeet RC53min. in

the final heat-treated condition.
(25) Hot finished, heat treated.
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Table NF-I-2100-1
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

NOTES: (Cont’d)
(26) For bar sizes under 1∕2 in. nominal size, this material may be ordered to A581-95b.
(27) Solution heat treated and hardened (1,325°F for 8 hr, furnace cooled to 1,150°F, held to a total of 18 hr, air cooled).
(28) Max. carbon 0.35% for welded connections.
(29) These values are for material that is welded. The Max. BNH must be met prior to welding. The stress and strength values at temperature are based on the equivalent hot rolled material.
(30) These materials are exempt from the requirements of NF-I-2220.
(31) These materials grades are AISI grades. See NF-I-2210.

BPVC.III.1.N
F-2023

146
ASMENORMDOC.COM : Click to view the full PDF of ASME BPVC.III.1.NF (ASME BPVC Section 3 Division 1 NF) 2023

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NF (ASME BPVC Section 3 Division 1 NF) 2023.pdf


Table NF-I-2100-1M
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values

Spec.
No.

Material
Grade or AISI

Condition
Type Class

P/S
No.

Grp.
No.

Product
Form Notes

Min. Yield
Strength,
MPa

Min.
Tensile
Strength,
MPa

Stress and Strength, MPa,
for Metal Temperatures, °C, Not to Exceed

38 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425

Carbon Steels

A108 1015, 1018,
1020

CW … P-
No. 1

1 Bar (4), (29),
(31)

276 414 Sm 115 115 115 115 115 115 115 115 … … … … … … … … …

S 98.6 98.6 98.6 98.6 98.6 98.6 98.6 98.6 … … … … … … … … …

Sy 221 217 208 201 198 195 192 189 … … … … … … … … …

Su 345 345 345 345 345 345 345 345 … … … … … … … … …

A108 1015, 1018,
1020

CW … … … Bar (2), (4),
(31)

276 414 Sm 138 138 138 138 138 138 138 138 … … … … … … … … …

S 118 118 118 118 118 118 118 118 … … … … … … … … …

Sy 276 271 260 251 248 244 240 237 … … … … … … … … …

Su 414 414 414 414 414 414 414 414 … … … … … … … … …

A108 1045 CW … … … Bar and bolt (1), (31) 689 827 Sm 276 276 276 276 276 276 276 276 … … … … … … … … …

S 236 236 236 236 236 236 236 236 … … … … … … … … …

Sy 689 677 650 627 618 610 601 592 … … … … … … … … …

Su 827 827 827 827 827 827 827 827 … … … … … … … … …

A108 1050 CW … … … Bar and bolt (1), (31) 862 965 Sm 322 322 322 322 322 322 322 322 … … … … … … … … …

S 276 276 276 276 276 276 276 276 … … … … … … … … …

Sy 862 846 813 784 773 762 751 740 … … … … … … … … …

Su 965 965 965 965 965 965 965 965 … … … … … … … … …

A108 1117 … … … … Bar (1), (31) 414 483 Sm 161 161 161 161 161 161 161 161 … … … … … … … … …

S 138 138 138 138 138 138 138 138 … … … … … … … … …

Sy 414 406 390 381 381 381 380 380 … … … … … … … … …

Su 483 483 483 483 483 483 483 483 … … … … … … … … …

A108 1141, 12L14 Cold drawn
and tempered

… … … Bolt
75 mm max.

(1), (31) 558 724 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 558 548 527 508 501 494 486 479 … … … … … … … … …

Su 724 724 724 724 724 724 724 724 … … … … … … … … …

A108 1144 … … … … Bar (1), (31) 689 793 Sm 264 264 264 264 264 264 264 264 … … … … … … … … …

S 227 227 227 227 227 227 227 227 … … … … … … … … …

Sy 689 677 650 627 618 610 601 592 … … … … … … … … …

Su 793 793 793 793 793 793 793 793 … … … … … … … … …

A108 1144 Cold drawn
and tempered

… … … Bolt
75 mm max.

(1), (31) 724 862 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 724 711 683 659 649 640 630 621 … … … … … … … … …

Su 862 862 862 862 862 862 862 862 … … … … … … … … …
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Table NF-I-2100-1M
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or AISI

Condition
Type Class

P/S
No.

Grp.
No.

Product
Form Notes

Min. Yield
Strength,
MPa

Min.
Tensile
Strength,
MPa

Stress and Strength, MPa,
for Metal Temperatures, °C, Not to Exceed

38 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425

Carbon Steels (Cont’d)

A108 1144 … … … … Bolt
over 75 mm
to 250 mm
max.

(1), (31) 558 724 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 558 548 527 508 501 494 486 479 … … … … … … … … …

Su 724 724 724 724 724 724 724 724 … … … … … … … … …

A108 12L14 … … … … Bar (1) 379 448 Sm 150 150 150 150 150 150 150 150 … … … … … … … … …

S 128 128 128 128 128 128 128 128 … … … … … … … … …

Sy 379 372 358 345 340 335 330 326 … … … … … … … … …

Su 448 448 448 448 448 448 448 448 … … … … … … … … …

A228 … … … … … Wire (1), (6),
(30)

1 724 1 862 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 1 724 1 681 1 592 1 509 1 453 1 396 1 349 1 302 … … … … … … … … …

Su 1 862 1 862 1 862 1 862 1 862 1 862 1 862 1 862 … … … … … … … … …

A381 … … Y35 P-
No. 1

1 Pipe … 240 415 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 240 236 227 219 217 214 211 207 200 198 191 183 178 176 … … …

Su 415 415 415 415 415 415 415 415 … … … … … … … … …

A500 B … … P-
No. 1

1 Tube
(shaped)

… 317 400 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 317 311 299 288 285 281 277 273 263 261 250 240 233 229 … … …

Su 400 400 400 400 400 400 400 400 … … … … … … … … …

A500 B … … P-
No. 1

1 Tube
(round)

… 290 400 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 290 284 273 263 260 256 252 248 240 238 228 219 212 209 … … …

Su 400 400 400 400 400 400 400 400 … … … … … … … … …

A500 C … … P-
No. 1

1 Tube
(shaped)

… 345 427 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 345 338 325 314 310 305 301 297 286 283 272 262 253 250 … … …

Su 427 427 427 427 427 427 427 427 … … … … … … … … …

A500 C … … P-
No. 1

1 Tube
(round)

… 317 427 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 317 311 299 288 285 281 277 273 263 261 250 240 233 229 … … …

Su 427 427 427 427 427 427 427 427 … … … … … … … … …

BPVC.III.1.N
F-2023

148
ASMENORMDOC.COM : Click to view the full PDF of ASME BPVC.III.1.NF (ASME BPVC Section 3 Division 1 NF) 2023

https://asmenormdoc.com/api2/?name=ASME BPVC.III.1.NF (ASME BPVC Section 3 Division 1 NF) 2023.pdf


Table NF-I-2100-1M
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or AISI

Condition
Type Class

P/S
No.

Grp.
No.

Product
Form Notes

Min. Yield
Strength,
MPa

Min.
Tensile
Strength,
MPa

Stress and Strength, MPa,
for Metal Temperatures, °C, Not to Exceed

38 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425

Carbon Steels (Cont’d)

A501 … … … P-
No. 1

1 Tube … 250 400 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 250 245 235 226 223 220 216 213 206 204 196 188 182 180 … … …

Su 400 400 400 400 400 400 400 400 … … … … … … … … …

A513 1015 CW … P-
No. 1

1 Tube (4), (29) 379 448 Sm 115 115 115 115 115 115 115 115 … … … … … … … … …

S 98.6 98.6 98.6 98.6 98.6 98.6 98.6 98.6 … … … … … … … … …

Sy 221 217 208 201 198 195 192 189 … … … … … … … … …

Su 345 345 345 345 345 345 345 345 … … … … … … … … …

A513 1020 CW … P-
No. 1

2 Tube (4), (29) 414 483 Sm 115 115 115 115 115 115 115 115 … … … … … … … … …

S 98.6 98.6 98.6 98.6 98.6 98.6 98.6 98.6 … … … … … … … … …

Sy 221 217 208 201 198 195 192 189 … … … … … … … … …

Su 345 345 345 345 345 345 345 345 … … … … … … … … …

A513 1015 CW … … … Tube (2), (4) 379 448 Sm 150 150 150 150 150 150 150 150 … … … … … … … … …

S 128 128 128 128 128 128 128 128 … … … … … … … … …

Sy 379 372 358 345 340 335 330 326 … … … … … … … … …

Su 448 448 448 448 448 448 448 448 … … … … … … … … …

A513 1020 CW … … … Tube (2), (4) 414 483 Sm 161 161 161 161 161 161 161 161 … … … … … … … … …

S 138 138 138 138 138 138 138 138 … … … … … … … … …

Sy 414 406 390 376 371 365 360 355 … … … … … … … … …

Su 483 483 483 483 483 483 483 483 … … … … … … … … …

A513 1025 CW … P-
No. 1

2 Tube (5), (29) 448 517 Sm 126 126 126 126 126 126 126 126 … … … … … … … … …

S 108 108 108 108 108 108 108 108 … … … … … … … … …

Sy 241 237 227 219 217 214 211 207 … … … … … … … … …

Su 379 379 379 379 379 379 379 379 … … … … … … … … …

A513 1026 CW … P-
No. 1

3 Tube (5), (29) 483 552 Sm 126 126 126 126 126 126 126 126 … … … … … … … … …

S 108 108 108 108 108 108 108 108 … … … … … … … … …

Sy 241 237 227 219 217 214 211 207 … … … … … … … … …

Su 379 379 379 379 379 379 379 379 … … … … … … … … …

A513 1025 CW … … … Tube (2), (5) 448 517 Sm 172 172 172 172 172 172 172 172 … … … … … … … … …

S 148 148 148 148 148 148 148 148 … … … … … … … … …

Sy 448 440 423 408 406 403 394 385 … … … … … … … … …

Su 517 517 517 517 517 517 517 517 … … … … … … … … …
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Table NF-I-2100-1M
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or AISI

Condition
Type Class

P/S
No.

Grp.
No.

Product
Form Notes

Min. Yield
Strength,
MPa

Min.
Tensile
Strength,
MPa

Stress and Strength, MPa,
for Metal Temperatures, °C, Not to Exceed

38 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425

Carbon Steels (Cont’d)

A513 1026 CW … … … Tube (2), (5) 483 552 Sm 184 184 184 184 184 184 184 184 … … … … … … … … …

S 158 158 158 158 158 158 158 158 … … … … … … … … …

Sy 483 474 455 439 433 427 420 414 … … … … … … … … …

Su 552 552 552 552 552 552 552 552 … … … … … … … … …

A519 1018, 1020,
1022

HR … P-
No. 1

1 Tube … 221 345 Sm 115 115 115 115 115 115 115 115 … … … … … … … … …

S 98.6 98.6 98.6 98.6 98.6 98.6 98.6 98.6 … … … … … … … … …

Sy 221 217 208 201 198 195 192 189 … … … … … … … … …

Su 345 345 345 345 345 345 345 345 … … … … … … … … …

A519 1018, 1020,
1022

CW … P-
No. 1

2 Tube (4), (29) 414 483 Sm 115 115 115 115 115 115 115 115 … … … … … … … … …

S 98.6 98.6 98.6 98.6 98.6 98.6 98.6 98.6 … … … … … … … … …

Sy 221 217 208 201 198 195 192 189 … … … … … … … … …

Su 345 345 345 345 345 345 345 345 … … … … … … … … …

A519 1018, 1020,
1022

CW … … … Tube (2), (4) 414 483 Sm 161 161 161 161 161 161 161 161 … … … … … … … … …

S 138 138 138 138 138 138 138 138 … … … … … … … … …

Sy 414 406 390 376 371 365 360 355 … … … … … … … … …

Su 483 483 483 483 483 483 483 483 … … … … … … … … …

A519 1025, 1026 HR … P-
No. 1

1 Tube … 241 379 Sm 126 126 126 126 126 126 126 126 … … … … … … … … …

S 108 108 108 108 108 108 108 108 … … … … … … … … …

Sy 241 237 227 219 217 214 211 207 … … … … … … … … …

Su 379 379 379 379 379 379 379 379 … … … … … … … … …

A519 1025, 1026 CW … P-
No. 1

2 Tube (3), (5),
(29)

448 517 Sm 126 126 126 126 126 126 126 126 … … … … … … … … …

S 108 108 108 108 108 108 108 108 … … … … … … … … …

Sy 241 237 227 219 217 214 211 207 … … … … … … … … …

Su 379 379 379 379 379 379 379 379 … … … … … … … … …

A519 1025, 1026 CW … … … Tube (2), (3),
(5)

448 517 Sm 172 172 172 172 172 172 172 172 … … … … … … … … …

S 148 148 148 148 148 148 148 148 … … … … … … … … …

Sy 448 440 423 408 406 403 394 385 … … … … … … … … …

Su 517 517 517 517 517 517 517 517 … … … … … … … … …

A521 1020, 1025,
1030

… CC S-
No. 1

1 Forging (31) 205 415 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 205 201 194 188 186 183 181 178 172 170 164 157 152 150 … … …

Su 415 415 415 415 415 415 415 415 … … … … … … … … …

A521 1020, 1025,
1030

… CE S-
No. 1

2 Forging (31) 255 520 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …
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Table NF-I-2100-1M
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or AISI

Condition
Type Class

P/S
No.

Grp.
No.

Product
Form Notes

Min. Yield
Strength,
MPa

Min.
Tensile
Strength,
MPa

Stress and Strength, MPa,
for Metal Temperatures, °C, Not to Exceed

38 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425

Carbon Steels (Cont’d)

Sy 255 250 240 232 229 226 223 219 211 210 201 194 188 185 … … …

Su 520 520 520 520 520 520 520 520 … … … … … … … … …

A521 1035, 1040 … CG … … Forging
100mmand
under

(1), (31) 380 620 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 380 373 358 345 340 335 330 326 315 312 300 288 279 275 … … …

Su 620 620 620 620 620 620 620 620 … … … … … … … … …

A521 1035, 1040 … CG … … Forging
over 100
mm to 250
mm incl.

(1), (31) 345 585 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 345 338 325 314 310 305 301 297 286 283 272 262 253 250 … … …

Su 585 585 585 585 585 585 585 585 … … … … … … … … …

A653 33 A … S-
No. 1

1 Sheet (13) 230 310 Sm 103 103 103 103 103 103 103 103 … … … … … … … … …

S 88.9 88.9 88.9 88.9 88.9 88.9 88.9 88.9 … … … … … … … … …

Sy 230 225 215 207 204 201 199 196 188 186 … … … … … … …

Su 310 310 310 310 310 310 310 310 … … … … … … … … …

A668 1020, 1022,
1025, 1026,
1030

… B S-
No. 1

1 Forging (8), (31) 205 415 Sm 138 138 138 138 138 138 138 138 138 138 138 138 138 … … … …

S 119 119 119 119 119 119 119 119 … … … … … … … … …

Sy 205 201 194 188 186 183 181 178 172 170 164 157 152 150 … … …

Su 415 415 415 415 415 415 415 415 … … … … … … … … …

A668 1035 … B … … Forging (1), (8),
(9), (31)

205 415 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 205 201 194 188 186 183 181 178 172 171 165 157 152 150 … … …

Su 415 415 415 415 415 415 415 415 … … … … … … … … …

A668 1020, 1022,
1025, 1026,
1030

… C S-
No. 1

1 Forging (8), (31) 230 455 Sm 152 152 152 152 152 152 152 152 152 152 152 152 152 … … … …

S 130 130 130 130 130 130 130 130 … … … … … … … … …

Sy 230 225 215 207 204 201 199 196 188 186 179 172 168 166 … … …

Su 455 455 455 455 455 455 455 455 … … … … … … … … …

A668 1035 … C … … Forging (1), (8),
(9), (31)

230 455 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 230 225 215 210 210 210 210 210 188 186 179 172 168 166 … … …

Su 455 455 455 455 455 455 455 455 … … … … … … … … …

A668 1020, 1022,
1025, 1026,
1030

… D S-
No. 1

2 Forging (8), (31) 260 515 Sm 172 172 172 172 172 172 172 172 172 172 172 172 172 … … … …

S 147 147 147 147 147 147 147 147 … … … … … … … … …

Sy 260 255 244 235 232 229 225 222 214 212 204 196 190 187 … … …

Su 515 515 515 515 515 515 515 515 … … … … … … … … …
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Table NF-I-2100-1M
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or AISI

Condition
Type Class

P/S
No.

Grp.
No.

Product
Form Notes

Min. Yield
Strength,
MPa

Min.
Tensile
Strength,
MPa

Stress and Strength, MPa,
for Metal Temperatures, °C, Not to Exceed

38 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425

Carbon Steels (Cont’d)

A668 1035 … D … … Forging (1), (8),
(9), (31)

260 515 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 260 255 244 235 232 229 225 222 214 212 204 196 190 187 … … …

Su 515 515 515 515 515 515 515 515 … … … … … … … … …

A668 1030, 1330 … F S-
No. 1

3 Forging
100mmand
under

(7), (8),
(31)

380 620 Sm 207 207 207 207 207 207 207 207 … … … … … … … … …

S 177 177 177 177 177 177 177 177 … … … … … … … … …

Sy 380 373 358 345 340 335 330 326 315 312 300 288 279 275 … … …

Su 620 620 620 620 620 620 620 620 … … … … … … … … …

A668 1030, 1330 … F S-
No. 1

3 Forging
over 100
mm to 250
mm incl.

(8), (31) 345 585 Sm 195 195 195 195 195 195 195 195 … … … … … … … … …

S 167 167 167 167 167 167 167 167 … … … … … … … … …

Sy 345 338 325 314 310 305 301 297 286 283 272 262 253 250 … … …

Su 585 585 585 585 585 585 585 585 … … … … … … … … …

A668 1035, 1040
1045

… F … … Forging
100mmand
under

(1), (7),
(8), (9),
(31)

380 620 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 380 373 358 345 340 335 330 326 315 312 300 288 279 275 … … …

Su 620 620 620 620 620 620 620 620 … … … … … … … … …

A668 1035, 1040,
1045

… F … … Forging
over 100
mm to 250
mm incl.

(1), (8),
(9), (31)

345 585 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 345 338 325 314 310 305 301 297 286 283 272 262 253 250 … … …

Su 585 585 585 585 585 585 585 585 … … … … … … … … …

A675 75 … … S-
No. 1

2 Bar (28) 260 515 Sm 172 172 172 172 172 172 172 172 172 172 172 172 172 … … … …

S 147 147 147 147 147 147 147 147 … … … … … … … … …

Sy 260 255 244 235 232 229 225 222 214 212 204 196 190 188 … … …

Su 515 515 515 515 515 515 515 515 … … … … … … … … …

Low Alloy Steels

A148 Grade 90-60:
4130, 4320,
4330

… … S-
No. 4

3 Casting (11), (19),
(31)

415 620 Sm 207 207 207 207 207 207 207 207 207 207 207 207 207 207 … … …

S 177 177 177 177 177 177 177 177 177 177 177 177 … … … … …

Sy 415 412 406 400 393 385 376 366 353 351 345 344 … … … … …

Su 620 620 620 620 620 620 620 620 620 620 620 620 620 620 … … …

A148 Grade 105-85:
4130, 4140,
4320, 4340

… … … … Casting (1), (17),
(31)

585 725 Sm 241 241 241 241 241 241 241 241 241 241 241 241 241 241 … … …

S 207 207 207 207 207 207 207 207 207 207 207 207 207 207 … … …

Sy 585 582 574 567 556 546 532 518 501 497 489 487 486 486 … … …

Su 725 725 725 725 725 725 725 725 725 725 725 725 725 725 … … …
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Table NF-I-2100-1M
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or AISI

Condition
Type Class

P/S
No.

Grp.
No.

Product
Form Notes

Min. Yield
Strength,
MPa

Min.
Tensile
Strength,
MPa

Stress and Strength, MPa,
for Metal Temperatures, °C, Not to Exceed

38 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425

Low Alloy Steels (Cont’d)

A148 Grade 115-95:
4130, 4140,
4320, 4340

… … … … Casting (1), (18),
(31)

655 795 Sm 265 265 265 265 265 265 265 265 265 265 265 265 265 265 … … …

S 227 227 227 227 227 227 227 227 227 227 227 227 227 227 … … …

Sy 655 651 642 633 621 610 595 579 559 555 546 545 544 544 … … …

Su 795 795 795 795 795 795 795 795 795 795 795 795 795 795 … … …

A148 Grade 135-
125: 4130,
4140, 4320,
4340

… … … … Casting (1), (31) 860 930 Sm 310 310 310 310 310 310 310 310 310 310 310 310 310 310 … … …

S 266 266 266 266 266 266 266 266 266 266 266 266 266 266 … … …

Sy 860 855 844 832 818 803 783 763 736 730 718 717 716 716 … … …

Su 930 930 930 930 930 930 930 930 930 930 930 930 930 930 … … …

A322 4150 … … … … Bar (1), (31) 689 793 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 689 680 660 643 632 622 614 607 595 592 580 568 555 540 … … …

Su 793 793 793 793 793 793 793 793 793 793 793 793 793 793 … … …

A434 4130, 4140,
4145, 4320,
4340, 8260

… BB … … Bar
38 mm and
under

(1), (31) 620 760 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 620 612 594 578 569 561 553 546 535 533 522 512 500 486 … … …

Su 760 760 760 760 760 760 760 760 760 760 760 760 760 760 … … …

A434 4130, 4140,
4145, 4320,
4340, 8260

… BB … … Bar
over 38 mm
to 63 mm
incl.

(1), (31) 550 720 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 550 543 528 514 506 498 492 486 476 474 464 454 444 431 … … …

Su 720 720 720 720 720 720 720 720 720 720 720 720 720 720 … … …

A434 4130, 4140,
4145, 4320,
4340, 8260

… BB … … Bar
over 63 mm
to 100 mm
incl.

(1), (31) 520 690 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 520 512 496 482 474 467 461 455 446 444 435 426 416 405 … … …

Su 690 690 690 690 690 690 690 690 690 690 690 690 690 690 … … …

A434 4130, 4140,
4145, 4320,
4340, 8260

… BB … … Bar
over 100
mm to 175
mm incl.

(1), (31) 520 660 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 520 512 496 482 474 467 461 455 446 444 435 426 416 405 … … …

Su 660 660 660 660 660 660 660 660 660 660 660 660 660 660 … … …

A434 4130, 4140,
4145, 4320,
4340, 8260

… BB … … Bar
over 175
mm to 238
mm incl.

(1), (31) 450 620 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 450 443 430 417 411 404 399 395 387 385 377 369 361 351 … … …

Su 620 620 620 620 620 620 620 620 620 620 620 620 620 620 … … …
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Table NF-I-2100-1M
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or AISI

Condition
Type Class

P/S
No.

Grp.
No.

Product
Form Notes

Min. Yield
Strength,
MPa

Min.
Tensile
Strength,
MPa

Stress and Strength, MPa,
for Metal Temperatures, °C, Not to Exceed

38 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425

Low Alloy Steels (Cont’d)

A434 4130, 4140,
4145, 4320,
4340

… BC … … Bar
38 mm and
under

(1), (31) 760 900 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 760 749 727 707 696 685 677 668 654 651 638 625 611 594 … … …

Su 900 900 900 900 900 900 900 900 900 900 900 900 900 900 … … …

A434 4130, 4140,
4145, 4320,
4340

… BC … … Bar
over 38 mm
to 63 mm
incl.

(1), (31) 720 860 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 720 711 692 674 664 654 645 637 625 622 609 597 584 567 … … …

Su 860 860 860 860 860 860 860 860 860 860 860 860 860 860 … … …

A434 4130, 4140,
4145, 4320,
4340

… BC … … Bar
over 63 mm
to 100 mm
incl.

(1), (31) 660 790 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 660 650 628 608 599 589 581 574 563 560 549 538 525 511 … … …

Su 790 790 790 790 790 790 790 790 790 790 790 790 790 790 … … …

A434 4130, 4140,
4145, 4320,
4340

… BC … … Bar
over 100
mm to 175
mm incl.

(1), (31) 590 760 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 590 581 563 546 538 530 523 516 506 504 493 483 472 459 … … …

Su 760 760 760 760 760 760 760 760 760 760 760 760 760 760 … … …

A434 4130, 4140,
4145, 4320,
4340

… BC … … Bar
over 175
mm to 238
mm incl.

(1), (31) 550 720 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 550 543 528 514 506 498 492 486 476 474 464 454 444 432 … … …

Su 720 720 720 720 720 720 720 720 720 720 720 720 720 720 … … …

A434 4130, 4140,
4145, 4320,
4340

… BD … … Bar
38 mm and
under

(1), (31) 900 1 070 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 900 887 860 835 822 808 798 789 773 770 754 738 721 702 … … …

Su 1 070 1 070 1 070 1 070 1 070 1 070 1 070 1 070 1 070 1 070 1 070 1 070 1 070 1 070 … … …

A434 4130, 4140,
4145, 4320,
4340

… BD … … Bar
over 38 mm
to 63 mm
incl.

(1), (31) 830 1 030 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 830 818 793 771 759 747 737 727 713 710 695 681 666 647 … … …

Su 1 030 1 030 1 030 1 030 1 030 1 030 1 030 1 030 1 030 1 030 1 030 1 030 1 030 1 030 … … …

A434 4130, 4140,
4145, 4320,
4340

… BD … … Bar
over 63 mm
to 100 mm
incl.

(1), (31) 760 960 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 760 749 727 707 696 685 677 668 654 651 638 625 611 594 … … …

Su 960 960 960 960 960 960 960 960 960 960 960 960 960 960 … … …
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Table NF-I-2100-1M
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or AISI

Condition
Type Class

P/S
No.

Grp.
No.

Product
Form Notes

Min. Yield
Strength,
MPa

Min.
Tensile
Strength,
MPa

Stress and Strength, MPa,
for Metal Temperatures, °C, Not to Exceed

38 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425

Low Alloy Steels (Cont’d)

A434 4130, 4140,
4145, 4320,
4340

… BD … … Bar
over 100
mm to 175
mm incl.

(1), (31) 720 930 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 720 711 692 674 664 654 645 637 625 622 609 597 584 567 … … …

Su 930 930 930 930 930 930 930 930 930 930 930 930 930 930 … … …

A434 4130, 4140,
4145, 4320,
4340

… BD … … Bar
over 175
mm to 238
mm incl.

(1), (31) 690 900 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 690 680 661 643 632 622 614 607 595 592 580 568 555 540 … … …

Su 900 900 900 900 900 900 900 900 900 900 900 900 900 900 … … …

A471 3Ni–Cr–Mo–V … 2 … … Forging (1), (10) 620 725 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 620 613 597 583 575 566 560 555 549 547 542 538 532 525 … … …

Su 725 725 725 725 725 725 721 718 714 714 710 705 699 690 … … …

A471 3Ni–Cr–Mo–V … 3 … … Forging (1), (10) 690 760 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 690 681 664 648 638 629 623 616 610 608 602 597 592 584 … … …

Su 760 760 760 760 760 760 756 752 748 747 743 738 732 722 … … …

A471 3Ni–Cr–Mo–V … 4 … … Forging (1), (10) 760 830 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 760 751 731 713 703 692 685 678 670 669 662 657 651 643 … … …

Su 830 830 830 830 830 830 825 820 816 815 811 806 799 788 … … …

A471 3Ni–Cr–Mo–V … 5 … … Forging (1), (10) 825 900 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 825 815 796 778 766 755 747 740 731 730 723 717 710 701 … … …

Su 900 900 900 900 900 900 894 889 884 883 878 873 865 854 … … …

A471 3Ni–Cr–Mo–V … 6 … … Forging (1), (10) 895 965 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 895 884 862 842 830 818 810 801 792 790 783 777 769 760 … … …

Su 965 965 965 965 965 965 961 956 952 951 946 940 932 920 … … …

A471 3Ni–Cr–Mo–V … 7 … … Forging (1), (10) 931 1 034 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 931 919 895 874 861 848 840 831 822 820 812 805 798 789 … … …

Su 1 034 1 034 1 034 1 034 1 034 1 034 1 030 1 025 1 020 1 019 1 013 1 007 998 986 … … …

A471 3Ni–Cr–Mo–V … 8 … … Forging (1), (10) 1 000 1 103 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …
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Table NF-I-2100-1M
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or AISI

Condition
Type Class

P/S
No.

Grp.
No.

Product
Form Notes

Min. Yield
Strength,
MPa

Min.
Tensile
Strength,
MPa

Stress and Strength, MPa,
for Metal Temperatures, °C, Not to Exceed

38 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425

Low Alloy Steels (Cont’d)

Sy 1 000 988 962 939 925 911 902 893 883 881 872 865 857 848 … … …

Su 1 103 1 103 1 103 1 103 1 103 1 103 1 098 1 093 1 088 1 087 1 081 1 074 1 065 1 051 … … …

A471 3Ni–Cr–Mo–V … 9 … … Forging (1), (10) 1 069 1 172 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 1 069 1 056 1 028 1 004 989 974 964 954 944 942 933 925 917 906 … … …

Su 1 172 1 172 1 172 1 172 1 172 1 172 1 167 1 161 1 156 1 155 1 148 1 141 1 131 1 117 … … …

A490 4137, 4140,
4142, 4145,
4340

1 … … … Bolt (1) 896 1 034 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 896 884 858 835 822 808 798 789 773 770 754 738 721 702 … … …

Su 1 034 1 034 1 034 1 034 1 034 1 034 1 034 1 034 1 034 1 034 1 034 1 034 1 034 1 034 … … …

A514 A … … P-
No.
11B

1 Plate
32 mm and
less

… 689 758 Sm 253 253 253 253 253 253 253 253 253 253 253 253 253 251 … … …

S 216 216 216 216 216 216 216 216 216 216 216 216 216 216 … … …

Sy 689 683 669 657 647 638 629 621 610 608 600 593 587 579 … … …

Su 758 758 758 758 758 758 758 758 758 758 758 758 758 755 … … …

A514 B … … P-
No.
11B

4 Plate
32 mm and
less

… 689 758 Sm 253 253 253 253 253 253 253 253 253 253 253 253 253 251 … … …

S 216 216 216 216 216 216 216 216 216 216 216 216 216 216 … … …

Sy 689 683 669 657 647 638 629 621 610 608 600 593 587 579 … … …

Su 758 758 758 758 758 758 758 758 758 758 758 758 758 755 … … …

A514 E … … P-
No.
11B

2 Plate
63 mm and
less

… 689 758 Sm 253 253 253 253 253 253 253 253 253 253 253 253 253 251 … … …

S 216 216 216 216 216 216 216 216 216 216 216 216 216 216 … … …

Sy 689 683 669 657 647 638 629 621 610 608 600 593 587 579 … … …

Su 758 758 758 758 758 758 758 758 758 758 758 758 758 755 … … …

A514 F … … P-
No.
11B

3 Plate
63 mm and
less

… 689 758 Sm 253 253 253 253 253 253 253 253 253 253 253 253 253 251 … … …

S 216 216 216 216 216 216 216 216 216 216 216 216 216 216 … … …

Sy 689 683 669 657 647 638 629 621 610 608 600 593 587 579 … … …

Su 758 758 758 758 758 758 758 758 758 758 758 758 758 755 … … …

A514 P … … P-
No.
11B

8 Plate
63 mm and
less

… 689 758 Sm 253 253 253 253 253 253 253 253 253 253 253 253 253 251 … … …

S 216 216 216 216 216 216 216 216 216 216 216 216 216 216 … … …

Sy 689 683 669 657 647 638 629 621 610 608 600 593 587 579 … … …

Su 758 758 758 758 758 758 758 758 758 758 758 758 758 755 … … …

A514 Q … … P-
No.
11B

9 Plate
63 mm and
less

… 689 758 Sm 253 253 253 253 253 253 253 253 253 253 253 253 253 251 … … …

S 216 216 216 216 216 216 216 216 216 216 216 216 216 216 … … …

Sy 689 683 669 657 647 638 629 621 610 608 600 593 587 579 … … …

Su 758 758 758 758 758 758 758 758 758 758 758 758 758 755 … … …
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Table NF-I-2100-1M
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or AISI

Condition
Type Class

P/S
No.

Grp.
No.

Product
Form Notes

Min. Yield
Strength,
MPa

Min.
Tensile
Strength,
MPa

Stress and Strength, MPa,
for Metal Temperatures, °C, Not to Exceed

38 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425

Low Alloy Steels (Cont’d)

A514 E … … P-
No.
11B

2 Plate
over 63 mm
to 150 mm
incl.

… 621 689 Sm 230 230 230 230 230 230 230 230 230 230 230 230 229 228 … … …

S 197 197 197 197 197 197 197 197 197 197 197 197 197 196 … … …

Sy 621 615 603 591 583 574 567 559 549 547 540 534 528 522 … … …

Su 689 689 689 689 689 689 689 689 689 689 689 689 689 687 … … …

A514 P … … P-
No.
11B

8 Plate
over 63 mm
to 150 mm
incl.

… 621 689 Sm 230 230 230 230 230 230 230 230 230 230 230 230 229 228 … … …

S 197 197 197 197 197 197 197 197 197 197 197 197 197 196 … … …

Sy 621 615 603 591 583 574 567 559 549 547 540 534 528 522 … … …

Su 689 689 689 689 689 689 689 689 689 689 689 689 689 687 … … …

A514 Q … … P-
No.
11B

9 Plate
over 63 mm
to 150 mm
incl.

… 621 689 Sm 230 230 230 230 230 230 230 230 230 230 230 230 229 228 … … …

S 197 197 197 197 197 197 197 197 197 197 197 197 197 196 … … …

Sy 621 615 603 591 583 574 567 559 549 547 540 534 528 522 … … …

Su 689 689 689 689 689 689 689 689 689 689 689 689 689 687 … … …

A519 4140 4140SR … … … Tube (1) 689 827 Sm 276 276 276 276 276 276 276 276 … … … … … … … … …

S 236 236 236 236 236 236 236 236 … … … … … … … … …

Sy 689 680 660 643 632 622 614 607 … … … … … … … … …

Su 827 827 827 827 827 827 827 827 … … … … … … … … …

A519 4142 4142SR … … … Tube (1) 689 827 Sm 276 276 276 276 276 276 276 276 … … … … … … … … …

S 236 236 236 236 236 236 236 236 … … … … … … … … …

Sy 689 680 660 643 632 622 614 607 … … … … … … … … …

Su 827 827 827 827 827 827 827 827 … … … … … … … … …

A572 42 … … P-
No. 1

1 Plate
and shapes

(14) 290 414 Sm 138 138 138 138 138 138 138 138 138 138 138 138 138 138 … … …

S 118 118 118 118 118 118 118 118 118 118 118 118 118 118 … … …

Sy 290 287 281 275 269 264 259 255 247 246 240 234 229 224 … … …

Su 414 414 414 414 414 414 414 414 414 414 414 414 414 414 … … …

A572 50 … … P-
No. 1

1 Plate
and Shapes

(14) 345 448 Sm 150 150 150 150 150 150 150 150 150 150 150 150 150 150 … … …

S 128 128 128 128 128 128 128 128 128 128 128 128 128 128 … … …

Sy 345 341 334 326 320 314 309 303 294 292 285 279 273 267 … … …

Su 448 448 448 448 448 448 448 448 448 448 448 448 448 448 … … …

A572 55 … … P-
No. 1

2 Plate
and shapes

… 379 483 Sm 161 161 161 161 161 161 161 161 161 161 161 161 161 161 … … …

S 138 138 138 138 138 138 138 138 … … … … … … … … …

Sy 379 375 367 359 353 346 340 334 324 321 313 307 300 294 … … …

Su 483 483 483 483 483 483 483 483 483 483 483 483 483 483 … … …
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Table NF-I-2100-1M
Design Stress Intensity (Sm), Maximum Allowable Stress (S), Yield Strength (Sy), and Tensile Strength (Su) Values (Cont’d)

Spec.
No.

Material
Grade or AISI

Condition
Type Class

P/S
No.

Grp.
No.

Product
Form Notes

Min. Yield
Strength,
MPa

Min.
Tensile
Strength,
MPa

Stress and Strength, MPa,
for Metal Temperatures, °C, Not to Exceed

38 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425

Low Alloy Steels (Cont’d)

A579 5Ni–Cr–Mo–V 12a … … … Forging (1) 965 1 034 Sm 345 344 343 340 336 331 328 325 324 324 324 324 322 314 … … …

S 296 295 294 292 287 283 281 278 278 278 278 278 276 269 … … …

Sy 965 963 959 953 938 924 910 896 886 884 878 873 864 843 … … …

Su 1 034 1 032 1 028 1 021 1 007 993 983 974 972 972 972 972 965 943 … … …

A588 A, B … … P-
No. 3

1 Plate and bar
100mmand
less, all
shapes

(7), (15) 345 483 Sm 161 161 161 161 161 161 161 161 161 161 161 161 161 161 … … …

S 138 138 138 138 138 138 138 138 138 138 138 138 138 138 … … …

Sy 345 341 334 326 320 314 306 298 292 291 285 279 273 267 … … …

Su 483 483 483 483 483 483 483 483 483 483 483 483 483 483 … … …

A588 A, B … … P-
No. 3

1 Plate and bar
over 100
mm to 125
mm incl.

(7), (14) 317 462 Sm 154 154 154 154 154 154 154 154 154 154 154 154 154 154 … … …

S 132 132 132 132 132 132 132 132 132 132 132 132 132 132 … … …

Sy 317 314 307 301 295 289 284 279 271 269 263 257 251 245 … … …

Su 462 462 462 462 462 462 462 462 462 462 462 462 462 462 … … …

A588 A, B … … P-
No. 3

1 Plate and bar
over 125
mm to 200
mm incl.

(14) 290 434 Sm 145 145 145 145 145 145 145 145 145 145 145 145 145 145 … … …

S 124 124 124 124 124 124 124 124 124 124 124 124 124 124 … … …

Sy 290 287 281 275 269 264 259 255 247 246 240 234 229 224 … … …

Su 434 434 434 434 434 434 434 434 434 434 434 434 434 434 … … …

A618 Mn–Cu–V … II P-
No. 1

2 Tube
18 mm and
less

… 345 483 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 345 338 324 311 299 288 276 264 249 245 237 235 233 231 … … …

Su 483 483 483 483 483 483 483 483 483 483 483 483 483 482 … … …

A618 Mn–Cu–V … II P-
No. 1

2 Tube
over 18 mm
to 38 mm
incl.

… 317 462 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 317 311 298 285 275 265 254 243 229 226 218 216 214 212 … … …

Su 462 462 462 462 462 462 462 462 462 462 462 462 462 461 … … …

A618 Mn–V … III P-
No. 1

1 Tube … 345 448 Sm … … … … … … … … … … … … … … … … …

S … … … … … … … … … … … … … … … … …

Sy 345 338 324 311 299 288 276 264 249 245 237 235 233 231 … … …

Su 448 448 448 448 448 448 448 448 448 448 448 448 448 447 … … …

A633 A … … P-
No. 1

1 Plate and
shapes
100mmand
less

… 290 434 Sm 145 145 145 145 145 145 145 145 145 145 145 145 145 145 … … …

S 124 124 124 124 124 124 124 124 124 124 124 124 124 124 … … …

Sy 290 284 273 261 252 242 232 222 209 206 200 198 196 194 … … …

Su 434 434 434 434 434 434 434 434 434 434 434 434 434 434 … … …
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