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FOREWORD"

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Vessel Committee was superseded by the following committees:

(a) Committee on Power Boilers (I)

(b) Committee on Materials (II)

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

(d) Committee on Heating Boilers (IV)

(e) Committee on Nondestructive Examination (V)

(f) Committee on Pressure Vessels (VIII)

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

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

(i) Committee on Nuclear Inservice Inspection (XI)

(j) Committee on Transport Tanks (XII)

(k) Committee on Overpressure Protection (XIII)

(1) Technical Oversight Management Committee (TOMC)

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

The Committee’s function is to establish rules of safety relating to pressure integrity, which govern the construction” of
boilers, pressure vessels, transport tanks, and nuclear components,.ahd-the inservice inspection of nuclear components
and transport tanks. For nuclear items other than pressure-retaining components, the Committee also establishes rules of
safety related to structural integrity. The Committee also interprets these rules when questions arise regarding their
intent. The technical consistency of 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 construction of boilers/pressure vessels, transport tanks, or nuclear components, or the
inservice inspection of nuclear components or transport tanks. Users of the Code should refer to the pertinent codes,
standards, laws, regulations, or other relevant decuments for safety issues other than those relating to pressure integrity
and, for nuclear items other than pressure-retaiiting components, structural integrity. Except for Sections XI and XII, and
with a few other exceptions, the rules do natof practical necessity, reflect the likelihood and consequences of deteriora-
tion in service related to specific servi¢e 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 oflife and property, and to provide a margin for deteriora-
tion in service to give a reasonably long, safe period of usefulness. Advancements in design and materials and evidence of
experience have been recognized.

This Code 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 Ge consistent with Code philosophy, and such judgments must never be used to overrule mandatory re-
quirements or specific prohibitions of the Code.

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

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

- Construction, as used in this Foreword, is an all-inclusive term comprising materials, design, fabrication, examination, inspection, testing, certifica-
tion, and overpressure protection.
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responsible for all technical assumptions inherent in the programs they use and the application of these programs to their
design.

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

The Committee meets regularly to consider revisions of the rules, new rules as dictated by technological development,
Code Cases, and requests for interpretations. Only the Committee has the authority to provide official interpretations of.
this Code. Requests for revisions, new rules, Code Cases, or interpretations shall be addressed to the Secretary in wrifing
and shall give full particulars in order to receive consideration and action (see Submittal of Technical Inquiries‘te’the
Boiler and Pressure Vessel Standards Committees). Proposed revisions to the Code resulting from inquiriesswill be
presented to the Committee for appropriate action. The action of the Committee becomes effective only afterconfirmation
by ballot of the Committee and approval by ASME. Proposed revisions to the Code approved by the.Committee are
submitted to the American National Standards Institute (ANSI) and published at http://go.asme.org/BPVCPublicReview
toinvite comments from all interested persons. After public review and final approval by ASME, revisions are published at
regular intervals in Editions of the Code.

The Committee does not rule on whether a component shall or shall not be constructed to:thié 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. fules 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.

When required by contextin this Section, the singular shall be interpreted-as the plural, and vice versa, and the feminine,
masculine, or neuter gender shall be treated as such other gender-as‘appropriate.

The words “shall,” “should,” and “may” are used in this Standardvas follows:

- Shall is used to denote a requirement.

- Should is used to denote a recommendation.

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

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

Organizations that are authorized to use the ASME Single Certification Mark for marking items or-constructions that
have been constructed and inspected in compliance with the ASME Boiler and Pressure Vessel Cod€are issued Certificates
of Authorization. Itis the aim of the Society to maintain the standing of the ASME Single Certification Mark for the benefit of
the users, the enforcement jurisdictions, and the holders of the ASME Single Certificatioh-Mark who comply with all
requirements.

Based on these objectives, the following policy has been established on the usage in"advertising of facsimiles of the
ASME Single Certification Mark, Certificates of Authorization, and reference to Code.construction. The American Society of
Mechanical Engineers does not “approve,” “certify,” “rate,” or “endorse” any item; ¢onstruction, or activity and there shall
be no statements or implications that might so indicate. An organization holding the ASME Single Certification Mark and/
or a Certificate of Authorization may state in advertising literature that)items, constructions, or activities “are built
(produced or performed) or activities conducted in accordance with the requirements of the ASME Boiler and Pressure
Vessel Code,” or “meet the requirements of the ASME Boiler and Pressuire Vessel Code.” An ASME corporate logo shall not
be used by any organization other than ASME.

The ASME Single Certification Mark shall be used only for stamping and nameplates as specifically provided in the Code.
However, facsimiles may be used for the purpose of fostering the use of such construction. Such usage may be by an
association or a society, or by a holder of the ASME Single Certification Mark who may also use the facsimile in advertising
to show that clearly specified items will carry the ASME Single Certification Mark.

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

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

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

Items:shall not be described on ASME Data Report Forms nor on similar forms referring to ASME that tend to imply that
all Code requirements have been met when, in fact, they have not been. Data Report Forms covering items not fully
complying with ASME requirements should not refer to ASME or they should clearly identify all exceptions to the ASME
requirements.
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CORRESPONDENCE WITH THE COMMITTEE

General

ASME codes and standards are developed and maintained by committees with the intent to represent thecensensus of
concerned interests. Users of ASME codes and standards may correspond with the committees to propose ‘fevisions 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 webpage, accessible at
https://go.asme.org/CSCommittees.

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

Revisions and Errata

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

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

This Code is always open for comment, and the committeé.welcomes proposals for revisions. Such proposals should be
as specific as possible, citing the paragraph number(s)sthe'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 application§ for cases are
(1) to permit early implementation of a revision based on an urgent need
(2) to provide alternative fequirements
(3) to allow users to gaifl éxperience 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, recomfmending, 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-¢ommittee will consider proposed cases concerning the following topics only:
(1)(équipment to be marked with the ASME Single Certification Mark, or
(2) equipment to be constructed as a repair/replacement activity under the requirements of Section XI
(d) Aproposed case shall be written as a question and reply in the same format as existing cases. The proposal shall also
include the following information:
(1) a statement of need and background information
(2) the urgency of the case (e.g.,, the case concerns a project that is underway or imminent)
(3) the Code Section and the paragraph, figure, or table number(s) to which the proposed case applies
(4) the edition(s) of the Code to which the proposed case applies
(e) A case is effective for use when the public review process has been completed and it is approved by the cognizant
supervisory board. Cases that have been approved will appear in the next edition or supplement of the Code Cases books,
“Boilers and Pressure Vessels” or “Nuclear Components.” Each Code Cases book is updated with seven Supplements.
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Supplements will be sent or made available automatically to the purchasers of the Code Cases books until the next edition
of the Code. Annulments of Code Cases become effective six months after the first announcement of the annulment in a
Code Case Supplement or Edition of the appropriate Code Case book. The status of any case is available at
http://go.asme.org/BPVCCDatabase. An index of the complete list of Boiler and Pressure Vessel Code Cases and
Nuclear Code Cases is available at http://go.asme.org/BPVCC.

Interpretations

(a) Interpretations clarify existing Code requirements and are written as a question and reply. Interpretations doviot
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 committee will render an interpretation of any requirement of the Code. An interpretation can be
rendered only in response to a request submitted through the online Interpretation Subfmittal Form at
http://go.asme.org/InterpretationRequest. Upon submitting the form, the inquirer will receive afi;automatic e-mail
confirming receipt.

(c) ASME does notactas a consultant for specific engineering problems or for the general application or understanding
of the Code requirements. If, based on the information submitted, it is the opinion of the.committee that the inquirer
should seek assistance, the request will be returned with the recommendation that such.assistance be obtained. Inquirers
may track the status of their requests at http://go.asme.org/Interpretations.

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

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

»u

certify,” “rate,” or “enderse” any item, construction, proprietary

Committee Meetings

The ASME BPVC committees regularly hold meetingsthat are open to the public. Persons wishing to attend any meeting
should contact the secretary of the applicable commiittee. Information on future committee meetings can be found at
http://go.asme.org/BCW.
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ORGANIZATION OF SECTION il (23)

1 GENERAL

Section III consists of Division 1, Division 2, Division 3, Division 4, and Division 5. These Divisions are broken down into
Subsections and are designated by capital letters preceded by the letter “N” for Division 1, by the letter “C” fer'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\Sforage 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 Containiments
- Subsection WD — Class ISS Internal Support Structures

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

Division 5 — High Temperature{Redctors
- Subsection HA — General‘Requirements
Subpart A — Metallic"Materials
Subpart B — Graphite Materials
Subpart C — €omposite 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

XXXiX
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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, StampingWith Certification Mark, and Reports

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

4 SUBARTICLES

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

5 SUBSUBARTICLES

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

6 PARAGRAPHS

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

7 SUBPARAGRAPHS

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

8 SUBSUBPARAGRAPHS

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

x1
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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 is made to another Article, subarticle, or paragraph, all
numbers subsidiary to that reference shall be included. For example, reference to Article NB-3000 includes all material in
Article NB-3000; reference to NB-3100 includes all material in subarticle NB-3100; reference to NB-3110 includes all
paragraphs, NB-3111 through NB-3113.

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

(1) Section II, Materials. When a requirement for a material, or for the examination or testing of a material, is to.be in
accordance with a specification such as SA-105, SA-370, or SB-160, the reference is to material specifications in 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 1X, Welding and Brazing Qualifications. Section IX references begin with the letter. “Q” and relate to
welding and brazing requirements.

(4) Section XI, Rules for Inservice Inspection of Nuclear Power Plant Components. When a.référence 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 becused 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‘te-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 rdles 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, Viefina, VA 22180. The applicable year of issue of such a Standard Practice
is that suffixed to its numerical designation in Table NCA-7100-1, for example MSS SP-58-2009.

(4) Specifications for welding and.brazing materials are published by the American Welding Society (AWS), 8669
NW 36 Street, No. 130, Miami, FL. 33166 Specifications of this type are incorporated in Section Il and are identified by the
AWS designation with the prefix “SF,” for example SFA-5.1.

(5) Standards applicablete‘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 IIl Appendices are contained in a separate book titled “Appendices.” These appendices have the potential
for multiple subsection applicability. Mandatory Appendices are designated by a Roman numeral followed, when appro-
priate, by Arabic numerals to indicate various articles, subarticles, and paragraphs of the appendix, such as II-1500 or
XJI1-1210. Nonmandatory Appendices are designated by a capital letter followed, when appropriate, by Arabic numerals
to indicate various articles, subarticles, and paragraphs of the appendix, such as D-1200 or Y-1440.

*The American National Standards Institute (ANSI) was formerly known as the American Standards Association. Standards approved by the
Association were designated by the prefix “ASA” followed by the number of the standard and the year of publication. More recently, the
American National Standards Institute was known as the United States of America Standards Institute. Standards were designated by the prefix
“USAS” followed by the number of the standard and the year of publication. While the letters of the prefix have changed with the name of the
organization, the numbers of the standards have remained unchanged.
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(2) Subsection Appendices are specifically applicable to just one subsection and are contained within that subsec-
tion. Subsection-specific mandatory and nonmandatory appendices are numbered in the same manner as Section III
Appendices, but with a subsection identifier (e.g., NF, NH, D2, etc.) preceding either the Roman numeral or the capital
letter for a unique designation. For example, NF-1I-1100 or NF-A-1200 would be part of a Subsection NF mandatory or
nonmandatory appendix, respectively. For Subsection CC, D2-1V-1120 or D2-D-1330 would be part of a Subsection CC
mandatory or nonmandatory appendix, respectively.

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

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 Subsection NCD.

Page

xi

XV

XXXVii

XXXIX
xlv
6

14
37

39
51
67
70
72
77
80

88
140

148
242
283
284
284
287
287
287
288
290
292
298
297
300
311
314
315
317

Location
List of Sections

Personnel

Correspondence With the Committee

Organization of Section III
Cross-Referencing in the ASME BPVC

NCD-2121
NCD-2131
NCD-2132
NCD-2160
NCD-2321.2
NCD-2610

NCD-3125

Figure NCD-3217-1
NCD-3232.1

Figure NCD-3239.1(b)-1
Figure NCD-3239.4-1
NCD-3262.1

Table NCD-3321-2

NCD-3325.2
NCD-3450

NCD-3595.1
NCD-4125
NCD-4335
NCD-4335:¢
NCD-4335.2
NCD-4413
NCD-4423.1
NCD-4423.2
NCD-4423.3

Figure NCD-4427-1
NCD-4451

Table NCD-4622.1-1
NCD-4622.3

Table NCD-4622.7(b)-1
NCD-5321
NCD-5510
NCD-5540
NCD-6112.1

Change

(1) Under Section IlI, 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 “Corréspondence
With the Committee”

Updated

Added (replaces “Submittal of Technical Inquiries te the Boiler and Pressure
Vessel Standards Committees”)

In para. 1, Division 4 added
Updated

Subparagraph (a) revised

First and second sentences revised
First and second sentences révised
Last sentence added

Revised

(1) Subparagraphs™(a) and (b) revised

(2) Subparagraph (d) added

Revised

In Legend, definitions of P, and P,, revised

Subparagraph (c) revised

Révised

Revised

Last sentence corrected by errata

Second page of table reinstated (page was inadvertently omitted in 2021
edition)

Subparagraph (a) corrected by errata

Title corrected from “Design of Class 2 Reciprocating Pumps” to “Design of
Reciprocating Pumps” by errata

Reference to ASME B16.5 tables corrected by errata
Cross-reference for brazing material requirements corrected by errata
Revised

Subparagraph (a) revised

Subparagraph (a) revised

Added

Revised

Revised

Revised

Sketch (c-1) revised

First sentence revised

Spanning column heading revised

Last sentence revised

Entries for P-No. 9A Gr. 1 and P-No. 9B Gr. 1 combined and revised
Subparagraph (a)(4) revised

Revised

Added

Subparagraph (c) added
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Page Location Change
321 NCD-6412 Subparagraph (b) revised \
321 NCD-6413 Revised C}'
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CROSS-REFERENCING IN THE ASME BPVC (23)

Paragraphs within the ASME BPVC may include subparagraph breakdowns, i.e., nested lists. The following is a guidéto
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 ofithat 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) 1f X.1(c)(1)(-a) is referenced in X.1(c)(1), it will be referenced as (xaj,

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

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

NCD-1100 SCOPE

NCD-1110 ASPECTS OF CONSTRUCTION COVERED
BY THESE RULES

(a) Subsection NCD contains rules for the material,
design, fabrication, examination, testing, overpressure
relief, marking, stamping, and preparation of reports
by the Certificate Holder for items that are intended to
conform to the requirements for Class 2 or Class 3
construction.

(b) The rules of Subsection NCD cover the require-
ments for the strength and pressure integrity of items
the failure of which would violate the pressure-retaining
boundary. The rules cover load stresses but do not cover
deterioration that may occur in service as a result of corro-
sion, radiation effects, or instability of materials. NCA-
1130 further limits the rules of this Subsection.

(c) Subsection NCD does not contain rules to cover all
details of construction of Class 2 or Class 3 vessels\and
storage tanks. Where complete details are not provided
in this Subsection, it is intended that the N Certificate
Holder, subject to the approval of the Owner or its
designee and acceptance by the Inspector, shall
provide details of construction thatwill' be consistent
with those provided by the rules of:this Subsection.

(d) Class 2 vessels are to be designed using the stan-
dard design method in NCD-33000r the alternative design
rules of NCD-3200, which allowthe use of analysis with the
higher design stress intensity values of Section II, Part D,
Subpart 1, Tables 2A,°2B] and 4.

NCD-1120 TEMPERATURE LIMITS

The rules of Subsection NCD shall not be used for items
thatare to-be'subjected to metal temperatures that exceed
the temperature limitin the applicability column shown in
Section 1, Part D, Subpart 1, Tables 14, 1B, and 3 for design
stress values or in Section I, Part D, Subpart 1, Tables 24,
2B, and 4 for design stress intensity values for Class 2
vessels designed to the alternative design rules of
NCD-3200. For vessels operating beyond the temperature
limits referenced above, the creep and stress rupture char-
acteristics of materials permitted to be used become
significant factors that are not presently covered by
the rules of this Subsection. Fatigue design curves and
specified methods for fatigue analysis are not applicable

above 700°F (370°C) for materials covered<y, Section III
Appendices, Mandatory Appendix I, FiguresJ-9.1 and 1-9.4
and above 800°F (425°C) for materials covered by Section
III Appendices, Mandatory Appendixd)Figures [-9.2 and I-
9.3.

NCD-1130 BOUNDARIES OF JURISDICTION
APPLICABLE-TO THIS SUBSECTION

NCD-1131 Boundary of Components

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

(@) ‘the first circumferential joint in welded connec-
tions”(the connecting weld shall be considered part of
the piping);

(b) the face of the first flange in bolted connections (the
bolts shall be considered part of the piping);

(c) the first threaded joint in screwed connections.

NCD-1132 Boundary Between Components and
Attachments

NCD-1132.1 Attachments.

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

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

(1) Attachments with a pressure-retaining function
include items such as:

(-a) pressure boundary stiffeners;

(-b) branch and vessel opening reinforcement.

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

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

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

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

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

(-a) perform a pressure-retaining function;
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(-b) are in the component support load path.
(2) Attachments with a nonstructural function
(nonstructural attachments):
(-a) donot perform a pressure-retaining function;
(-b) are not in the component support load path;
(-c) may be permanent or temporary.
Nonstructural attachments include items such as name-
plates, insulation supports, and locating and lifting lugs.

NCD-1132.2 Jurisdictional Boundary. The jurisdic-
tional boundary between a pressure-retaining component
and an attachment defined in the Design Specification
shall not be any closer to the pressure-retaining
portion of the component than as defined in (a)
through (g) below. Figures NCD-1132.2-1 through
NCD-1132.2-3 are provided as an aid in defining the
boundary and construction requirements of this Subsec-
tion.

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

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

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

(d) The first connecting weld of a non-pressure-
retaining structural attachment to a component shall
be considered part of the component unless the weld
is more than 2t from the pressure-retaining portion of
the component, where t is the nominal thickness of the
pressure-retaining material. Beyond 2t from the_prés-
sure-retaining portion of the component, the first'weld
shall be considered part of the attachment.

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

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

(g) Theboundary:may belocated further from the pres-
sure-retaining pertion of the component than as defined in
(a) through (f)iabove when specified in the Design Spec-
ification.
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Figure NCD-1132.2-1
Attachments in the Component Support Load Path That Do Not Perform a Pressure-Retaining Function

(1) Component shall confoimfo Subsection NCD.
@ Pressure-retaining portion of the component.
@ Jurisdictional boundary (heavy line).

@ Cast or forged attachment or weld buildup shall
conforfm/to 'Subsection NCD.

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

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

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

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

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

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

@D Drilled holes shall conform to Subsection NCD.

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

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

2t 10

10 8 11
@ Component shall conform to Subseection NCD.

@ Pressure-retaining portion ofthe’ component.
@ Jurisdictional boundary (heavy line).

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

0 @ At or within 2f from the pressure-retaining
portion of the edmponent, the material of the
first welded'nonstructural attachment shall
conform;te NCD-2190; design is outside Code
jurisdiction.

At of within 2t from the pressure-retaining
portion of the component, the first connecting

weld shall conform to NCD-4430.
2t =

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

Bearing, clamped, or fastened nonstructural
attachment is outside Code jurisdiction.

@ @,

©

Nonstructural attachment connection is out-
side Code jurisdiction.

®

At or within 2t from the pressure-retaining
portion of the component, the interaction
effects of the nonstructural attachment shall
be considered in accordance with NCD-3135.

@ Drilled holes shall conform to Subsection NCD.

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

Component shall éonform to Subsection NCD.
Pressure-retaining portion of the component.
JurisdictionalNooundary (heavy line).

Cast or_forged attachment or weld buildup shall
conform to Subsection NCD.

Welded attachment shall conform to Subsec-
tion NCD.

Bearing, clamped, or fastened attachment shall
conform to Subsection NCD.

Attachment connection shall conform to Sub-
section NCD.

@ Q@ @\ GO

Drilled holes shall conform to Subsection NCD.

i

GENERAL NOTE: These sketches are intended to show jurisdictional concepts and should not be considered as recommended configurations.
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ARTICLE NCD-2000
MATERIAL

NCD-2100 GENERAL REQUIREMENTS FOR
MATERIAL

NCD-2110 SCOPE OF PRINCIPAL TERMS
EMPLOYED

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

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

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

(1) plate — the thickness is the dimension of the
short transverse direction;

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

(-a) hollow forgings — the nominal thickness is
measured between the inside and outsidessurfaces
(radial thickness);

(-b) diskforgings (axiallengthlessthan the outside
diameter) — the nominal thickness/is the axial length;

(-c) flat ring forgings (axial\length less than the
radial thickness) — for axial fength < 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 js-the nominal thickness.

(3) Castings

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

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

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

(a) Pressure-retaining material shallconform to the re-
quirements of one of the specifications for materials given
in Section II, Part D, Subpart™, Tables 1A, 1B, and 3,
including all applicable notes in the tables, and to all
of the requirements of-tlis Article that apply to the
product form in which the' material is used. Attachments
that perform a presSuré-retaining function shall be pres-
sure-retaining material. Alternatively, items manufac-
tured using advanced manufacturing shall conform to
the requirements of Section III Appendices, Mandatory
Appendix XXVIII. For vessels that are designed in accor-
danceswith NCD-3200, the materials shall be restricted to
thoSe materials listed in Section II, Part D, Subpart 1,
Tables 2A, 2B, and 4, including all applicable notes in
the tables, and to the following clad product specifications,
provided they are composed of materials listed in Section
I, Part D, Subpart 1, Tables 24, 2B, and 4:

(1) SA-263, Specification for Corrosion-Resisting
Chromium-Steel Clad Plate, Sheet, and Strip

(2) SA-264, Specification for Corrosion-Resisting
Chromium-Nickel Steel Clad Plate, Sheet, and Strip

(3) SA-265, Specification for Nickel and Nickel-Base
Alloy Clad Steel Plate

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

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

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

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

(3) line valve disks in valves — whose inlet connec-
tions are NPS 2 (DN 50) and smaller

(d) Material for line fittings and valves, NPS 1 (DN 25)
and less, may be of material made to specifications other
than those listed in Section I, Part D, Subpart 1, provided

(23)
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that the fittings are in conformance with the requirements
of NCD-3671.4, the valves meet the requirements of
NCD-3500, and the material is determined to be adequate
for the service conditions by the piping system designer
for fittings.

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

(f) Therequirements ofthis Article do notapply to hard
surfacing or corrosion resistant weld metal overlay which
is 10% or less of the thickness of the base material
(NCD-3122).

NCD-2122 Special Requirements Conflicting With
Permitted Material Specifications

Special requirements stipulated in this Article shall
apply in lieu of the requirements of the material specifica-
tions wherever the special requirements conflict with the
material specification requirements (NCA-4256). Where
the special requirements include an examination, test, or
treatment which is also required by the material specifi-
cation, the examination, test, or treatment need be
performed only once. Required nondestructive examina-
tions shall be performed as specified for each product
form in NCD-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 NED-4121.1.
Any hydrostatic or pneumatic pressure.test required
by a material specification need notbe performed,
provided the material is identified.as not having been
pressure tested and it is subsequehtly pressure tested
in accordance with NCD-6114e%cept where the location
of the material in the component or the installation would
prevent performing anynnondestructive examination
required by the matetial specification to be performed
subsequent to the hydrostatic or pneumatic test.

(a) The stress*tupture test of SA-453 and SA-638 for
Grade 660 (UNS S66286) is not required for design
temperaturescof 800°F (427°C) and below.

(b) Inaddition to tension testing required by the mate-
rial specification, forgings produced for flat heads and
tubesheets with integrally forged hubs, for butt
welding to the adjacent shell, head, or other pressure
part, shall have tensile tests performed in accordance
with NCD-4243.3. The tension test specimen shall be
located in accordance with NCD-4243.3 and Figure
NCD-4243.3-1.

NCD-2124 Material Size Ranges and Tolerances

(a) Material outside the limits of size or thickness given
inany specification in Section Il may be used if the material
is in compliance with the other requirements of the spec-
ification and no size limitation is given in this Subsection.
In those specifications in which chemical composition or
mechanical properties are indicated to vary with size.or
thickness, any material outside the specification.farige
shall be required to conform to the composition and
mechanical properties shown for the nearest. specified
range (NCA-4256).

(b) Plate material shall be ordered notthinner than the
design thickness. Components, except.for piping, made of
plate furnished with an undertolerance of not more than
the lesser value of 0.01 in. (0.25 tam) or 6% of the ordered
thickness, may be used at the'full design pressure for the
thickness ordered. If the specification to which the plate is
ordered allows a greater undertolerance, the ordered
thickness of the material shall be sufficiently greater
than the design thickness so that the thickness of the mate-
rial furnished$snot more than the lesser of 0.01 in. (0.25
mm) or 6% under the design thickness.

(c) If pipe or tube is ordered by its nominal wall thick-
ness,.the manufacturing undertolerance on wall thickness
shall.be taken into account. The manufacturing under-
tolerances are given in the several pipe and tube speci-
fications listed in the applicable Tables in Section 1], Part D,
Subpart 1. After the minimum wall thickness is deter-
mined (NCD-3641.1), it shall be increased by an
amount sufficient to provide for the manufacturing under-
tolerance allowed in the pipe or tube specification.

NCD-2125 Material in Combination®

A component may be constructed of any combination of
materials permitted in Article NCD-2000, provided the ap-
plicable rules are followed and the requirements of
Section IX for welding dissimilar metals are met.

NCD-2126 Finned Tubes

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

(a) The requirements of NCD-2550 shall be met by the
tube before finning.

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

(c) The allowable stress values shall be those given in
Section II, Part D, Subpart 1, Tables 1A and 1B for the tube
material from which the finned tube is made.

(d) After finning, each tube shall be subjected to one of
the following tests:
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(1) an internal pneumatic pressure test at not less
than 250 psi (1.7 MPa) without evidence of leakage;
the test method, such as immersion of the tube under
water during the test, shall permit visual detection of
any leakage;

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

(e) A visual examination shall be performed after
finning. Material having discontinuities, such as laps,
seams, or cracks, is unacceptable. The visual examination
personnel shall be trained and qualified in accordance
with the Material Organization’s Quality System
Program or the Certificate Holder’s Quality Assurance
Program. These examinations are not required to be
performed either in accordance with procedures qualified
to NCD-5100 or by personnel qualified in accordance with
NCD-5500.

NCD-2126.2 Welded Finned Tubes. Welded finned
tubes may be made from P-No. 1 and P-No. 8 tubular
products (pipe or tubing) that conform to one of the speci-
fications for tubes listed in Section II, Part D, Subpart 1,
Table 1A, and to all of the special requirements of this
Article which apply to that product form. Heat transfer
fins shall be of the same P-Number as the tube and
shall be attached by a machine welding process, such
as the electric resistance welding or the high frequency
resistance welding process. In addition, the following re-
quirements shall apply:

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

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

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

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

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

NCD-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. Material for nuts
shall conform to SA-194 or to the requirements of one
of the specifications for nuts or bolting listed in
Section II, Part D, Subpart 1, Table 3. Refer to

Section 11, Part D, Subpart 1, Table 4 for bolting material
for vessels designed to the requirements of NCD-3200.

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

NCD-2130 CERTIFICATION OF MATERIAL
NCD-2131 For Class 2 Components

All materials used in the construction of comiponents
shall be certified as required in NCA-1224and NCA-
1225. Certified Material Test Reports are . required for
pressure-retaining material except 45 'provided by
NCA-1224. A Certificate of Compliance,;may be provided
inlieu of a Certified Material Test Report for all other mate-
rial. Copies of all Certified Material Test Reports and Certi-
ficates of Compliance applicable to material used in a
component shall be furnished with the material.

NCD-2132 For Class-3 Components

All materials Gsed in the construction of components
shall be certified as required in NCA-1224 and NCA-
1225. Certified Material Test Reports are required for
pressure-retaining material except as provided by
NCA-1224, and for small products as defined in
NCD-2610(c). A Certificate of Compliance may be
provided in lieu of a Certified Material Test Report for
all other material. Copies of all Certified Material Test
Reports and Certificates of Compliance applicable to mate-
rial used in a component shall be furnished with the mate-
rial.

NCD-2140 WELDING MATERIALS

For the requirements governing the materials to be
used for welding, see NCD-2400.

NCD-2150 MATERIAL IDENTIFICATION
NCD-2151 For Class 2 Items

The identification of pressure-retaining material shall
meet the requirements of NCA-4256. Material for small
items shall be controlled during manufacture and instal-
lation of the item so that the material is identifiable as
acceptable at all times. Welding and brazing materials
shall be controlled during the repair of material and
the manufacture and installation of the items so that
they are identifiable as acceptable until the material is
actually consumed in the process (NCD-4122).

NCD-2152 For Class 3 Items

All material shall be marked in accordance with the
marking requirements of the material specification. Mate-
rial for small items shall be controlled during manufacture
and installation of the item so that the material is

(23)
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identifiable as acceptable at all times. Welding and brazing
materials shall be controlled during the repair of material
and the manufacture and installation of the items so that
they are identifiable as acceptable until the material is
actually consumed in the process (NCD-4122).

NCD-2160 DETERIORATION OF MATERIAL IN
SERVICE

Consideration of deterioration of material caused by
service is generally outside the scope of this Subsection.
It is the responsibility of the Owner to select material
suitable for the conditions stated in the Design Specifica-
tions [NCA-3211.19(b)] with specific attention being
given to the effects of service conditions upon the proper-
ties of the material. Special consideration shall be given to
the influences of weld residual stresses on inservice mate-
rial degradation, such as stress corrosion cracking.

NCD-2170 HEAT TREATMENT TO ENHANCE
IMPACT PROPERTIES

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

NCD-2180 PROCEDURES FOR HEAT TREATMENT
OF MATERIAL

When heat treating temperature or time is required by
the material specification and the rules of this Subsection,
the heat treating shall be performed in.temperature-
surveyed and temperature-calibrated-furnaces or the
heat treating shall be controlled by measurement of mate-
rial temperature by thermocouplés)in contact with the
material or attached to blocks in¢ontact with the material
or by calibrated pyrometric) insStruments. Heat treating
shall be performed under furnace loading conditions
such that the heat treéatment is in accordance with the
material specification,and the rules of this Subsection.

NCD-2190 NON-PRESSURE-RETAINING
MATERIAL

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

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

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

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

NCD-2210 HEAT TREATMENT REQUIREMENTS

NCD-2211 Test Coupon Heat Treatment for Ferritic
Material®

Where ferritic steel material is,Subjected to heat treat-
ment during fabrication or installation of a component, the
material used for the tensile and impact test specimens
shall be heat treated 40 the same manner as the compo-
nent, except that teSt goupons and specimens for P-No. 1
Group Nos. 1 and.2 material with a nominal thickness of 2
in. (50 mm) oftless are not required to be so heat treated
where nominal thickness for flanges refers to the wall
thickness.at the weld joint to the pipe or component.
The Certificate Holder shall provide the Material Organi-
zation' with the temperature and heating and cooling rate
tobe used. In the case of postweld heat treatment, the total
time at temperature or temperatures for the test material
shall be at least 80% of the total time at temperature or
temperatures during actual postweld heat treatment of
the material, and the total time at temperature or tempera-
tures for the test material, coupon, or specimen may be
performed in a single cycle.

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

NCD-2212.1 Cooling Rates. Where ferritic steel mate-
rial is subjected to quenching from the austenitizing
temperature, the test coupons representing those mate-
rials shall be cooled at a rate similar to and no faster than
the rate at which the main body of the material was cooled,
except in the case of certain forgings and castings
(NCD-2223.1.3 for Class 2, NCD-2223.2.3 for Class 3,
and NCD-2226). This rule shall apply for coupons
taken directly from the material as well as for separate
test coupons representing the material, and one of the
general procedures described in NCD-2212.2 or one of
the specific procedures described in NCD-2220 shall be
used for each product form.

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

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

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

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

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

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

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

It shall be demonstrated (and this information shall be
included in the Certified Material Test Report) that the
cooling rates are equivalent to (a) or (b) above.

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

NCD-2221 General Requirements

The procedure for obtaining ¢est specimens for
quenched and tempered material 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. Refer-
ences to dimensions gignify nominal values.

NCD-2222 Plates

NCD-2222.1 Orientation and Location of Coupons.
Coupons shall be taken so that specimens shall have
their.longitudinal axes at least Y4t from a rolled
surfage and with the midlength of the specimen at
least t from any heat-treated edge, where t is the
nominal thickness of the material.

NCD-2222.2 Requirements for Separate Test Coupons.
Where a separate test coupon is used to represent the
component material, it shall be of sufficient size to
ensure that the cooling rate of the region from which
the test coupons are removed represents the cooling
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rate of the material at least %t deep and t from any
edge of the product. Unless cooling rates applicable to
the bulk pieces or product are simulated in accordance
with NCD-2212.2, the dimensions of the coupon shall
be notless than 3t x 3t x t, where t is the nominal material
thickness.

NCD-2223 Forgings

NCD-2223.1 Location of Test Coupons for Class 2
Forgings.

NCD-2223.1.1 Forgings With 2 in: (50 mm)
Maximum Thickness. For forgings with a maximum thick-
ness of 2 in. (50 mm) the coupons shall be.taken so that
specimens shall have their longitudinal axes at the
midplane of the thickness or the(¢enter of the cross
section and with the midlength-of the specimens at
least 2 in. (50 mm) from any;'second surface.

NCD-2223.1.2 Forgings With Thickness Exceeding
2 in. (50 mm). For fopgings exceeding a thickness of 2 in.
(50 mm) the couponsvshall be taken so that specimens
shall have theitlgngitudinal axes at least Yt of the
maximum heat-treated thickness from any surface and
with the midlength of the specimens at least t from
any second“surface. This is normally referred to as %t
x t, where t is the maximum heat-treated thickness. A
thermal buffer may be used to achieve the above condi-
tions [NCD-2212.2(c)(3)] unless cooling rates applicable
to the bulk forgings are simulated in accordance with
NCD-2212.2.

NCD-2223.1.3 Very Thick and Complex Forgings.
Test coupons for forgings which are both very thick and
complex, such as contour nozzles, thick tubesheets,
flanges, nozzles, and other complex forgings that are
contour shaped or machined to essentially the finished
product configuration prior to heat treatment, may be
removed from prolongations or other stock provided
on the product. The Certificate Holder shall specify the
surfaces of the finished product subjected to high
tensile stresses in service. The coupons shall be taken
so that specimens shall have their longitudinal axes at
a distance below the nearest heat-treated surface, equiva-
lent to atleast 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 not be nearer than %, in. (19
mm) to any heat-treated surface and the midlength of the
specimens shall be at least 1% in. (38 mm) from any heat-
treated surface.

NCD-2223.1.4 Coupons From Separately
Produced Test Forgings. Test coupons representing
forgings from one heat and one heat treatment lot may
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be taken from a separately forged piece under the condi-
tions given in (a) through (e) below.

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

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

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

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

(e) Test coupons for complex forgings shall be taken in
accordance with NCD-2223.1.3.

NCD-2223.1.5 Test Specimens for Forgings. When
test specimens for forgings are to be taken under the ap-
plicable specification, the Inspector shall have the option
of witnessing the selection, placing an identifying stamp
on them, and witnessing the testing of these specimens:

NCD-2223.2 Location of Test Coupons for Class 3
Forgings.

NCD-2223.2.1 General Requirements/ The longi-
tudinal axis of the test specimens shallibe located at
least /4t from the nearest surface. The-gage length of
tension test specimens and the area under the notch of
Charpy specimens shall be located at a distance of at
least t from any second surface to compensate for
faster cooling rates at the{edges. The variable t is the
maximum nominal heatxtreated thickness or cross
section of the forging:“Either of the following methods
may be used to obtain the required distance from any
second surface:

(a) MethodAvA thermal buffer ring atleastt x tin cross
section, or sections of such a ring atleast 3¢ in length, shall
be welded to the test end of a forging prior to heat treat-
mentfor mechanical properties. The buffer material may
be @ny weldable carbon or low alloy steel and shall be
joined to the forging with a partial penetration-type
weld that completely seals the buffered surface. The
test coupons shall be removed from the forging in the
region buffered by the ring or ring segments. If ring
segments are used, the test coupons shall be removed
from the forging in the area under the center one-third
of the buffer-ring-segment length. In either case, the lon-
gitudinal axis of the test specimens shall be located at a
minimum distance of !/, in. (13 mm) from the buffered
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surface of the forging and at least /4t from a quenched
surface of the forging.

(b) Method B. Thermal insulation or other thermal
barriers shall be used during the heat treatment adjacent
to the product surface where specimens are to be
removed. It shall be demonstrated that the cooling rate
of the test specimen location is no faster than that attained
by the method described in NCD-2223.2.1 or Method"A.
Test specimen locations shall be the same as stated for
Method A. Details of thermal insulation, including,substan-
tiation data, shall be available from the agency performing
the heat treatment.

NCD-2223.2.2 Very Thick and.Complex Forgings.
For forgings that are very thick and-complex (e.g., thick
tubesheets, flanges, nozzles, pump’and valve bodies, and
other complex forgings that)are contour-shaped or
machined essentially to.the inservice configuration
prior to heat treatment), the purchaser shall specify
the surfaces of the{inished product subjected to signifi-
canttension loading in service. The test specimens shall be
removed from.a-prolongation or other stock from the
forging orffom a test forging in accordance with
NCD-2223.2.4. They shall be taken so that the longitudinal
centefline is at a distance below the nearest heat-treated
surface equivalent to at least the greatest distance that the
significantly stressed location is from the nearest heat-
treated surface. The gage length of tension test specimens
and the area under the notch of Charpy specimens shall be
located at least twice this distance from any second heat-
treated surface. These respective locations, however, shall
not be closer than 3/, in. (19 mm) from the nearest surface
and 1%/, in. (38 mm) from any second surface.

NCD-2223.2.3 Multiple Forgings.

(a) Multiple Forgings Separated Into Identical Individ-
ual Forgings Before Quench and Temper Treatment. Atleast
one individual forging from each multiple forging in each
heat treating lot shall be tested using the test specimen
locations of NCD-2223.2.1 or NCD-2223.2.2 as specified on
the purchase order, except that test specimens located at
midlength may be closer to the ends of the production
forging than the specified distance to the second surfaces.
All forgings shall be quenched simultaneously and
tempered in the same furnace charge. All forgings from
the multiple shall be Brinell hardness tested after heat
treatment, and forgings not tested for mechanical proper-
ties shall have a Brinell hardness number (BHN) within 20
points of the BHN of the forging that has been tested for
mechanical properties.

(b) Multiple Forgings Separated After Quench and
Temper Treatment. The multiple forging shall have an inte-
gral prolongation, and when the heat-treated length of the
multiple (excluding test metal) exceeds 80 in. (2 000 mm),
each end shall have an integral prolongation. Test
specimen locations shall meet the requirements of
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NCD-2223.2.1 or NCD-2223.2.2 as specified on the
purchase order.

NCD-2223.2.4 Forgings Tested With Representa-
tive, Separately Forged Test Pieces. Separately forged test
pieces shall be used. Test specimens shall be taken from a
representative separate test forging made from the same
heat of steel as the production forgings. Separate test
forgings shall receive substantially the same reduction
and type of hot working as the production forgings,
except that a longitudinal forged bar with dimensions
not less than 3t x t may be used to represent a ring
forging. Test forgings shall be of the same nominal thick-
ness as the as-quenched production forgings and shall be
heat treated in the same furnace charge and under the
same conditions as the production forgings. For forgings
requiring impact testing, the use of representative sepa-
rate test pieces shall be limited to forgings with machined
weights of 1,000 1b (450 kg) or less, except in the case of
forgings covered by NCD-2223.2.1. Test specimen loca-
tions shall meet the requirements of NCD-2223.2.1 or
NCD-2223.2.2 as applicable. When destructively tested
production forgings are not of sufficient length to
obtain the t distance from a second surface, the location
from the second surface may be at midlength of the
forging.

NCD-2223.2.5 Quenched and Tempered Bars.

(a) For bars (other than those used for bolting mate-
rials) the coupons shall be taken so that specimens shall
have their longitudinal axes at least */,t from the outside
or rolled surface. The gage length of tension test Spéci-
mens and the area under the notch of Charpy spe¢imens
shall be indented atleast one diameter or thickfiess from a
heat-treated end.

(b) Bars With Thicknesses Exceeding /5 in. (38 mm).
For bars (other than those used for bolting materials) with
diameters or thickness exceeding-1'/, in. (38 mm), the
coupons shall be taken so that specimens shall have
their longitudinal axes at least.'/,t from the outside or
rolled surface. The gage lenigth of tension test specimens
and the area under the ndteh of Charpy specimens shall be
located at least one diameter or thickness from a heat-
treated end.

NCD-2224 Bars and Bolting Material

NCD-2224.1 Bars With 2 in. (50 mm) Maximum Thick-
ness. Ferbars with diameters or thicknesses 2 in. (50 mm)
or less, the coupons shall be taken so that specimens shall
have their longitudinal axes on a line representing the
center of the thickness and with the midlength of the speci-
mens at least one diameter or thickness from a heat-
treated end.

NCD-2224.2 Bars With Thicknesses Exceeding 2 in.
(50 mm). For bars with diameters or thicknesses over
2 in. (50 mm) the coupons shall be taken so that specimens
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shall have their longitudinal axes at least Yt 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.

NCD-2224.3 Bolting Material. For bolting material, the
coupons shall be taken in conformance with the applicable
material specification and with the midlength of the
specimen at least one diameter or thickness from a
heat-treated end. When the studs, nuts, or bolts. @re
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.tespect to the
quenched contour and size except for-length, which
shall equal or exceed the lengthcof'the represented
studs, nuts, or bolts.

NCD-2225 Tubular Products

NCD-2225.1 TubularProducts With 2 in. (50 mm)
Maximum Thickness{ For tubular products with 2 in.
(50 mm) maximum* wall thickness, the coupons shall
be taken so that.specimens shall have their longitudinal
axes on a surface midway between the outside and inside
surfaces-and'with the midlength of the specimens at least
one wall*thickness from a heat-treated end.

NCD-2225.2 Tubular Products Exceeding2in. (50 mm)
Nominal Thickness. For tubular products with nominal
wall thicknesses exceeding 2 in. (50 mm), the coupons
shall be taken so that specimens shall have their longitu-
dinal axes at least %, t from the outside surface and with
the midlength of the specimens at least one wall thickness
from a heat-treated end.

NCD-2225.3 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 NCD-2223.1.4 for
Class 2 and NCD-2223.2.4 for Class 3 shall be met.

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

NOTE: Users of this requirement should note that the harden-
ability of some grades may limit the usable section size.

(a) This section applies only to quenched-and-
tempered ferritic steel castings with a thickness t
exceeding 2 in. (50 mm), where t is the thickness of
the pressure-retaining wall of the casting excluding
flanges and sections designated by the designer as
nonpressure retaining. The order, inquiry, and drawing
shall designate what the thickness t is for the casting.

(b) One of the following shall apply:

(1) The longitudinal centering of the thickness of the
tension test specimen shall be taken at least ', t from the ¢
dimension surface. For cylindrical castings, the
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longitudinal center line of the specimens shall be taken at
least %, t from the outside or inside surface, and the gage
length at least t from the as-heat-treated end.

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

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

(4) Where specimens are to be removed from the
body of the casting, thermal insulation or other
thermal barriers shall be used during the heat treatment
process adjacent to the casting edge where specimens\are
to be removed. It shall be demonstrated that the‘eooling
rate of the test specimen is no faster than that of specimens
taken by the method described in (1). This information
shall be included in the test reports.

(5) Where castings are cast or riachined to essen-
tially the finished product configuration prior to heat
treatment, the test specimens ghall be removed from a
casting prolongation or othet stock on the product at a
location below the nearest héat-treated surface indicated
on the order. The specimiens shall be located with their
longitudinal axes a_distance below the nearest heat-
treated surface equivalent to at least the greatest distance
that the indicated high tensile stress surface will be from
the nearestheat-treated surface, and with their midlength
a minimum, of twice this distance from a second heat-
treated(surface. In any case, the longitudinal axes of
the ‘test specimens shall be no nearer than 4, in. (6
mn1) to a heat-treated surface and the midlength shall
bé at least 1% in. (38 mm) from a second heat-treated
surface. The component manufacturer shall specify the
surfaces of the finished product subjected to high
tensile stress in service.
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NCD-2300 FRACTURE TOUGHNESS
REQUIREMENTS FOR MATERIAL

NCD-2310 MATERIAL TO BE IMPACT TESTED

NCD-2311 Material for Which Impact Testing Is
Required

(a) Pressure-retaining material shall be impact tested
in accordance with the requirements of NCD-2330;except
that impact testing of materials described in-[1)*through
(9) below is not a requirement of this Subsection:

(1) material with a nominal section thickness of % in.
(16 mm) and less where thicknesses, shall be taken as
defined in (-a) through (-e) below:

(-a) for pumps, valves, and-ittings, use the largest
nominal pipe wall thickness“gfl the connecting pipes;

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

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

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

(-e) for Class 2 integral fittings used to attach
process piping to the containment vessel (Figure NE-
1110-1), use the larger nominal thickness of the pipe
connections.

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

(3) bar with a nominal cross-sectional area that does
not exceed 1 in.? (650 mm?);

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

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

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

(7) nonferrous materials;

(8) For Class 2 Only

(-a) materials listed in Table NCD-2311-1 for
which the listed value of Typr® is lower than the
Lowest Service Temperature* (LST) by an amount estab-
lished by the rules in Section III Appendices, Nonmanda-
tory Appendix R. This exemption does not exempt either
the weld metal (NCD-2430) or the welding procedure
qualification (NCD-4335) from impact testing.

(-b) materials for components for which the
Lowest Service Temperature exceeds 150°F (65°C).

(9) For Class 3 Only

(-a) materials listed in Table NCD-2311-2 in
the thicknesses shown and for Lowest Service Tempera-
tures* equal to or more than the tabulated temperatures.
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Table NCD-2311-1
For Class 2 Only — Exemptions From Impact Testing
Under NCD-2311(a)(8)

Material
Condition Tnos °F (°C)
Material [Note (1)] [Note (2)] [Notes (3), (4)]

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

NOTES:
(1) These materials are exempt from toughness testing when LST -
Tnpr is satisfied in accordance with the rules established in
Section III Appendices, Nonmandatory Appendix R.
Material Condition letters refer to
N = normalize

Q&T = quench and temper

HR = hot rolled
These values for Typr were established from data on heavy
section steel [thickness greater than 2% in. (64 mm)]. Values
for sections less than 2% in. (64 mm) thick are held constant
until additional data are obtained.
Tnpr = temperature at or above nil-ductility transition tempera-
ture NDT (ASTM E208); Tnpris 10°F (5°C) below the temperature
at which at least two specimens show no-break performance.
(5) Materials made to a fine-grain melting practice.

(2)

3)

(4)

This exemption does not exempt either the-weld metal
(NCD-2430) or the welding proceduretgualification
(NCD-4335) from impact testing.

(-b) materials for components for which the
Lowest Service Temperature excéeds 100°F (38°C).

(b) The Design Specification/shall state the Lowest
Service Temperature for the.component.

(c) For Class 2 Only. Dropweight tests are not required
for the martensitic high“alloy chromium (Series 4XX)
steels and precipitation-hardening steels listed in
Section II, Part D, Subpart 1, Table 1A. The other require-
ments of NCD-2831 and NCD-2332 apply for these steels.
For nominal wall thicknesses greater than 2% in. (64 mm),
the required’C, values shall be 40 mils (1.0 mm) lateral
expansioen.

NCD-2320 IMPACT TEST PROCEDURES

NCD-2321 Types of Tests

NCD-2321.1 For Class 2 Only — Drop Weight Tests.
The drop weight test, when required, shall be performed
in accordance with ASTM E208. Specimen types P-1, P-2,
or P-3 may be used. When drop weight tests are performed
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to meet the requirements of NCD-2300, the test tempera-
ture and the results shall be reported on the Certified
Material Test Report.

NCD-2321.2 Charpy V-Notch Tests. The Charpy V-
notch test (C,), when required, shall be performed in
accordance with SA-370. Specimens shall be in accordance
with SA-370, Figure 11, Type A. A test shall consist of a set
of three full-size 10 mm x 10 mm specimens and meet the
requirements of NCD-2330. When the material being
tested is expected to exceed 80% of the testing maghine’s
full-scale capacity, standard subsize specimens\may be
used as permitted in SA-370. When subsize, specimens
are used, the average lateral expansionfand absorbed
energy results shall be a minimumxof*50 mils (1.27
mm) and 75 ft-1b (100 ]), respectively-"The test location,
orientation, size, test temperature;lateral expansion, and
absorbed energy shall be reported in the Certified Material
Test Report.

NCD-2322 Test Specimens

NCD-2322.1 Lecation of Test Specimens. Impact test
specimens shallbetemoved from a depth within the mate-
rial that is at least as far from the material surface as that
specified-for'tensile test specimens in the material spec-
ificatioh. For bolting, the C, impact test specimens shall be
taken with the longitudinal axis of the specimen located at
least one-half radius or 1 in. (25 mm) below the surface
plus the machining allowance per side, whichever is less.
The fracture plane of the 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 length of the repre-
sented studs, nuts, or bolts.

NCD-2322.2 Orientation of Impact Test Specimens.

(a) Orientation of Specimens for C, Impact Test. Speci-
mens for C, impact tests shall be oriented as required in
NCD-2200 for the tensile test specimen or, alternatively,
the orientation may be in the direction of maximum stress.
The notch of the C, specimen shall be normal to the surface
of the material.

(b) For Class 2 Only — Orientation of Specimens for Drop
Weight Tests. Specimens for drop weight tests may have
their axes oriented in any direction.
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Table NCD-2311-2
For Class 3 Only — Exemptions From Impact Testing Under NCD-2311(a)(9)

Lowest Service Temperature for the Thickness Shown

Material Over % in. to 3%, in.  Over %, in. to 1 in. Over 1 in.to 1% in. Over1%in.to2"/,in.
Condition (16 mm to 19 mm), (19 mm to 25 mm), (25 mm to 38 mm), (38 mm to 64 mm),
Material [Note (1)] Incl. Incl. Incl. Incl.
SA-516 Grade 70 N -30°F (-34°C) -20°F (-29°C) 0°F (-18°C) 0°F (-18°C)
SA-537 Class 1 N -40°F (-40°C) -30°F (-34°C) -30°F (-34°C) -30°F (-34°C)
SA-516 Grade 70 Q&T [Note (2)] [Note (2)] [Note (2)] -10°F (-23°C)
SA-508 Class 1 Q&T [Note (2)] [Note (2)] [Note (2)] 10°F (-122C)
SA-508 Class 2 Q&T [Note (2)] [Note (2)] [Note (2)] 40°F(4°Q)
SA-533 Grade B Class 1 Q&T [Note (2)] [Note (2)] [Note (2)] 10°F\(-12°C)
[Note (3)]
SA-216 Grades WCB and Q&T [Note (2)] [Note (2)] [Note (2)] 30°F (-1°C)
wcc
SA-299 [Note (3)] N [Note (2)] [Note (2)] [Note (2)] 20°F (-7°C)
NOTES:

(1) Material Condition letters refer to
N = normalize
Q&T = quench and temper

(2) The Lowest Service Temperature shown in the “Over 1'/, in. to 2!/, in. (38 mm to 64 ‘mn)” column may be used for these thicknesses.

(3) Material made to a fine-grain melting practice.

NCD-2330 TEST REQUIREMENTS AND
ACCEPTANCE STANDARDS

NCD-2331 For Class 2 Only — Pressure-Retaining
Material Test Methods and
Temperature

Pressure-retaining material shall be impact{tested in
accordance with one of the test methods indicated below:

(a) Charpy V-notch testing at or belew the Lowest
Service Metal TemperatureS' 6

(b) drop weighttesting to show that the Lowest Service
Metal Temperature® (LST - Typr-WVis satisfied in accor-
dance with the rules established'in Section III Appendices,
Nonmandatory Appendix R

NCD-2332 For Class 2 Only — Specific Test
Methods and Acceptance Standards for
Pressure-Retaining Material for Tests
Based on Lowest Service Metal
Temperatures

NCD-2332.1 Pressure-Retaining Material Other Than
Bolting Material With 2% in. (64 mm) Maximum Thick-
ness’. Except as limited in NCD-4335, apply one of the
methods of NCD-2331 to test: base material; the base
material, the heat-affected zone, and weld metal for
the weld procedure qualification tests of NCD-4335;
and the weld metal for NCD-2431. The impact test
results shall meet one of the acceptance standards appli-
cable to the specified test method.
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(@) €harpy V-Notch Testing for Lateral Expansion
Values. The test results of the three specimens, collectively
and singly, shall meet the respective requirements of
Table NCD-2332.1-1.

(b) 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 NCD-2332.1-2.

(c) Drop Weight Testing. An acceptance test shall
consist of at least two no-break specimens as described
in ASTM E208.

NCD-2332.2 Pressure-Retaining Material Other Than
Bolting Material With Thickness’ Exceeding 2% in.
(64 mm).

(a) The base material, and the weld procedure quali-
fication weld metal tests of NCD-4335, shall be tested by
the drop weight method as specified in NCD-2321.1 and
NCD-2331(b).

(b) Except as limited in NCD-4335, apply one of the
methods of NCD-2331 to test: the base material and
the heat-affected zone of the weld procedure qualification
tests for NCD-4335; and the weld metal for NCD-2431.

(c) The acceptance standards shall be as given in
NCD-2332.1(a), NCD-2332.1(b), or NCD-2332.1(c), as ap-
plicable.

NCD-2332.3 Bolting Material. For bolting material,
including nuts, studs, and bolts, a Charpy V-notch test
shall be performed. The tests shall be performed at or
below the Lowest Service Metal Temperature, and all
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Table NCD-2332.1-1
For Class 2 Only — Required C, Lateral Expansion Values
for Pressure-Retaining Material Other Than Bolting

Material
Lateral Expansion,
mils (mm)

Nominal Wall Thickness, Average of 3 Lowest 1 of 3

in. (mm) [Note (1)] Specimens Specimens
% (16) or less [Note (2)]
Over %to 1 (16 to 25),incl. 20 (0.50) 15 (0.38)

1

Ov.er 1 to 1/ (25 to 38), 25 (0.64) 20 (0.50)

incl.

1 1

Ov.erl /2t02 /5 (3810 64), 35 (0.89) 30 (0.75)

incl.
Over 2%, (64) [Note (3)] 45 (1.14) 40 (1.0)

GENERAL NOTES:

(@) Where weld metal tests of NCD-2400 are made to these require-
ments, the impact lateral expansion shall conform to the require-
ments of either of the base materials being joined.

(b) Where two base materials having different required lateral
expansion values are joined, the weld metal lateral expansion
requirements of NCD-4330 shall conform to the requirements
of either of the base materials.

NOTES:
(1) For pumps, valves, and fittings, use the nominal pipe wall thick-
ness of the connecting pipe. For vessels, use the least of
(a) the maximum radial thickness of the item exclusive of inte-
gral butt welded projections
(b) the vessel shell thickness to which the item is welded
(c) the maximum shell thickness associated with the item for
flat heads, tubesheets, or flanges
(2) No test required.
(3) For use with NCD-2332.2(a).

three specimens shall meet the requirements of
Table NCD-2332.3-1.

NCD-2333 For Class 3 Only — Pressure-Retaining
Material Test Methods and
Temperature

NCD-2333.1 Pressure-Retaining Material Other Than
Bolting Material. Pressure-retaining material other
than bolting for yessels, tanks, piping (pipe and tubes),
pumps, valves,'and fittings shall be tested as required
by (a) and(b).

(a) AsCharpy V-notch test shall be performed at a
temperature lower than or equal to the Lowest Service
Temperature. All three specimens shall meet one of
the-acceptance standards applicable to the specific test
method.

(1) Charpy V-Notch Testing for the Lateral Expansion
Values. The test results of the three specimens, collectively
and singly, shall meet the respective requirements of
Table NCD-2333.1-1.
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(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 NCD-2333.1-2.

(b) The following materials shall be tested as described
in (a):

(1) the base material®

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

(3) the weld metal of NCD-2431

NCD-2333.2 Bolting Material.

For bolting material, including studs; nuts, and bolts, a
Charpy V-notch test shall be performed at a temperature
equal to or less than the preload)temperature or the
Lowest Service Temperature,jwhichever is less. All
three specimens shall nreet the requirements of
Table NCD-2333.2-1.

NCD-2340 NUMBEROF IMPACT TESTS REQUIRED
NCD-2341 Plates

One testshall be made from each plate as heat treated.
Where plates are furnished in the non-heat-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.

NCD-2342 Forgings and Castings

(a) General

(1) Whereanindividual forging or casting isless than
1,0001b (450 kg), one test shall be made to represent each
heat in each heat treatment charge.

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

(3) One test shall be made for each forging or casting
of 1,000 1b to 10,000 1b (450 kg to 4 500 kg).

(4) As an alternative to (3), a separate test forging or
casting may be used to represent forgings or castings of
different sizes in one heat and heat treat lot, provided the
test piece is a representation of the greatest thickness in
the heat treat lot. In addition, test forgings shall have been
subjected to substantially the same reduction and working
as the forgings represented.

(b) For Class 2 Only

(1) Forgings or castings larger than 10,000 lb
(4 500 kg) shall have two tests per part for Charpy V-
notch and one test for drop weights. The location of
drop weight or C, test specimens shall be selected so
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Table NCD-2332.1-2
For Class 2 Only — Required C, Energy Values for Pressure-Retaining Material Other Than Bolting Material

Nominal Wall Thickness,

Specified Minimum Yield Strength

Energy, ft-1b (J) [Note (1)]
Lowest 1 of 3

Average of 3

in. (mm) [Note (2)] of Base Material, ksi (MPa) Specimens Specimens
<% (s16) [Note (3)] <55 (<380)
>55 to 75 (>380 to 515), incl.
>75 to 105 (>515 to 725), incl.
>°/g to 1 (>16 to 25), incl. <55 (<380) 20 (27) 157(20)
>55 to 75 (>380 to 515), incl. 25 (34) 207(27)
>75 to 105 (>515 to 725), incl. 30 (41) 25 (34)
>1 to 1% (>25 to 38), incl. <55 (<380) 25 (34) 20 (27)
>55 to 75 (>380 to 515), incl. 30 (41) 25 (34)
>75 to 105 (>515 to 725), incl. 35,(47) 30 (41)
>1% to 2% (>38 to 64), incl. <55 (<380) 35 (47) 30 (41)
>55 to 75 (>380 to 515), incl. 40 (54) 35 (47)
>75 to 105 (>515 to 725), incl. 45 (61) 40 (54)
>2Y, (>64) [Note (4)] <55 (<380) 45 (61) 40 (54)
>55 to 75 (>380 to 515), incl. 50 (68) 45 (61)
>75 to 105 (>515 to 725), incl. 55 (75) 50 (68)

GENERAL NOTE: Where weld metal tests of NCD-2400 are made to these requirements, the impact energy shall conform to the requirements of

either of the base materials being joined.

NOTES:

(1) Where two base materials having different required energy-values are joined, the weld metal impact energy requirements of the procedure
qualification tests of NCD-4330 shall conform to the-requirements of either of the base materials.
(2) For pumps, valves, and fittings, use the nominal pipeswall thickness of the connecting pipe. For vessels, use the least of
(a) the maximum radial thickness of the itemi¢exclusive of integral butt welded projections

(b) the vessel shell thickness to which thetitem is welded

(c) the maximum shell thickness associated with the item for flat heads, tubesheets, or flanges

(3) No test required.
(4) For use with NCD-2332.2(b).

Table NCD-2332.3-1
For Class 2 Only — Required C, Values for Bolting
Material Tested in Accordance With NCD-2332.3

Nominal Diameter,
in. (mm)

1 (25) or less

Lateral Expansion,
mils (mm)

Absorbed Energy,
ft-1b (J)

No test required

No test required

Over 1, thtough 4 25 (0.64) No requirements
(25, through 100)
Ovéry4 (100) 25 (0.64) 45 (61)

that an equal number of specimens is obtained from posi-
tions in the forging or casting 180 deg apart.

(2) Asan alternative to (1) for static castings, a sepa-
rately cast coupon [NCD-2226(b)(2)] may be used; one
test shall be made for Charpy V-notch and one test for
drop weight.
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(c) For Class 3 Only

(1) Forgings or castings larger than 10,000 lb
(4500 kg) shall have two tests per part for Charpy V-
notch. The location of C, impact test specimens shall
be selected so that an equal number of specimens is
obtained from positions in the forging or casting 180
deg apart.

(2) As an alternative to (1) for static castings, a sepa-
rately cast coupon [NCD-2226(b)(2)] may be used; one
test shall be made for Charpy V-notch.

NCD-2343 Bars

One test shall be made for each lot of bars with a cross-
sectional area greater than 1 in.? (650 mm?) where a lot is
defined as one heat of material heat treated in one charge
or as one continuous operation, not to exceed 6,000 lb
(2 700 kg).
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Table NCD-2333.1-1
For Class 3 Only — Required C Lateral Expansion Values
for Pressure-Retaining Material Other Than Bolting

Material
Lateral Expansion,
mils (mm)
Average Lowest
Nominal Wall Thickness, of 3 1o0f3
in. (mm) [Note (1)] Specimens Specimens
%/g (16) or less [Note (2)]

Over °/g to 3/, (16 to 19), incl. 13 (0.33) 10 (0.25)
Over 3/, to 1 (19 to 25), incl. 15 (0.38) 10 (0.25)
Over 1 to 1'/, (25 to 38), incl. 20 (0.50) 15 (0.38)
Over 1/, to 21/, (38 to 64), incl. 25 (0.64) 20 (0.50)
Over 2/, (64) 30 (0.75) 25 (0.64)

GENERAL NOTES:

(@) When two base materials having different specified minimum
lateral expansion values are joined, the weld impact lateral
expansion requirements of the welding procedure qualification
(NCD-4330) shall conform to the requirements of either of the
base materials.

When the weld metal tests of NCD-2400 are performed to these
requirements, the impact lateral expansion shall conform to the
requirements of either of the base materials being joined.

(®)

NOTES:
(1) See (a) through (d) below.

(a) For pumps, valves, and fittings, use the largest nominal
wall thickness of the connecting pipes.

(b) For vessels and tanks, use the nominal thickness of the
shell or head, as applicable.

(c) Fornozzles or other items welded to vessels, use the lesser:
of the vessel shell thickness to which the item is welded or‘the
maximum radial thickness of the item exclusive of integral(shell
butt-welding projections.

(d) For flat heads, tubesheets, or flanges, use the\maximum
shell thickness associated with the butt-welding-hub.

(2) No test required.

NCD-2344 Tubular Products and Fittings

On products which arefseamless or welded without
filler metal, one test shall be made from each lot. On
products which are welded with filler metal, one addi-
tional test with thie specimens taken from the weld
area shall alsg:bé made on each lot. A lot shall be
defined as stated in the applicable material specification,
but in no case shall a lot consist of products from more
than one heat of material and of more than one diameter,
with the nominal thickness of any product included not
exceeding that to be impact tested by more than Y, in.
(6 mm) ; such a lot shall be in a single heat treatment
load or in the same continuous run in a continuous
furnace controlled within a 50°F (28°C) range and
equipped with recording pyrometers.
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NCD-2345 Bolting Material

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

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

Weight, 1b (kg)
1,500 (680)
3,000 (1 350)
6,000 (2.700)

10,000 (4500)

NCD-2350 RETESTS

NCD-2351 Retests for Material-Other Than Bolting
NCD-2351.1 For Class 2 Only.

(a) For Charpy V-noteh<tests required by NCD-2330,
one retest at the same temperature may be conducted,
provided the followinig’conditions are met:

(1) The avetage value of the test results meets the
average of three requirements specified in
Table NCD=2332.1-1 or Table NCD-2332.1-2, as applica-
ble.

(2)>Not more than one specimen per test is below the
lowest one of three requirements specified in
Table NCD-2332.1-1 or Table NCD-2332.1-2, as applica-
ble.

(3) The specimen not meeting the requirements is
not lower than 5 ft-1Ib (6.8 J) or 5 mils (0.13 mm)
below the lowest one of three requirements specified
in Table NCD-2332.1-1 or Table NCD-2332.1-2, as appli-
cable.

(b) Aretest consists of two additional specimens taken
as near as practicable to the failed specimens. For accep-
tance of the retests, both specimens shall be equal to or
greater than the average of three requirements specified
in Table NCD-2332.1-1 or Table NCD-2332.1-2, as appli-
cable.

NCD-2351.2 For Class 3 Only.

(a) For Charpy V-notch tests required by NCD-2330,
one retest at the same temperature may be conducted,
provided the following conditions are met:

(1) The average value of the test results meets the
average of three requirements specified in Table
NCD-2333.1-1 or Table NCD-2333.1-2, as applicable.

(2) Notmore than one specimen per test is below the
lowest one of three requirements specified in Table
NCD-2333.1-1 or Table NCD-2333.1-2, as applicable.

(3) The specimen not meeting the requirements is
not lower than 5 ft-1Ib (6.8 J) or 5 mils (0.13 mm)
below the lowest one of three requirements specified
in Table NCD-2333.1-1 or Table NCD-2333.1-2, as appli-
cable.
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Table NCD-2333.1-2
For Class 3 Only — Required C Energy Values for Pressure-Retaining Material Other Than Bolting Material

Energy, ft-1b (J)

Nominal Wall Thickness, Specified Minimum Yield Strength Average of 3 Lowest 1 of 3
in. (mm) [Note (1)] of Material, ksi (MPa) Specimens Specimens
<*/g (<16) [Note (2)] <40 (<275)

>40 to 55 (>275 to 380), incl.
>55 to 105 (>380 to 725), incl.

>%/g to 3/, (>16 to 19), incl. <40 (<275) 13 (18) 10°(14)
>40 to 55 (>275 to 380), incl. 15 (20) 107(14)
>55 to 105 (>380 to 725), incl. 20 (27) 15 (20)
>3/4 to 1 (>19 to 25), incl. <40 (<275) 15 (20) 10 (14)
>40 to 55 (>275 to 380), incl. 20 (27) 15 (20)
>55 to 105 (>380 to 725), incl. 25 (34) 20 (27)
>1 to 1'/, (>25 to 38), incl. <40 (<275) 20 (27) 15 (20)
>40 to 55 (>275 to 380), incl. 25 (34) 20 (27)
>55 to 105 (>380 to 725), incl. 30 (41) 25 (34)
>1'/, to 2/, (>38 to 64), incl. <40 (<275) 25 (34) 20 (27)
>40 to 55 (>275 to 380), incl. 35 (48) 30 (41)
>55 to 105 (>380 to 725), incl. 40 (54) 35 (48)
>2'/, (>64) <40 (<275) 30 (41) 25 (34)
>40 to 55 (>275 to 380){inck. 40 (54) 35 (48)
>55 to 105 (>380 t0,725), incl. 45 (61) 40 (54)

GENERAL NOTES:

(a) When two base materials having different specified minfimum energy values are joined, the weld impact energy requirements of the welding
procedure qualification (NCD-4330) shall conform’to the requirements of either of the base materials.

(b) When the weld metal tests of NCD-2400 are performed to these requirements, the impact energy shall conform to the requirements of either
of the base materials being joined.

NOTES:
(1) See (a) through (d) below.
(a) For pumps, valves, and<fittings, use the largest nominal wall thickness of the connecting pipes.
(b) For vessels and tankS,ise the nominal thickness of the shell or head, as applicable.
(c) For nozzles or other'items welded to vessels, use the lesser of the vessel shell thickness to which the item is welded or the maximum
radial thickness of thé;item exclusive of integral shell butt-welding projections.
(d) For flat heads;tubesheets, or flanges, use the maximum shell thickness associated with the butt-welding hub.
(2) No test required:

Table NCD-2333.2-1 (b) Aretest consists of two additional specimens taken
For Class 3 Only — Required C  Values for Bolting as near as practicable to the failed specimens. For accep-
Material tance of the retests, both specimens shall be equal to or

greater than the average of three requirements specified

Nominal Diameter, Lateral Expansion, Absorbed € X
in. (mm) mils (mm) Energy, ft-b (J) in Table NCD-2333.1-1 or Table NCD-2333.1-2, as appli-
1 (25) or less No test required No test required cable.
Over 1 through 4 15 (0.38) 30 (41) _ . .
(25 through 100) NCD-2352 Retests for Bolting Material
Over 4 (100) 20 (0.50) 35 (48) (a) For Charpy V-notch tests required by NCD-2330,

one retest at the same temperature may be conducted,
provided the following conditions are met:
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(1) Notmore than one specimen per testis below the
acceptance requirements.

(2) The specimen not meeting the acceptance re-
quirements is not lower than 5 ft-lb (6.8 J) or 5 mils
(0.13 mm) below the acceptance requirements.

(b) Aretest 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 speci-
fied acceptance requirements.

NCD-2360 CALIBRATION OF INSTRUMENTS AND
EQUIPMENT

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

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

NCD-2400 WELDING MATERIAL
NCD-2410 GENERAL REQUIREMENTS

(a) All welding material used in the construttien and
repair of components 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 faterial as permitted
in Section IX. In addition, weldingmaterial shall conform
to the requirements stated in_this subarticle and to the
rules covering identification‘in'NCD-2150.

(b) The Certificate Holder shall provide the organiza-
tion performing the teSting with the information listed
below, as applicablet

(1) welding @rocess;

(2) SFA specification and classification;

(3) other identification if no SFA specification
applies;

{4)-minimum tensile strength [NCD-2431.1(e)] of
the material in either the as-welded or heat-treated condi-
tion, or both [NCD-2431.1(c)];

(5) forClass 2 only, drop weight test results for mate-
rial in either the as-welded or heat-treated condition, or
both (NCD-2332);

(6) Charpy V-notch test results for material in either
the as-welded or heat-treated condition, or both
(NCD-2331 for Class 2 or NCD-2333 for Class 3); both
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the test temperature and either the lateral expansion
or the absorbed energy shall be provided;

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

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

(9) elements for which chemical analysis is required
per the SFA specification or WPS, and NCD-2432;

(10) minimum delta ferrite (NCD-2433).

NCD-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, dnd EGW (electrogas
welding) processes (Section,IX,)QG-109); for each heat
of consumable inserts; forieach combination of heat of
bare electrodes and lot/of'submerged arc flux; for each
combination of lot of fabricated electrodes and lot of
submerged arc flux; for each combination of heat of
bare electrodes‘erlot 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 i SFA-5.01 and the Lot Classes specified in (a)
through (e) below shall apply.

(a) each Lot Class C3 of covered electrodes.

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

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

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

(e) each Lot Class S2 of fully metallic solid welding elec-
trodes or each Lot Class T2 of tubular-cored (fabricated)
electrodes and each Lot Class F2 of submerged arc or elec-
troslag welding flux and each Lot Class S2 of supplemen-
tary powdered filler metal. The chemical analysis range of
the supplemental powdered filler metal shall be the same
as that of the welding electrode, and the ratio of powder to
electrode used to make the test coupon shall be the
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
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consumables. Tests performed on welding material in the
qualification 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 NCD-4000 and this subarticle are
made and the results conform to the requirements of
this Article.

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

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

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

(b) consumable inserts (backing filler material);

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

(d) welding material to be used for the welding of base
materials exempted from impact testing by
NCD-2311(a)(1) through NCD-2311(a)(7) or by
NCD-2311(a)(8)(-b) for Class 2 or NCD-2311(a)(9)(-b)
for Class 3 shall also be exempted from the impact
testing required by this paragraph.

NCD-2431.1 General Test Requirements. The welding
test coupon shall be made in accordance with (a) throtgh
(f) below, using each process with which the weld material
will be used in production welding.

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

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

(c) The welding of the test coupon shall be performed
within the Tange of preheat and interpass temperatures
that will'’be used in production welding. Coupons shall be
testedin the as-welded condition, or they shall be tested in
theapplicable postweld heat-treated condition when the
production welds are to be postweld heat treated. The
postweld heat treatment holding time? shall be at least
80% of the maximum time to be applied to the weld
metal in production application. The total time for post-
weld 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 component. In addition,
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weld coupons for weld metal to be used with the electro-
slag process, which are tested in the as-welded condition
or following a postweld heat treatment within the holding
temperature ranges of Table NCD-4622.1-1 or Table
NCD-4622.4(c)-1, shall have a thickness within the
range of 0.5 to 1.1 times the thickness of the welds to
be made in production. Electroslag weld coupons to be
tested following a postweld heat treatment, which {will
include heating the coupon to a temperature above’the
Holding Temperature Range of Table NCD-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) Thetensile specimens, and the(C; impact specimens
when required, shall be located @nd prepared in accor-
dance with the requirementsof SFA-5.1 or the applicable
SFA Specification. Drop wejght impact test specimens,
where required, shall be oriénted so that the longitudinal
axis is transverse to.the weld, with the notch in the weld
face or in a plane parallel to the weld face. For impact
specimen preparation and testing, the applicable parts
of NCD-2321:1"and NCD-2321.2 shall apply. The longitu-
dinal axis @fthe specimen shall be at a minimum depth of
1/4t from a'surface, where tis the thickness of the test weld.

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

(f) Impact specimens of the weld metal shall be tested
where impact tests are required for either of the base
materials of the production weld. The weld metal shall
conform to the parts of NCD-2331, NCD-2332, or
NCD-2333 applicable to the base material. Where different
requirements exist for the two base materials, the weld
metal may conform to either of the requirements for either
base material.

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

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

(b) The 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 impact specimens required by NCD-2331,
NCD-2332, or NCD-2333, as applicable.
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Table NCD-2432.1-1
Sampling of Welding Materials for Chemical Analysis

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

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

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

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

(f) The requirements of NCD-2431.1(f) skiall"\be appli-
cable to the impact testing.

NCD-2432 Chemical Analysis Test

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

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

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

(b) A-No.8 welding material to be used with other than
the GTAW and PAW processes and other welding material
to be used with other than the GTAW, PAW, or GMAW
process shall have chemical analysis performed on a
weld deposit of the material or combination of materials
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being certified in accordance with (c) or (d) below. The
removal of chemical analysis samples shall be from an
undiluted weld deposit made in accordance with (c)
below. As an alternative, the deposit shall be made in
accordance with (d) below for material that will be
used for corrosion resistant overlay cladding. Where
the Welding Procedure Specification or the welding mate-
rial specification specifies percentage composition limits
for analysis, it shall state that the specified limits apply for
the filler metal analysis, the undiluted weld deposit
analysis, or the in situ cladding deposit analysis ifi confor-
mance 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 hy.the SFA specification,
the sample shall be removed froma weld pad, groove, or
other test weld® made using the-welding process that will
be followed when the welding material or combination of
welding materials being*certified is consumed. The weld
for A-No. 8 material\to/be used with the GMAW or EGW
process shall be made using the shielding gas composition
specified in the Welding Procedure Specifications that will
be followed when the material is consumed. The test
sample for"\ESW shall be removed from the weld metal
of thesmechanical properties test coupon. Where a chem-
icallanalysis is required for a welding material which does
nothave a mechanical properties test requirement, a
chemical analysis test coupon shall be prepared as
required by NCD-2431.1(c), except that heat treatment
of the coupon is not required and the weld coupon thick-
ness requirements of NCD-2431.1(c) do not apply.

(d) The alternate method provided in (b) above for the
preparation of samples for chemical analysis of welding
material to be used for corrosion resistant overlay clad-
ding shall require a test weld made in accordance with the
essential variables of the welding procedure 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 thickness
for which the Welding Procedure Specification is qualified.

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

(a) Welding material of ferrous alloy A-No. 8 (Section
X, Table QW-442) shall be analyzed for the elements listed
in Table NCD-2432.2-1 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.
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Table NCD-2432.2-1
Welding Material Chemical Analysis

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

Materials

Cr-Ni stainless materials

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

(c) The results of the chemical analysis shall be
reported in accordance with NCA-3862.1. Elements
listed in Table NCD-2432.2-1 but not specified in the
welding material specification or Welding Procedure
Specification shall be reported for information only.

NCD-2433 Delta Ferrite Determination

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

NCD-2433.1 Method. Delta ferrite determinations of
welding material, including consumable ingeft- material,
shall be made using a magnetic measuring instrument
and weld deposits made in accordanee with (b) below.
Alternatively, the delta ferrite determinations for
welding materials may be performed by the use of the
chemical analysis of NCD-2432 in conjunction with
Figure NCD-2433.1-1.

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

(b) The weld deposit for magnetic delta ferrite deter-
mination shallbe made in accordance with
NCD-2432.1(c)-

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

NCD-2433.2 Acceptance Standards. The minimum ac-
eeptable delta ferrite shall be 5FN. The results of the delta
ferrite determination shall be included in the Certified
Material Test Report of NCD-2130 or NCD-4120.
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NCD-2440 STORAGEAND 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.

NCD-2500 EXAMINATION AND REPAIR OF
PRESSURE-RETAINING MATERIAL

NCD-2510 PRESSURE-RETAINING MATERIAL

Pressure-retaining material shall{be examined and
repaired in accordance with the‘material specification
and as otherwise required by this subarticle. Pressure-
retaining material for ASME B16.34 Special Class category
valves (NCD-3513) shall'\bé examined and repaired in
accordance with the requirements therein and as other-
wise required by tHisysubarticle. If the examination and
repair requirements of this subarticle either duplicate or
exceed the ASME'B16.34 requirements, then only the re-
quirements ‘gf)this subarticle need to be met. Size exclu-
sions or quality factor pressure ratings of this subarticle
shall fiot be applied so as to reduce the examination re-
quirerhents of ASME B16.34 for Special Class category
valves.

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

Plates shall be examined in accordance with the re-
quirements of the material specification.

NCD-2537 Time of Examination

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

(a) Examinations required by the material specifica-
tion shall be performed at the time of manufacture as
specified in the material specification.

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

(c) Magnetic particle or liquid penetrant examination
of repair welds shall be performed after any required post-
weld heat treatment, except for P-No. 1 material, which
may be examined before or after any required postweld
heat treatment.

NCD-2538 Elimination of Surface Defects

Surface defects shall be removed by grinding or
machining, provided the requirements of (a) and (b)
below are met:

(a) The depression, after defect elimination, is blended
uniformly into the surrounding surface.
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Figure NCD-2433.1-1
Weld Metal Delta Ferrite Content
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GENERAL NOTES:

(a) The actual nitrogen content is preferred. If this is notsyailable, 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.

(b) When the elimination_of/the defect reduces the
thickness of the section below the minimum required
by the design, the material shall be repaired in accordance
with NCD-2539.

NCD-2539 Repair by Welding

The Material Organization may repair by welding mate-
rials from which defects have been removed, provided the
depth of-the repair cavity does not exceed one-third of the
nominal thickness and the requirements of the following
subparagraphs are met. Prior approval of the Certificate
Holder shall be obtained for the repair of plates to be used
in the manufacture of vessels.

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

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

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

NCD-2539.4 Examination of Repair Welds. Each repair
weld shall be examined by the magnetic particle method
(NCD-2545) or by the liquid penetrant method
(NCD-2546). In addition, when the depth of the repair
cavity exceeds the lesser of % in. (10 mm) or 10% of
the section thickness, the repair weld shall be radio-
graphed in accordance with and to the applicable accep-
tance standards of NCD-5320. The image quality indicator
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(IQI) shall be based upon the section thickness of the
repaired area.

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

NCD-2539.6 Material Report Describing Defects and
Repair. Each defect repair that is required to be radio-
graphed shall be described in the Certified Material
Test Report. The Certified Material Test Report for
each piece shall include a chart which shows the location
and size of the prepared cavity, the welding material iden-
tification, the welding procedure, the heattreatment, and a
report of the results of the examinations, including radio-
graphs.

NCD-2540 EXAMINATION AND REPAIR OF
FORGINGS AND BARS

NCD-2541 Required Examinations

Forgings and bars shall be examined in accordance with
the requirements of the material specification, except
when magnetic particle or liquid penetrant examination
is specifically required by the rules of this Subsection, in
which case the examination shall conform to the require-
ments of NCD-2545 or NCD-2546, as applicable.

NCD-2545 Magnetic Particle Examination

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

NCD-2545.2 Evaluation of Indications.

(a) Mechanical discontinuities at_th'e surface are
revealed by the retention of the ekamination medium.
All indications are not necessarily defects, however,
since certain metallurgical disedntinuities and magnetic
permeability variations may)produce similar indications
which are not relevant.

(b) Any indication in‘excess of the NCD-2545.3 accep-
tance standards which is believed to be nonrelevant shall
be reexamined bythe same or other nondestructive exam-
ination methodSto verify whether or not actual defects are
present. Surface conditioning may precede the reexami-
nation. Nonrelevant indications which would mask
defects“are unacceptable.

()" Relevant indications are those which result from
imperfections. Linear indications are those 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. Indications resulting from
nonmetallic inclusions are not considered relevant indi-
cations.
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NCD-2545.3 Acceptance Standards.

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

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

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

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

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

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

NCD-2546 Liquid Penetrant Examinations

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

NCD-2546.2 Evaluation of Indications.

(a) Mechanical discontinuities at the surface are
revealed by bleeding out of the penetrant; however, loca-
lized surface discontinuities, such as may occur from
machining marks or surface conditions, may produce
similar indications which are not relevant.

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

(c) Relevant indications are those which result from
imperfections. Linear indications are those 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.

NCD-2546.3 Acceptance Standards.

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

(b) Imperfections producing the following relevant
indications are unacceptable:
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(1) any linear indications greater than % in.
(1.5 mm) long for material less than % in. (16 mm)
thick, greater than % in. (3 mm) long for material
from % in. (16 mm) thick to under 2 in. (50 mm)
thick, and %, in. (5 mm) long for material 2 in.
(50 mm) thick and greater;

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

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

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

NCD-2547 Time of Examination

The requirements for time of examination shall be the
same as stated in NCD-2537 except that

(a) magnetic particle or liquid penetrant examination
shall be performed in the finished condition

(b) forged androlled barsthataretobebored or turned
to form tubular products or fittings shall be examined after
boring or turning, except for threaded or drilled holes

NCD-2548 Elimination of Surface Defects

(a) Unacceptable surface defects shall be removed by
grinding or machining, provided the requirements of{1)
through (4) below are met.

(1) The remaining thickness of the section’is not
reduced below that required by Article NCD-3000.

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

(3) After defect elimination, the area is reexamined
by the magnetic particle methed\in accordance with
NCD-2545 or the liquid penetrant method in accordance
with NCD-2546 to ensure.that the defect has been
removed or the indication feduced to an acceptable size.

(4) Areas ground-té’remove oxide scale or other
mechanically caused impressions for appearance or to
facilitate proper ultrasonic testing need not be examined
by the magneti¢ particle or liquid penetrant method.

(b) Whencthe elimination of the defect reduces the
thickness; of'the section below the minimum required
to satisfyyArticle NCD-3000, the product shall be repaired
in dccordance with NCD-2549.

NCD-2549 Repair by Welding

The Material Organization may repair by welding mate-
rial from which defects have been removed, provided the
requirements of NCD-2549.1 through NCD-2549.6 are
met.
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NCD-2549.1 Defect Removal. The defect shall be
removed or indication reduced to an acceptable size
by suitable mechanical or thermal cutting or gouging
methods and the cavity prepared for repair (NCD-4211.1).

NCD-2549.2 Qualification of Welding Procedures and
Welders. The welding procedure and welders or welding
operators shall be qualified in accordance with
Article NCD-4000 and Section IX.

NCD-2549.3 Blending of Repaired Areas. After, repair,
the surface shall be blended uniformly into the
surrounding surface.

NCD-2549.4 Examination of Repair Welds. Each repair
weld shall be examined by the magneti¢\particle method
(NCD-2545) or by the liquid penetrant method
(NCD-2546). In addition, when tlie depth of the repair
cavity exceeds the lesser of % in. (10 mm) or 10% of
the section thickness, theyrepair weld shall be radio-
graphed after repair i-accordance with NCD-5320.
The image quality indicator (IQI) and the acceptance stan-
dards for radiographic’examination of repair welds shall
be based on the“section thickness at the repaired area.

NCD-2549:5 Heat Treatment After Repairs. The
productsshall be heat treated after repair in accordance
with the heat treatment requirements of NCD-4620.

NCD-2549.6 Material Report Describing Defects and
Repairs. Each defect repair exceeding in depth the
lesser of % in. (10 mm) or 10% of the section thickness
shall be described in the Certified Material Test Report.
The Certified Material Test Report for each piece shall
include a chart that shows the location and size of the
prepared cavity, the welding material identification,
the welding procedure, the heat treatment, and the exam-
ination results, including radiographs.

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

NCD-2551 Required Examination
NCD-2551.1 For Class 2 Only.

(a) All seam welds in welded (without filler metal)
tubular products shall be examined by one of the following
methods:

(1) ultrasonic examination in accordance with
NCD-2552;

(2) radiographic examination in accordance with
NCD-2553;

(3) eddy current examination in accordance with
NCD-2554.

(b) Wrought seamless and welded (without filler
metal) tubular products and fittings, except copper
alloy and nickel alloy tubular products and fittings,



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

ASME BPVC.III.1.NCD-2023

shall comply with the requirements of NCD-2557,
NCD-2558, and NCD-2559, in addition to the basic mate-
rial specification.

(c) Copper alloy and nickel alloy wrought seamless and
welded (without filler metal) tubular products and fittings
shall comply with the requirements of NCD-2558, in addi-
tion to the basic material specification.

NCD-2551.2 For Class 3 Only. Wrought seamless and
welded (without filler metal) tubular products and fittings
shall comply with the requirements of NCD-2557,
NCD-2558,and NCD-2559 in addition to the basic material
specification.

NCD-2552 For Class 2 Only — Ultrasonic
Examination®

NCD-2552.1 Examination Procedure for Welds in Pipe
and Tubing.

(a) Circumferential Direction — 6/, in. (170 mm) 0.D.
and Smaller. The welds in pipe and tubing shall be exam-
ined in two circumferential directions. The procedure for
ultrasonic examination of pipe and tubing in the circum-
ferential direction shall be in accordance with SE-213,
Standard Method for Ultrasonic Examination of Pipe
and Tubing for Longitudinal Discontinuities, and the re-
quirements of this paragraph. The procedure shall provide
a sensitivity which will consistently detect defects that
produce indications equal to or greater than the indica*
tions produced by standard defects included in the refery
ence specimens specified in NCD-2552.3.

(b) Pipe and Tubing Larger Than 6°/,in. (170m) O.D.
The welds in pipe and tubing shall be examined in two
circumferential directions. The procedure.for ultrasonic
examination of pipe and tubing larger fran 6%, in. (170
mm) O.D. shall be in accordance either'with the require-
ments of SA-388 for angle beam scanning in the circum-
ferential direction, or with the‘requirements of SE-213.
The reference standard shall be in accordance with
NCD-2552.3.

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

NCD-2552.2 Examination Procedure for Welds in
Fittings.

ta) Procedure. The procedure for ultrasonic examina-
tion of welds in fittings shall be in accordance with the
requirements of Recommended Practice SA-388 for
angle beam examination in two circumferential directions.

(b) Acceptance Standard. Fittings shall be unacceptable
if angle beam examination results show one or more
reflectors which produce indications exceeding in ampli-
tude the indications from the calibrated notch.
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NCD-2552.3 Reference Specimens.

(a) The reference specimen shall be of the same
nominal diameter and thickness and of the same
nominal composition and heat-treated condition as the
product which is being examined. For circumferential
scanning, the standard defects shall be axial notches or
grooves on the outside and inside surfaces of the reference
specimen and shall have a length of approximately1*in.
(25 mm) orless, awidth not to exceed % in. (1.5 mim) for a
square notch or U-notch, a width proportionaltgthe depth
for a V-notch, and a depth not greater than'the larger of
0.004 in. (0.10 mm) or 5% of the nominal'wall thickness.

(b) The reference specimen shall.be long enough to
simulate the handling of the product being examined
through the examination equipment. When more than
one standard defect is placed’in a reference specimen,
the defects shall be located so that indications from
each defectare separate and distinct without mutual inter-
ference or amplificdtion. All upset metal and burrs adja-
cent to the referénce notches shall be removed.

NCD-2552:4Checking and Calibration of Equipment.
The propér~functioning of the examination equipment
shall be_checked, and the equipment shall be calibrated
by the\use of the reference specimens, as a minimum:

{a)” at the beginning of each production run of a given
size and thickness of a given material;

(b) after each 4 hr or less during the production run;

(c) at the end of the production run;

(d) at any time that malfunctioning is suspected.

If, during any check, it is determined that the testing equip-
mentis notfunctioning properly, all of the product that has
been tested since the last valid equipment calibration shall
be reexamined.

NCD-2553 For Class 2 Only — Radiographic
Examination

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

(b) Examination Procedure. The radiographic examina-
tion shall be performed in accordance with Section V,
Article 2, as modified by NCD-5111.1.

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

(1) any type of crack or zone of incomplete fusion or
penetration;
(2) any other elongated indication which has alength
greater than:
(-a) Y in. (6 mm) for t up to ¥, in. (19 mm), inclu-
sive
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(-b) Ystfortfrom¥,in. (19 mm)to 2%, in. (57 mm),
inclusive
(-¢) %, in. (19 mm) for t over 2% in. (57 mm)
where t is the thickness of the thinner portion of the weld;
(3) any group of aligned indications having an aggre-
gate length greater than t in a length of 12¢, unless the
minimum distance between successive indications
exceeds 6L, in which case the aggregate length is unlim-
ited, L being the length of the largest indication;
(4) rounded indications in excess of that shown as
acceptable in Section IIl Appendices, Mandatory
Appendix VI.

NCD-2554 For Class 2 Only — Eddy Current
Examination

This examination method is restricted to materials with
uniform magnetic properties and of sizes for which mean-
ingful results can be obtained.

NCD-2554.1 Examination Procedure. The procedure
for eddy current examination shall provide a sensitivity
that will consistently detect defects by comparison with
the standard defects included in the reference specimen
specified in NCD-2552.3. Products with defects that
produce indications in excess of the reference standards
are unacceptable unless the defects are eliminated or
repaired in accordance with NCD-2558 or NCD-2559
as applicable.

NCD-2554.2 Reference Specimens. The reference
specimen shall be of the same nominal diameter and thick=
ness and of the same nominal composition and feat-
treated condition as the product that is being examined.
The standard shall contain tangential or circumferential
notches on the outside surface plus a %4 i1 (1.5 mm)
diameter hole drilled through the wall. These shall be
used to establish the rejection leve] fop the product to
be tested. The reference notches$hall have a depth
not greater than the larger 0£0.004 in. (0.10 mm) or
5% of the wall thickness. The width of the notch shall
not exceed Y4 in. (1.5 mm):Dhe length shall be approxi-
mately 1 in. (25 mm) or less. The size of reference speci-
mens shall be as speeified in NCD-2552.3.

NCD-2554.3 Checking and Calibration of Equipment.
The checking and calibration of examination equipment
shall be the Game as in NCD-2552.4.

NCD-2557 Time of Examination

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

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

(1) Magnetic particle or liquid penetrant examina-
tion of welds, including repair welds, shall be performed
after final heat treatment, except that the examination
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may be performed prior to postweld heat treatment
for P-No. 1 (Section IX of the Code) materials of 2 in.
(50 mm) and less nominal thickness.

(2) Forgingsandrolled barsthataretobebored and/
or turned to form tubular parts or fittings shall be exam-
ined after boring and/or turning, except for threading;
fittings shall be examined after final forming.

(3) When surface examination is required, all
external surfaces and all accessible internal surfaces
shall be examined, except for bolt holes and threads.

(4) In Addition for Class 2 Only

(-a) Ultrasonicor eddy current examination, when
required, shall be performed after final heat‘treatment,
except postweld heat treatment.

(-b) Radiographic examinatign,»when required,
may be performed prior to any required postweld heat
treatment.

NCD-2558 Elimination_of Surface Defects

Surface defects shall’be removed by grinding or
machining, provided.the requirements of (a) through
(c) below are mlet;

(a) The depréssion, after defect elimination, is blended
uniformlydinto the surrounding surface.

(b) Afterdefectelimination, the areais examined by the
method which originally disclosed the defect to assure
that the defect has been removed or reduced to an imper-
tection of acceptable size.

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

NCD-2559 Repair by Welding

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

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

NCD-2561 Required Examination
NCD-2561.1 For Class 2 Only.

(a) Welded (with filler metal) tubular products, such as
pipe made in accordance with SA-358, SA-409, SA-671, SA-
672,and SA-691 and fittings made in accordance with the
WPW grades of SA-234, SA-403, and SA-420, which are
made by welding with filler metal, shall be treated as mate-
rial. However, inspection by an Inspector and stamping
with the Certification Mark with NPT Designator shall
be inaccordance with Section Ill requirements. In addition
to the Certification Mark with NPT Designator, anumeral 2
shall be stamped below and outside the official Certifica-
tion Mark.
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(b) In addition to the requirements of the material
specification and of this Article, all welds shall be exam-
ined 100% by radiography in accordance with the basic
material specification. When radiographic examination is
not specified in the basic material specification, the welds
shall be examined in accordance with NCD-2563.

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

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

NCD-2561.2 For Class 3 Only.

(a) Welded (with filler metal) tubular products such as
pipe made in accordance with SA-134, SA-358, SA-409,
SA-671, SA-672, and SA-691 and fittings made in accor-
dance with the WPW grades of SA-234, SA-403, and SA-
420 that are made by welding with filler metal shall be
treated as materials. However, inspection by an Inspector
and stamping with the Certification Mark with NPT Desig-
nator shall be in accordance with Section Il requirements.
In addition to the Certification Mark with NPT Designator,
the numeral 3 shall be stamped below and outside the
official Certification Mark.

(b) In addition to the requirements of the matefial
specification, tubular products shall comply with-this
Article.

(c) Weld joint efficiency factors listed in Section I, Part
D, Subpart 1, Tables 1A and 1B shall apply:

(d) Tubular products and fittings thathave been radio-
graphed shall be marked to indicate thatradiography has
been performed. The radiographsyand a radiographic
report showing exposure locations shall be provided
with the Certified Material Test Report.

(e) The Authorized Inspéctor shall certify by signing
the Partial Data Report Form NM-1 (see Section IIl Appen-
dices, Mandatory Appendix V) in accordance with NCA-
5290.

NCD-2563 For Class 2 Only — Radiographic
Examination

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

NCD-2567 Time of Examination

The time of examination shall be in accordance with the
requirements of NCD-2557.

NCD-2568 Elimination of Surface Defects

Unacceptable surface defects shall be removed in accor-
dance with the requirements of NCD-2558.
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NCD-2569 Repair by Welding

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

NCD-2570 EXAMINATION AND REPAIR OF
STATICALLY AND CENTRIFUGALLY;
CAST PRODUCTS

In addition to the requirements of the material speci-
fication and of this Article NCD-2000, statieally and centri-
fugally cast products shall comply with the following
paragraphs.

NCD-2571 Required Examination
NCD-2571.1 For Class 2 Only.

(a) Castproductsshallbe examined by volumetricand/
or surface methodsfincluding repairs, as required for the
product form by.Table NCD-2571.1-1.

(b) For castwvalves furnished to ASME B16.34 Special
Class category, neither the size exclusions nor the quality
factor pressure ratings of Table NCD-2571.1-1 shall be
appliéd)so as to reduce the required examinations of
that.Standard. The required examinations by ASME
B16.34 for Special Class category valves shall be
performed in accordance with the procedures and accep-
tance standards of this Subsection.

NCD-2571.2 For Class 3 Only.

(a) Castproductsshall be examined by volumetricand/
or surface methods, including repairs, as required for the
product form by Table NCD-2571.2-1.

(b) For cast valves furnished to ASME B16.34 Special
Class category, neither the size exclusions nor the quality
factor pressure ratings of Table NCD-2571.2-1 shall be
applied so as to reduce the required examinations of
that Standard. The required examinations by ASME
B16.34 for Special Class category valves shall be
performed in accordance with the procedures and accep-
tance standards of this Subsection.

NCD-2572 Time of Nondestructive Examination

NCD-2572.1 Acceptance Examinations. Acceptance
examinations shall be performed at the time of manufac-
ture as stipulated in the following and Table
NCD-2571.1-1 for Class 2 or Table NCD-2571.2-1 for
Class 3.

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

(b) Radiographic Examination. Radiography may be
performed prior to heat treatment and may be performed
prior to or after finish machining at the following limiting
thicknesses.
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Table NCD-2571.1-1
Required Examinations for Class 2 Castings

Nominal Pipe Size

Item

Applicable Special Requirements for Class 2 Castings

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

Cast pipe fittings, pumps, and
valves

None, except for ASME B16.34 Special Class category valves which shall be
in accordance with NCD-2571.1(b).

Cast pressure-retaining
material other than pipe
fittings, pumps, and valves

Cast pressure-retaining materials shall be examined by either radiographic
or ultrasonic methods, or a combination of the two methods. Castings or
sections of castings, which have coarse grains or configurations which do
not yield meaningful results by ultrasonic examination, shall be
examined by radiographic methods (NCD-2575).

Repair welds in pumps and
valves of P-No. 1 or P-No. 8
material

None

Repair welds in cast pressure-
retaining material other than
pumps and valves of P-No. 1
or P-No. 8 material

Each repair weld shall be examined by the magnetic particle method or by
theliquid penetrant method. In addition, when radiography of the casting
isrequired, repair welds in cavities, the depth of which exceeds the lesser
of % in. (10 mm) or 10% of the section thicknéss, shall be radiographed in
accordance with NCD-2575.

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

Cast pumps and valves with a
quality factor of 1.00

Magnetic particle or liquid penetrant examination may be performed on all
external surfaces and on all accessible internal surfaces, in lieu of
volumetric examination, except theweld ends of cast pumps and valves
shall be radiographed for a mfinimum distance of t (where t is the design
section thickness of the weld)‘from the final weld end. For ASME B16.34
Special Class category valyes, see NCD-2571.1(b).

Cast pumps and valves with a
quality factor of 0.70

None

Cast pressure-retaining
material other than cast
pumps and valves

Cast pressure-retaining materials shall be examined by either radiographic
or ultrasonicmethods, or a combination of the two methods. Castings or
sections of castings, which have coarse grains or configurations which do
not yield meaningful results by ultrasonic examination, shall be
examined by radiographic methods.

Repair welds in pumps and
valves of P-No. 1 or P-No. 8
material with a quality fa€toy
of 0.70

Noné

Repair welds in casttpressure-
retaining materialother than
pumps and yvalyes of P-No. 1
or P-No. 8 material with a
quality/factor of 0.70

Each repair weld shall be examined by the magnetic particle method or by
theliquid penetrant method. In addition, when radiography of the casting
isrequired, repair welds in cavities, the depth of which exceeds the lesser
of % in. (10 mm) or 10% of the section thickness, shall be radiographed in
accordance with NCD-2575.

Inlet piping connections over
NPS 4 (DN 100)

Cast pressure-retaining
materials

Cast pressure-retaining materials shall be examined by either radiographic
or ultrasonic methods, or a combination of the two methods. Castings or
sections of castings, which have coarse grains or configurations which do
not yield meaningful results by ultrasonic examination, shall be
examined by radiographic methods. For ASME B16.34 Special Class
category valves, see NCD-2571.1(b).

Repair welds

Each repair weld shall be examined by the magnetic particle method or by
theliquid penetrant method. In addition, when radiography of the casting
isrequired, repair welds in cavities, the depth of which exceeds the less of
% in. (10 mm) or 10% of the section thickness, shall be radiographed in
accordance with NCD-2575.
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Table NCD-2571.2-1
Required Examinations for Class 3 Castings

Nominal Pipe Size

Item

Applicable Special Requirements for Class 3 Castings

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

Cast Pipe fittings, pump, and
valves

None, except for ASME B16.34 special class category valves, which shall be
in accordance with NCD-2571.2(b).

Cast pressure-retaining
material with a quality factor
of 0.80, excluding pipe
fittings, pumps, and valves

Visual examination required

Cast pressure-retaining
material with a quality factor
of 0.85, excluding pipe
fittings, pumps, and valves

Magnetic particle or liquid penetrant examination shall be perfornied on all
external surfaces and on all accessible internal surfaces.

Cast pressure-retaining
material with a quality factor
of 1.00, excluding pipe
fittings, pumps, and valves

Radiographic or ultrasonic examination required;~magnetic particle or
liquid penetrant examination optional

Repair welds

(a) When magnetic particle or liquid penetrant examination of the casting s
required, each repair shall be examined by the magnetic particle method
or by the liquid penetrant method.

(b) When radiography of the casting is required, repair welds in cavities, the
depth of which exceeds thelesser of > /g in. (10 mm) or 10% of the section
thickness, shall be.radiographed in accordance with NCD-2575.

(c) When partial radiography of a casting is required, repairs located in an
area of the casting which is not covered by radiography need only be
examined by the magnetic particle method or by the liquid penetrant
method.!

Inlet piping connections over
NPS 2 (DN 50)

Cast valves

None, exeept for ASME B16.34 special class category valves, which shall be
in aecordance with NCD-2571.2(b).

Cast pressure-retaining
material with a quality factor
of 0.80, excluding valves

Visual examination required

Cast pressure-retaining
material with a quality/factor
of 0.85, excluding valves

Magnetic particle or liquid penetrant examination shall be performed on all
external surfaces and on all accessible internal surfaces.

Cast pressure<tetaining
material with’a quality factor
of 1.00; excluding valves

Radiographic or ultrasonic examination required, magnetic particle or
liquid penetrant examination optional

Repair welds

(a) When magnetic particle or liquid penetrant examination of the castingis
required, each repair weld shall be examined by the magnetic particle
method or by the liquid penetrant method.

(b) When radiography of the castingis required, repair welds in cavities, the
depth of which exceeds the lesser of > /g in. (10 mm) or 10% of the section
thickness, shall be radiographed in accordance with NCD-2575.

(c) When partial radiography of a casting is required, repairs located in an
area of the casting which is not covered by radiography need only be
examined by the magnetic particle method or by the liquid penetrant
method.
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(1) For finished thicknesses under 2% in. (64 mm),
castings shall be radiographed within % in. (13 mm) or
20% of the finished thickness, whichever is greater. The
IQI and reference radiographs shall be based on the
finished thickness.

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

(3) Forfinished thicknessesover 6in. (150 mm) cast-
ings shall be radiographed within % in. (13 mm) or 15% of
the finished thickness, whichever is greater. The 1QI and
the acceptance reference radiographs shall be based on
the finished thickness.

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

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

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

(3) Weld ends for a minimum distance of ¢ or % in,
(13 mm) whichever is less (where t is the design section
thickness of the weld), from the final welding end shall'be
radiographed at a thickness within the limitstgiven in
(b)(1) (b)(2), or (b)(3) as applicable. As an-alternative,
the weld ends may be radiographed in thé as-cast or
rough machined thickness in accordance with (1) and
(2) above, and the IQI shall becbased on the final
section thickness.

(d) Magnetic Particle or Liquid Penetrant Examination.
Magnetic particle or liquid penetrant examination shall be
performed after the final heat treatment required by the
material specificationsRépair weld areas shall be exam-
ined after postweld heat treatment when a postweld heat
treatmentis perforined, exceptthatrepair weldsin P-No. 1
(see Section IXefthe Code) material 2 in. (50 mm) nominal
thickness an@less may be examined prior to postweld heat
treatment..For cast products with machined surfaces, all
finished-machine surfaces, except threaded surfaces and
small/deep holes, shall also be examined by magnetic
particle or liquid penetrant methods.

NCD-2573 Provisions for Repair of Base Material
by Welding

The Material Manufacturer may repair, by welding,
products from which defects have been removed,
provided the requirements of this Article are met.
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NCD-2573.1 Defect Removal. The defects shall be
removed or reduced to an imperfection of acceptable
size by suitable mechanical or thermal cutting or
gouging methods and the cavity prepared for repair.
When thermal cutting is performed, consideration shall
be given to preheating the material.

NCD-2573.2 Repair by Welding. The Material Manufac-
turer may repair castings by welding after removing the
material containing unacceptable defects. The depth ofthe
repair is not limited. A cored hole or access hole-imiay be
closed by the Material Manufacturer by welding in’accor-
dance with the requirements of this subparagraph,
provided the hole is closed by filler metal only. If the
hole is closed by welding in a metal insert, the welding
shall be performed by a holder of a Eertificate of Author-
ization in accordance with the requirements of the Code.

NCD-2573.3 Qualification of-Welding Procedures and
Welders. Each manufacturer is responsible for the welding
done by its organization,and shall establish the proce-
dures and condue¥ the tests required by Article
NCD-4000 and by~Section IX of the Code in order to
qualify both theawelding procedures and the performance
of welders,and-welding operators who apply these proce-
dures. Each/ manufacturer is also responsible for the
welding performed by its subcontractors and shall
ensure that the subcontractors conduct the tests required
by Article NCD-4000 and by Section IX of the Code in order
to qualify its welding procedures and the performance of
its welders and welding operators.

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

NCD-2573.5 Examination of Repair Welds.

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

(b) Examination of repair welds in P-No. 1 and P-No. 8
materials is not required for pumps and valves with inlet
piping connections NPS 2 (DN 50) and less.
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NCD-2573.6 Heat Treatment After Repairs. The mate-
rial shall be heat treated after repair in accordance with
the heattreatment requirements of NCD-4620, except that
the heating and cooling rate limitations of NCD-4623 do
not apply.

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

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

(b) after defect elimination, the area is reexamined by
the magnetic particle method in accordance with
NCD-2577, or the liquid penetrant method in accordance
with NCD-2576, to assure that the defect has been
removed or reduced to an imperfection of acceptable size;

(c) if the elimination of the defect reduces the section
thickness below the minimum required by the specifica-
tion or drawing, the casting shall be repaired in accor-
dance with NCD-2539.

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

NCD-2574 Ultrasonic Examination of Ferritic Steel
Castings

Ultrasonic examination shall be gpetformed in accor-
dance with Section V, Article 5, T<571.4. Each manufac-
turer shall certify that the procedure is in accordance
with the requirements of"NGD-2574 and shall make
the procedure available for ‘approval upon request.

NCD-2574.1 Acceptance Standards.

(a) The Quality Levels of SA-609 as shown in Section V
shall apply forsthe casting thicknesses indicated.

(1) Quality Level 1 for thicknesses up to 2 in. (50
mm);

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

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

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

(1) Areasgivingindications exceeding the Amplitude
Reference Line with any dimension longer than those
specified in the following tabulation are unacceptable.
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Longest Dimension of Area,

UT Quality Level in. (mm) [Notes (1)-(3)]

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

NOTES:

(1) Theareas for the Ultrasonic Quality Levels in SA-609 refer to
the surface area on the casting over which a centinuous indi-
cation exceeding the transfer corrected distance amplitude
curve is maintained.

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

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

(2

3)

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

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

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

(5) Two or more imperfections producing indica-
tions greater than permitted for Quality Level 1 for cast-
ings less than 2 in. (50 mm) in thickness, greater than
permitted for Quality Level 2 for thicknesses 2 in. (50
mm) through 4 in. (100 mm), and greater than permitted
for Level 3 for thicknesses greater than 4 in. (100 mm),
separated by a distance less than the longest dimension of
the larger of the adjacent indications are unacceptable, if
they cannotbe encompassed in an arealess than that of the
Quality Level requirements stated in (a) above.

NCD-2575 Radiographic Examination

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

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

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

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

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

(1) type and thickness of filters, if used

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

(3) blocking or masking technique, if used

(4) orientation of location markers

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

(c) Thelocation oflocation markers (e.g.,lead numbers
or letters) shall be permanently stamped on the surface of
the casting in a manner permitting the area of interest.0w a
radiograph to be accurately located on the casting‘and
providing evidence on the radiograph that the{ekxtent
of coverage required by NCD-2575.2 has been‘obtained.
For castings or sections of castings where stamping is not
feasible, the radiographic procedure shall so state, and a
radiographic exposure map shall be provided.

NCD-2575.6 Acceptance Criteria. Castings shall meet
the acceptance requiremerits of Severity Level 2 of
ASTM E446, Reference Radiographs for Steel Castings
up to 2 in. (50 mm) in Thickness, ASTM E186, Reference
Radiographs for Heavy-Walled [2 in. to 4% in. (51 mm to
114 mm)] Steel Castings, or ASTM E280, Reference Radio-
graphs for HeavyWalled [4% in. to 12 in. (114 mm to 305
mm)] Steel Castings, as applicable for the thickness being
radiographed; except Category D, E, F, or G defects are not
acceptable. The requirements of ASTM E280 shall apply
for castings over 12 in. (300 mm) in thickness.

NCD-2576 Liquid Penetrant Examination

(a) Castings shall be examined, if required, on all acces-
sible surfaces by liquid penetrant method in accordance
with Section V of the Code.
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(b) Evaluation of Indications. All indications shall be
evaluated in terms of the acceptance standards. Mechan-
ical discontinuities intersecting the surface are indicated
by bleeding out of the penetrant; however, localized
surface discontinuities, as may occur from machining
marks, scale, or dents, may produce indications which
are notrelevant. Any indication in excess of the acceptance
standards believed to be nonrelevant shall be reexamined
to verify whether actual defects are present. Surface
conditioning may precede the reexamination. Nontele-
vant indications and broad areas of pigmentation that
would mask indications of defects are unacceptable. Rele-
vant indications are those which result from imperfec-
tions and have a major dimension greater than Y in.
(1.5 mm). Linear indications are those-whose length is
more than three times the width:.Réunded indications
are those which are circular ot elliptical with the
length less than three times_the width.

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

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

(2)srounded indications with dimensions greater
thah. 4 in. (3 mm) for thicknesses less than % in. (16
mm), and greater than % in. (5 mm) for thicknesses
7 in. (16 mm) and greater;

(3) four or more indications in a line separated by
Y6 in. (1.5 mm) or less edge to edge;

(4) ten or more indications in any 6 in.? (4 000 mm?)
of surface with the major dimension of this area not to
exceed 6 in. (150 mm) taken in the most unfavorable
orientation relative to the indications being evaluated.

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

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

(b) Evaluation of Indications. All indications shall be
evaluated in terms of the acceptance standards. Mechan-
ical discontinuities intersecting the surface are indicated
by retention of the examination medium. All indications
are not necessarily defects since certain metallurgical
discontinuities and magnetic permeability variations
may produce indications that are not relevant. Any indi-
cation in excess of the acceptance standards believed to be
nonrelevant shall be reexamined to verify whether actual
defects are present. Nonrelevant indications which would
mask indications of defects are unacceptable. Surface
conditioning may precede the reexamination. Relevant
indications are those which result from imperfections
and have a major dimension greater than ¢ in.
(1.5 mm). Linear indications are those whose length is
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Figure NCD-2575.2-1
Typical Pressure-Retaining Parts of Pumps and Valves

N

M%v

(a) Typical Volute-Type Pump Case

Diffuser fins

{c) Typical Diffuser-Type Pump Case Detail

(b) Typical Diffuser-Type Pump Case
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Figure NCD-2575.2-1
Typical Pressure-Retaining Parts of Pumps and Valves (Cont’d)
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(€) Typical Flange
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(f) Typical Gate Valve (g) Typical Globe Valve -

GENERAL NOTES:

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

(b) For nondestructive examination areas of revolution, the area shall be indicated by the examine-all-around symbol: - RT - J.

(c) The sketches are typical and are to be used as a guide for minimum required coverage. Even though a sketch may be titled “pump” or “valve,”
the coverage shown by the configurations may be applied interchangeably.
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more than three times the width. Rounded indications are
those which are circular or elliptical with the length less
than three times the width.

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

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

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

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

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

NCD-2580 EXAMINATION OF BOLTS, STUDS, AND
NUTS

NCD-2581 Requirements

All bolting material shall be visually examined in accor-
dance with NCD-2582.

NCD-2582 Visual Examination

The final surfaces of threads, shanks, and heads-shall be
visually examined for workmanship, finish,dand ‘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 Ofganization’s Quality
System Program or the Certificat€ Holder’s Quality Assur-
ance Program. These examinations are not required to be
performed either in accordance with procedures qualified
to NCD-5100 or by persoennel qualified in accordance with
NCD-5500.

NCD-2600 MATERIAL ORGANIZATIONS’
QUALITY SYSTEM PROGRAMS

NCD;2610 DOCUMENTATION AND MAINTENANCE
OF QUALITY SYSTEM PROGRAMS

(a) Exceptasprovided in (b) below, Material Organiza-
tions shall have a Quality System Program that meets the
requirements of NCA-3300.
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(b) Therequirements of NCA-1224 and NCA-1225 shall
be met as required by NCD-2130. The other requirements
of NCA-3300 and NCA-4200 need not be used by Material
Organizations for small products, as defined in (c) below;
for material used in items commensurate with their
contribution to safety or risk, as defined in (d) below;
for brazing material; and for material that is allowed
by this Subsection to be furnished with a Certificaté of
Compliance. For these products, the Certificate
Holder’s Quality Assurance Program (see NCA=4100)
shall include measures to provide assurdnge that the
material is furnished in accordance with theumaterial spec-
ification and with the applicable requirements of this
Subsection.

(c) For the purpose of this paragraph, small products
are defined as given in (1) through (4) below:

(1) pipe, tube (except heat exchanger tube), pipe
fittings, and flanges NRS\2<(DN 50) and less;

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

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

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

{5)/ materials exempted by NCD-2121(c).

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

(1) The Owner or the Owner’s designee has estab-
lished that the exemption is consistent with the safety
or risk significance of the item. The determination of
the safety or risk significance of the item to design and
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.

NCD-2700 DIMENSIONAL STANDARDS

Dimensions of standard items shall comply with the
standards and specifications of Table NCA-7100-1.
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ARTICLE NCD-3000
DESIGN

NCD-3100 GENERAL DESIGN

NCD-3110 LOADING CRITERIA
NCD-3111 Loading Conditions

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

(a) internal and external pressure;

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

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

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

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

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

(g) temperature effects.

NCD-3112 Design Loadings

The Design Loadings shall be established'{n accordance
with NCA-2142.1 and the following subparagraphs.

NCD-3112.1 Design Pressure.(The specified internal
and external Design Pressures t@ be used in this Subsec-
tion shall be established in accordance with
NCA-2142.1(a).

NCD-3112.2 DesignTemperature. The specified Design
Temperature shall beiestablished in accordance with NCA-
2142.1(b). It shallbe used in conjunction with the Design
Pressure. If necessary, the metal temperature shall be
determined\by computation using accepted heat transfer
procedures or by measurement from equipmentin service
underequivalent operating conditions. In no case shall the
temperature at the surface of the metal exceed the
maximum temperature listed in the applicability
column of Section II, Part D, Subpart 1, Tables 1A, 1B,
and 3, nor exceed the maximum temperature limitations
specified elsewhere in this Subsection.
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NCD-3112.3 Design Mechanical Loads. The &pecified
Design Mechanical Loads shall be established.in accor-
dance with NCA-2142.1(c). They shall be used‘in conjunc-
tion with the Design Pressure.

NCD-3112.4 Design Allowable Stress Values.

(a) Allowable stresses for/design for materials are
listed in Section II, Part D, Subpart 1, Tables 1A, 1B,
and 3. Design stress intensity values for Class 2 vessels
designed to NCD-3200 are listed in Section II, Part D,
Subpart 1, Tables 2A¢"2B, and 4. The materials shall
not be used at¢metal and design temperatures that
exceed the temperature limit in the applicability
column for~which stress or stress intensity values are
given. The,values in the Tables may be interpolated for
intermediate temperatures.

(b). The maximum allowable compressive stress to be
tsed in the design of cylindrical shells subjected to load-
ings that produce longitudinal compressive stress in the
shell shall be the smaller of the following values:

(1) the maximum allowable tensile stress value
permitted in (a) above;

(2) the value of the factor B determined from
NCD-3133.6(b).

(c) The wall thickness of a component computed by the
rules of this Subsection shall be determined so that the
general membrane stress due to any combination of
mechanical loadings listed in NCD-3111 which are
expected to occur simultaneously during a condition of
loading for which service Level A is designated for the
component does not exceed'® the maximum allowable
stress value permitted at the Design Temperature
unless specifically permitted in other paragraphs of
this Subsection. These allowable stress values may be
interpolated for intermediate Design Temperature.

(d) For Class 3 Items

(1) When welding or brazing is performed on
nonferrous material having increased tensile strength
produced by hot or cold working, the allowable stress
value for the material in the annealed condition shall
be used for the joint design. One piece heads and seamless
shells may be designed on the basis of the actual temper of
the material.

(2) When welding or brazing is performed on
nonferrous material having increased tensile strength
produced by heat treatment, the allowable stress value



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

ASME BPVC.III.1.NCD-2023

for the material in the annealed condition shall be used for
the joint design unless the stress values for welded
construction are given in Section II, Part D, Subpart 1,
Tables 1A and 1B or unless the finished construction is
subjected to the same heat treatment as that which
produced the temper in the as-received material, provided
the welded joint and the base metal are similarly affected
by the heat treatment.

NCD-3113 Service Conditions

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

(b) When any loadings for which Level B, C, or D Service
Limits are designated are specified in the Design Specifi-
cations, they shall be evaluated in accordance with NCA-
2140 and in compliance with the applicable design and
stress limits of this Article.

NCD-3115 For Class 3 Only — Casting Quality
Factors

A casting quality factor shall be applied to the allowable
stress values for cast material given in Section II, Part D,
Subpart 1, Tables 1A and 1B.

NCD-3120 SPECIAL CONSIDERATIONS
NCD-3121 Corrosion

(a) General Materials subject to thinningby,corrosion,
erosion, mechanical abrasion, or other environmental
effects shall have provision made in the,Désign Specifica-
tions for these effects by indicating.the increase in the
thickness of the base metal over-that determined by
the design equations. Other suitable methods of protec-
tion may be used. Materialadded or included for these
purposes need not be.of the same thickness for all
areas of the component’if different rates of attack are
expected for the varidus areas.

(b) For Class 3-Only

(1) For Elass 3 items only, except as required in (3),
no additional thickness need be provided when previous
experience in like service has shown that corrosion does
not occur or is of only a superficial nature.

{2) Class 3 vessels constructed of materials listed in
Séction II, Part D, Subpart 1, Tables 1A and 1B with a
required minimum thickness of less than Y, in. (6 mm)
that are to be used in compressed air service, steam
service, or water service shall be provided with a corro-
sion allowance on the metal surface in contact with such
substance of not less than one-sixth of the calculated plate
thickness.
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(3) For Class 3 items only, telltale holes may be used
to provide some positive indication when the thickness
has been reduced to a minimum. When telltale holes
are provided, they shall be at least % in. (5 mm) in
diameter and have a depth not less than 80% of the thick-
ness required for a section of like dimensions. These holes
shall be provided in the surface opposite to that where
deterioration is expected.

NCD-3122 Cladding

The rules of this paragraph apply to the design of clad
components constructed of material permitted in Section
I, Part D, Subpart 1, Tables 1A, 1B, and 3.

NCD-3122.1 Stresses. For Class-2-vessels, no structural
strength shall be attributed<to cladding except as
permitted by NCD-3214.

NCD-3122.2 DesignDimensions. The dimensions given
in (a) and (b) below-Shall be used in the design of the
component:

(a) for componénts subjected to internal pressure, the
inside diameéter 'shall be taken at the nominal inner face of
the cladding;

(b)for components subjected to external pressure, the
outside'diameter shall be taken at the outer face of the base
metal.

NCD-3123 Welds Between Dissimilar Metals

In satisfying the requirements of this subarticle, caution
shall be exercised in construction involving dissimilar
metals having different chemical compositions, mechan-
ical properties, and coefficients of thermal expansion in
order to avoid difficulties in service.

NCD-3124 For Class 2 Only — Ductile Behavior
Evaluation

For Class 2 items, the use of material below the tempera-
ture established by the methods of NCD-2331(a) may be
justified by methods equivalent to those contained in
Section III Appendices, Nonmandatory Appendix G.

NCD-3125 Configuration

Accessibility to permit the examinations required by the
Division and Edition of Section XI as specified in the Design
Specification for the component shall be provided in the
design of the component.

NCD-3130 GENERAL DESIGN RULES
NCD-3131 General Requirements

The design shall be such that the rules of this Article are
satisfied for all configurations and loadings, using the
maximum allowable stress values S of Section II, Part
D, Subpart 1, Tables 14, 1B, and 3 in the various equations
and including the use of the standard products listed in
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Table NCA-7100-1. Use of the maximum allowable stress
values of Section I, Part D, Subpart 1, Tables 1A, 1B, and 3
does not apply to Class 2 vessels designed to the rules of
NCD-3200.

NCD-3131.1 Design Reports.

(a) The N Certificate Holder is required to provide a
Design Report as part of the responsibility for achieving
structural integrity of the component. The Design Report
shall be certified when required by NCA-3211.40(h).

(b) The Certificate Holder for construction of a Class 2
vessel conforming to the design requirements of
NCD-3200 shall provide a Design Report conforming to
the requirements of NCD-3211 and NCD-3223.2.

NCD-3131.2 Proof Test to Establish Maximum Design
Pressure. When the configuration of a component is such
that the stresses resulting from internal or external pres-
sure cannot be determined with adequate accuracy by the
rules ofthis Article, the maximum Design Pressure shall be
determined by proof testing in accordance with the rules
of NCD-6900 except for piping as otherwise provided in
this Article. This procedure does not apply to Class 2
vessels designed to the requirements of NCD-3200.

NCD-3132 Dimensional Standards for Standard
Products

Dimensions of standard products shall comply with the
standards and specifications listed in Table NCA-7100-1
when the standard or specification is referenced in the
specific design subarticle. However, compliance with
these standards does not replace or eliminate the requite-
ments for stress analysis when called for by the{design
subarticle for a specific component.

NCD-3133 Components Under External Pressure

NCD-3133.1 General. Rules are given in this paragraph
for determining the thickness uhder external pressure
loading in spherical shells, conical sections, cylindrical
shells with or without stiffening rings, formed heads,
and tubular products censisting of pipes, tubes, and
fittings. Charts for determining the stresses in shells
and hemisphericalheads are given in Section I, Part
D, Subpart 3. For Class 2 vessels designed to
NCD-3200, see~NCD-3240.

NCD-3133:2 Nomenclature. The symbols used in this
paragraph are defined as follows:

A = factor determined from Section II, Part D,
Subpart 3, Figure G and used to enter the ap-
plicable material chart in Section II, Part D,
Subpart 3. For the case of cylinders having
D,/ T values less than 10, see NCD-3133.3(b).
= factor determined from the applicable chartin

Section II, Part D, Subpart 3 for the material
used in a stiffening ring, corresponding to the
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D,

D,

Do/2h,

1/

factor B and the design metal temperature for
the shell under consideration
cross-sectional area of a stiffening ring
factor determined from the applicable chartin
Section II, Part D, Subpart 3 for the material
used in a shell or stiffening ring at the design
metal temperature, psi (MPa)

outside diameter at large end of conical
section under consideration

outside diameter of the cylindrical _shell
course, head skirt, or tube under considera-
tion

for Class 2 spherical shells and-formed heads
only, outside diameter of tlig)head skirt or
outside diameter of a cone head at the
point under consideratiof, measured perpen-
dicular to the longitudinal axis of the cone
for Class 3 only, ratio’of the major to the minor
axis of ellipsoidal heads, which equals the
outside diameter of the head skirt divided
by twice<the outside height of the head
(see(Table NCD-3332.2-1)

for\Glass 3 only, outside diameter at small end
of ‘conical section under consideration
modulus of elasticity of material at Design
Temperature, psi (MPa) . For external pres-
sure and axial compression design in accor-
dance with this Section the modulus of
elasticity to be used shall be taken from
the applicable materials chart in Section II,
Part D, Subpart 3. (Interpolation may be
made between lines for intermediate
temperatures.) The modulus of elasticity
values shown in Section I, Part D, Subpart
3 for material groups may differ from those
values listed in Section II, Part D, Subpart
2, Tables TM for specific materials. Section
II, Part D, Subpart 3 values shall be applied
only to external pressure and axial compres-
sion design.

for Class 3 only, one-half of the length of the
outside minor axis of the ellipsoidal head, or
the outside height of the ellipsoidal head
measured from the tangent line (head-bend
line)

available moment of inertia of the stiffening
ring about its neutral axis, parallel to the
axis of the shell

available moment of inertia of the combined
ring-shell cross section about its neutral axis,
parallel to the shell. The width of the shell,
which is taken as contributing to the
combined moment of inertia, shall not be

greater than 1.10 \/D,T,, and shall be taken

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

required moment of inertia of the stiffening
ring about its neutral axis parallel to the
axis of the shell

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

for Class 2 only, factor depending on the
ellipsoidal head proportions (see
Table NCD-3332.2-1)

for Class 3 only, factor depending on the ellip-
soidal head proportions D,/2h, (see
Table NCD-3332.2-1)

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

(a) the distance between head tangent
lines plus one-third of the depth of each
head if there are no stiffening rings (excluding
conical heads and sections)

(b) the distance between cone-to-cylinder
junctions for vessels with a cone or conical
head if there are no stiffening rings

(c) the greatest center-to-center distance
between any two adjacent stiffening rings

(d) the distance from the center of the first
stiffening ring to the head tangent line plus
one-third of the depth of the head (excluding
conical heads and sections), all measured
parallel to the axis of the vessel

(e) the distance from the first stiffening
ring in the cylinder to the cone*té-cylinder
junction

(f) the axial length of th&eonical heads and
sections as given in NC€D-3133.4(e), and
Section I Appendices, Mandatory Appendix
XXII
equivalent length of conical section
(L/2)(1 + Dg/Dy)
one-half of the distance from the center line of
the stiffening ring to the next line of support
on one’side, plus one-half of the center line
distance to the next line of support on the
other side of the stiffening ring, both
measured parallel to the axis of the compo-
nent. A line of support is

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

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

(c) acircumferential connection to a jacket
for a jacketed section of a cylindrical shell, or

(d) a cone-to-cylinder junction
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P = external Design Pressure, psi (MPa) (gage or
absolute, as required)

P, = allowable external pressure, psi (MPa) (gage
or absolute, as required)

R = for Class 2 only, the following:

(a) the inside radius of spherical shell, cy-
lindrical shell, or tubular product

(b) for hemispherical heads, the inside
radius in the corroded condition

(c) for ellipsoidal heads, the.equivalent
inside spherical radius taken as KD,

(d) for torispherical heads, the inside
radius of the crown portion*of the head in
the corroded condition

= for Class 3 only, the following:

(a) the inside radius of cylindrical shell or
tubular product ifn"the corroded condition

(b) for hemispherical heads, the outside
radius in the corroded condition

(c) forsellipsoidal heads, the equivalent
outside spherical radius taken as K;D, in
thecorroded condition

(d) for torispherical heads, the outside
radius of the crown portion of the head in
the corroded condition

S = the lesser of twice the allowable stress at
design metal temperature from Section I,
Part D, Subpart 1, Tables 1A, 1B, and 3 or
0.9 times the tabulated yield strength at
design metal temperature from Section I,
Part D, Subpart 1, Table Y-1, psi (MPa)

T = minimum required thickness of cylindrical
shell or tube, spherical shell, or formed
head after forming. For Class 2 applications,
this does not consider the corroded condition.
For Class 3 applications, this does consider the
corroded condition.

T, = effective thickness of conical section

= T cos a
T,, = nominal thickness used, less corrosion allow-
ance, of a cylindrical shell or tube

a = one-half the apex angle in conical heads and
sections, deg

NCD-3133.3 Cylindrical Shells and Tubular Products.
The thickness of cylinders under external pressure shall
be determined by the procedure given in (a) or (b) below.

(a) Cylinders Having D,/T Values = 10

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

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

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

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

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

4B
3(Dy/T)

P, =

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

2AE

3(Dy/T)

P, =

Step 8. Compare P, with P. If P, is smaller than P,
select alarger value for T'and repeat the design procedure
until a value of P, is obtained that is equal totet 'greater
than P.

(b) Cylinders Having D,/T Values <10

Step 1. Using the same procedureas given in (a)
above, obtain the value of B. For\Values of D,/T less
than 4, the value of factor A €an‘be calculated using
the following equation:

_ V1
(D,/T)*
For values of A greater than 0.10, use a value of 0.10.

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

2.167
(Dy/T)

al —

- 0.0833]3

Step 3. Calculate a value P,, using the following
equation:

_ 28
(D,/T)

1
(Dy/T)

Pa2
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Step 4. The smaller of the values of P,; calculated in
Step 2 or P, calculated in Step 3 shall be used for the
maximum allowable external pressure P,. Compare P,
with P. If P, is smaller than P, select a larger value for
T and repeat the design procedure until a value for P,
is obtained that is equal to or greater than P.

NCD-3133.4 Spherical Shells and Formed Heads.

(a) Spherical Shells. The minimum required thickness
of a spherical shell under external pressure, either.seam-
less or of built-up construction with butt jointsyshall be
determined by the procedure given in Steps«I\through 6.

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

_ 0125
(R/T)

Step 2. Using the valueofA calculated in Step 1, enter
the applicable material chattin Section II, Part D, Subpart 3
for the material under eonsideration. Move vertically to an
intersection with ¢he material/temperature line for the
Design Temperature. Interpolation may be made
between lines for intermediate temperatures. In cases
where the value at A falls to the right of the end of the
material/temperature line, assume an intersection with
the horizontal projection of the upper end of the mate-
rial/temperature line. For values of A falling to the left
of the material/temperature line, see Step 5.

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

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

B

P, =
(R/T)

Step 5. For values of A falling to the left of the appli-
cable material/temperature line for the Design Tempera-
ture, the value of P, can be calculated using the following
equation:

0.0625E

T ®/T)

a

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

(b) Hemispherical Heads. The required thickness of a
hemispherical head having pressure on the convex side
shall be determined in the same manner as outlined in
(a) above for determining the thickness for a spherical
shell.
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Figure NCD-3133.4-1
For Class 3 Only — Length L of Some Typical Conical Sections
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(c) Ellipsoidal Heads. The required thickness of an ellip-
soidal head having pressure ofi.the convex side, either
seamless or of built-up coxstruction with butt joints,
shall not be less than that determined by the following
procedure.

Step 1. Assume ayvalue for T'and calculate the value of
factor A using thefellowing equation:

0.125

~ ®/T)

Step2. Usingthevalue of A calculated in Step 1, follow
thesame procedure as that given for spherical shells in (a)
above, Steps 2 through 6.

(d) Torispherical Heads. The required thickness of a
torispherical head having pressure on the convex side,
either seamless or of built-up construction with butt
joints, shall not be less than that determined by the
same design procedure as is used for ellipsoidal heads
given in (c) above, using the appropriate value for R.
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(d) (e)

(e) For Class 3 Items Only

(1) The required thickness of a toriconical head
having pressure on the convex side, either seamless or
of built-up construction with butt joints within the
head, shall not be less than that determined from
NCD-3133.7(b) with the exception that L, shall be deter-
mined as follows:

(-a) For Figure NCD-3133.4-1, sketch (c)

|

(-b) For Figure NCD-3133.4-1, sketch (d)

D5 g ) 225

e
(-c) For Figure NCD-3133.4-1, sketch (e)

L

|

DL+DS

L, =r;sinf] + —
DLS

DL+DS

L Dp

Dy + DS
DLs

s+ 2

L, =rysinf) + 1‘2(
Ls

|
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(2) When lap joints are used in formed head
construction or for longitudinal joints in a conical head
under external pressure, the thickness shall be deter-
mined by the rules in this paragraph, except that 2P
shall be used instead of P in the calculations for the
required thickness.

(3) The required length of skirt on heads convex to
pressure shall comply with the provisions of
NCD-3324.5(c), and NCD-3324.5(g)(3) for heads
concave to pressure.

(4) Openings in heads convex to pressure shall
comply with the requirements of NCD-3330.

(5) When necessary, provisions shall be made to
vessels and heads to prevent overstressing and excessive
distortion due to external loads other than pressure and
temperature (see NCD-3111).

NCD-3133.5 Stiffening Rings for Cylindrical Shells

(a) Therequired momentofinertia ofa circumferential
stiffening ring shall be not less than that determined by
one of the following two equations:
D2L(T + A,/L)A

14

I ©

DlL(T + Ag/L)A
10.9

I @

If the stiffeners should be so located that the maximum
permissible effective shell sections overlap on either, or
both sides of a stiffener, the effective shell sectiony for
that stiffener shall be shortened by one-half of each
overlap. Stiffening rings shall be designed to ‘préclude
lateral buckling.

(b) The available moment of inertia J or1 for a stif-
fening ring shall be determined by the-following proce-
dure.

Step 1. Assuming that the shell has been designed
and D,, L, and T, are known,“select a member to be
used for the stiffening ringyand determine its cross-
sectional area A;. Then,calculate factor B using the
following equation:

PD,
T, + A,/L,

3
4

Step.2. Enter the right-hand side of the applicable
material-¢hart in Section 11, Part D, Subpart 3 for the mate-
rial'urider consideration at the value of B determined by
Step 1. If different materials are used for the shell and
stiffening ring, use the material chart resulting in the
larger value of A in Step 4 or Step 5, below.

Step 3. Move horizontally to the left to the material/
temperature line for the design metal temperature. For
values of B falling below the left end of the material/
temperature line, see Step 5.
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Step 4. Move vertically to the bottom of the chart and
read the value of A.

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

2B
E

A

Step 6. Compute the value of the required momentof
inertia from eqs. (1) and (2) provided in (a).

Step 7. Calculate the available moment of inertia, I or
I, of the stiffening ring using the section corregsponding to
that used in Step 6.

Step 8. If the required moment of inhertia is greater
than the moment of inertia for the §ection selected in
Step 1, a new section with a laggef’moment of inertia
must be selected and anew momentofinertia determined.
If the required moment of.jnertia is smaller than the
moment of inertia for the section selected in Step 1,
that section should be satisfactory.

(c) For fabrication‘ahd installation requirements for
stiffening rings, see-NCD-4437.

NCD-3133.6_Cylinders Under Axial Compression. The
maximum‘allowable compressive stress to be used in the
designofcylindrical 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 (a) or (b) below:

(a) the S value for the applicable material at design
temperature given in Section II, Part D, Subpart 1,
Tables 1A, 1B, and 3;

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

Step 1. Using the selected values of T and R, calculate
the value of factor 4 using the following equation:

0.125

~ ®R/T)

Step 2. Using the value of A calculated in Step 1, enter
the applicable material chartin SectionII, Part D, Subpart 3
for the material under consideration. Move vertically to an
intersection with the material/temperature line for the
Design Temperature. Interpolation may be made
between lines for intermediate temperatures. In cases
where the value at A falls to the right of the end of the
material/temperature line, assume an intersection with
the horizontal projection of the upper end of the mate-
rial/temperature line. For values 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.
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Step 4. For values of A falling to the left of the appli-
cable material/temperature line, the value of B shall be
calculated using the following equation:

Step 5. Compare the value of B determined in Step 3
or 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
must be selected and the design procedure repeated
until a value of B is obtained which is greater than the
compressive stress computed for the loading on the cy-
lindrical shell or tube. For Class 3 only, the joint efficiency
for butt-welded joints may be taken as unity.

NCD-3133.7 Conical Heads and Sections.

(a) For Class 2 Items Only. The required thickness of a
conical head under external pressure shall not be less than
that determined by the rules of (1), (2), and (3) below.

(1) When one-half of the included apex angle of the
cone is equal to or less than 221/2 deg, the thickness of the
cone shall be the same as the required thickness of a cy-
lindrical shell, the length of which equals the axial length of
the cone or the axial distance center to center of stiffening
rings, if used, and the outside diameter of which is equal to
the outside diameter at the large end of the cone or section
between stiffening rings.

(2) When one-half of the included apex angle-of‘the
coneis greater than 22 deg and not more than 60.deg the
thickness of the cone shall be the same as the required
thickness of a cylindrical shell, the outsidediameter of
which equals the largest inside diameter of the cone
measured perpendicularly to the cene axis, and the
length of which equals an axial length that is the lesser
of either the distance centefto center of stiffening
rings, if used, or the largest/inside diameter of the
section of the cone considered.

(3) When one-half.of'the included apex angle of the
cone is greater than 60 deg, the thickness of the cone shall
be the same as the fequired thickness for a flat head under
external pressure, the diameter of which equals the largest
inside diameter of the cone (NCD-3325).

(b) ForClass 3 Items Only. The required thickness of a
conicaldiead or section under pressure on the convex side,
either-seamless or of built-up construction with butt
joints, shall be determined in accordance with the
following:

(1) When «a is equal to or less than 60 deg

(-a) Cones Having D,/T, Values 210
Step 1. Assume a value for T, and determine the
ratios L./D; and D, /T..
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Step 2. Enter Section 1], Part D, Subpart 3, Figure
G atavalue of L/D, equivalent to the value of L.,/D; deter-
mined in Step 1. For values of L,/D, greater than 50, enter
the chart at a value of L,/D; = 50.

Step 3. Move horizontally to the line for the
value of D, /T equivalent to the value of D; /T, determined
in Step 1. Interpolation is permitted for intermediate
values of D, /T,. From this point of intersection, move
vertically downward to determine the value of facter A.

Step 4. Using the value of 4 calculated inStep 3,
enter the material chart in Section II, Part D{Subpart 3 for
the material under consideration. Movewvertically to an
intersection with the material/temperature line for the
design temperature (see NCD-3112:2). Interpolation
may be made between lines fordntermediate tempera-
tures. In cases where the valuecéf A falls to the right of
the end of the material /temperature line, assume an inter-
section with the horizontalprojection of the upper end of
the material/temperature line. For values of A4 falling to
the left of the matetial/temperature line, see Step 7.

Step 55 From the intersection obtained in Step 4,
move horizontally to the right and read the value of
factor B.

Step 6. Using this value of B, calculate the value
of thre maximum allowable external pressure, P,, using the
fellowing equation:

4B
3(Dr / T)

P, =

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

2AE
3(Dy / T,)

P, =

Step 8. Compare the calculated value of P,
obtained in Step 6 or Step 7 with P. If P, is smaller
than P, select a larger value for T and repeat the
design procedure until a value of P, is obtained that is
equal to or greater than P.

Step 9. Provide adequate reinforcement of the
cone-to-cylinder juncture according to Section III Appen-
dices, Mandatory Appendix XXII.

(-b) Cones Having D,/T, Values <10

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

1.1

T 0L/ T

For values of A greater than 0.10, use a value of
0.10.

Step 2. Using the value of B obtained in Step 1,
calculate the value P,; using the following equation:
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2.167

P -
(DL / T,)

al =

- 0.0SSS]B

Step 3. Calculate the value of P,, using the
following equation:

28

1
S o/l

P - -
(DL /T,)

a2

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

Step 5. Provide adequate reinforcement of the
cone-to-cylinder juncture according to Section III Appen-
dices, Mandatory Appendix XXII.

(2) When «a of the cone is greater than 60 deg, the
thickness of the cone shall be the same as the required
thickness for a flat head under external pressure, the
diameter of which equals the largest diameter of the
cone (see NCD-3325).

(3) The thickness of an eccentric cone shall be taken
as the greater of the two thicknesses obtained using both
the smallest and largest a in the calculations.

NCD-3133.8 Internal Tubes and Pipes When Used as
Tubes in Shell-and-Tube Heat Exchangers. As an alterna-
tive to NCD-3133.3, for internal tubes in shell-and-tube
heat exchangers, the required wall thickness for tubes
and pipes under external pressure may be detetmined
in accordance with Figure NCD-3133.8-1.

NCD-3135 Attachments

(a) Except as in (c) and (d) below,‘attachments and
connecting welds within the jurisdictional boundary of
the component as defined in N€D<1130 shall meet the
stress limits of the component.

(b) The design of the coniponent shall include consid-
eration of the interactioneffects and loads transmitted
through the attachment to and from the pressure-
retaining portion of'the component. For Class 2 vessels
designed to NCD>3200, thermal stresses, stress concentra-
tions, and restraint of the pressure-retaining portion of
the component shall be considered.

(c).-Beyond 2t from the pressure-retaining portion of
the(component, where t is the nominal thickness of the
pressure-retaining material, the appropriate design
rules of Article NF-3000 may be used as a substitute
for the design rules of Article NCD-3000 for portions
of attachments which are in the component support
load path.

(d) Nonstructural attachments shall meet the require-
ments of NCD-4435.
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NCD-3200 ALTERNATIVE DESIGN RULES FOR
CLASS 2 VESSELS

NCD-3210 GENERAL REQUIREMENTS

NCD-3211 Basis for Use
NCD-3211.1 Scope.

(a) This subarticle contains design rules for Class.2
vessels which may be used as an alternative to\the
design rules in NCD-3300. When these requirements
are met for design, the stress intensity‘values of
Section II, Part D, Subpart 1, Tables 24, 2B,xand 4 may
be used.

(b) These requirements provide spécific design rules
for some commonly used vessel shapes under pressure
loadings and, within specified limits, rules for treatment
of other loadings. Simplified riiles are also included for the
approximate evaluation ofdesign cyclic service life. Rules
are not given which covep all details of design.

(c) When completedfules are not provided or when the
vessel designer chooses, a complete stress analysis of the
vessel or vesselregion shall be performed considering all
the loadings 0f'NCD-3212 and the Design Specifications.
This analysis shall be done in accordance with Section I1I
Appendices, Mandatory Appendix XIII for all applicable
stress categories. Alternatively, an experimental stress
analysis shall be performed in accordance with Section
NI Appendices, Mandatory Appendix II.

(d) When these alternative design rules are used, the
special requirements of NCD-4260, NCD-5250, NCD-6221,
and NCD-6222 shall be met.

(e) ADesign Reportshall be prepared by the Certificate
Holder showing compliance with this subarticle. This
Design Report shall meet the requirements of
NCA-3211.40 for a Design Report (Section III Appendices,
Nonmandatory Appendix C).

(f) The rules of this subarticle do not apply to Class 3
vessels except under the provisions of NCA-2134(b).

NCD-3211.2 Requirements for Acceptability.

(a) The design shall be such that the requirements of
NCD-3100 and this subarticle are satisfied. In cases of
conflict, the requirements of this subarticle shall govern.

(b) The design shall be such that stress intensities do
not exceed the limits given in NCD-3216.

(c) For configurations where compressive stresses
occur, the critical buckling stress shall be taken into
account. For the special case of external pressure, the
rules of NCD-3133 shall be met.

NCD-3211.3 Materials in Combination.

(a) Avessel may be designed for and constructed of any
combination of materials permitted in Section II, Part D,
Subpart 1, Tables 2A, 2B, and 4, provided the applicable
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Figure NCD-3133.8-1

Chart for Determining Wall Thickness of Tubes Under External Pressure
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Allowable Stress, S, as Defined in NCD-3321, ksi (MPa)

GENERAL NOTE: For welded tubes or pipes, use the allowable stress for seamless material.
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rules are followed and the requirements in Section IX for
welding dissimilar metals are met.

(b) A stress analysis of a vessel region shall be made in
accordance with Section III Appendices, Mandatory
Appendix XIII unless all of the provisions of (c) or (d)
below apply. This does not obviate the need for such
analysis where required by other provisions of this subar-
ticle.

(c) See below.

(1) The junction is a girth seam between pressure
parts.

(2) Anytaperrequired because of different thickness
shall be in the material having the higher design stress
intensity, or in weld deposit appropriate for the stronger
material.

(3) No discontinuity is involved except that due to
thickness and modulus of elasticity difference.

(4) Smz < 1.2 S;1 (E2/E1) where subscripts 1 and 2
denote the material having the lower and higher design
stress intensity value, respectively, and S,, and E are as
defined in NCD-3216 and NCD-3219 respectively.

(d) See below.

(1) The junction is at a seam between pressure parts
other than a girth seam covered by (c) above.

(2) Anytaperrequired because of different thickness
is in material having the higher design stress intensity or
in weld deposit appropriate for the stronger material.

(3) Smz < 1.1 S;,1 (Ez/E1) where subscripts and
symbols are as given in (c)(4) above.

NCD-3211.4 Combination Units. When a vessel unit
consists of more than one independent chamber, Qper-
ating at the same or different pressures and temperatures,
each chamber or vessel shall be designed and censtructed
to withstand the most severe condition of coinCident pres-
sure and temperature expected. Chamber$§ which come
within the scope of this subarticle may be connected
to chambers constructed to the-ruiles of NCD-3300,
provided the connection between such chambers
meets all of the requirement$.of this subarticle.

NCD-3211.5 Minimum Thickness of Shell or Head. The
thickness after formingand without allowance for corro-
sion of any shell or head subject to pressure shall be not
less than ', in. (6 mm) for carbon and low alloy steels or %
in. (3 mm) for-stainless steel.

NCD-3211.6 Selection of Material Thickness. The
selected thickness of material shall be such that the
forming, heat treatment, and other fabrication processes
will not reduce the thickness of the material at any point
below the minimum value required by these rules.

NCD-3212 Loadings
The requirements of NCD-3111 shall apply.
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NCD-3214 Cladding

The design calculations shall be based on a thickness
equal to the nominal thickness of the base plate plus
S¢/Sp times the nominal thickness of the cladding, less
any allowance provided for corrosion, provided the condi-
tions of (a), (b), and (c) below are met.

(a) The clad product conforms to one of the clad plate
products referenced in NCD-2121 or is overlay weld clad.

(b) The joints are completed by depositing corrosion
resisting weld metal over the weld in the base material
to restore the cladding.

(c) The S, value of the weaker material is at'least 70%
of the S, value of the stronger. Where

S, = design stress intensity value for'the base material
at the Design Temperature,psi
S. = design stress intensityvalue for the cladding or, for

the weld overlay,<hat of the wrought material
whose chemistry.most closely approximates that
of the claddingy at the Design Temperature, psi

the design stresSiintensity value shall be that given for
base material\ir Section II, Part D, Subpart 1, Tables
2A, 2B, and*4.'When S, is greater than S, the multiplier
S./Sp shall,be taken equal to unity.

NCD-3215 Design Basis
NCD-3215.1 Pressure and Temperature Relationships.

(a) Table NCD-3215.1(a)-1 sets forth the pressure,
temperature, and static head relationships which shall
be considered by the designer.

(b) The design for a vessel part is usually controlled by
coincident pressure and temperature at a point. The
design shall take into account the maximum difference
in fluid pressure, which exists under the specified
service conditions, between the inside and outside of
the vessel at any point or between two chambers of a
combination unit. The design thickness for pressure
shall not include any metal added as corrosion or
erosion allowance or any metal required for any combi-
nation of loadings listed in NCD-3218 which are likely to
occur coincident with the service pressure and tempera-
ture.

NCD-3215.2 Definitions.

(a) Design Pressure. The provisions of NCD-3112.1 shall
apply.

(b) Design Temperature. The provisions of NCD-3112.2
shall apply.

(c) Service Conditions. The provisions of NCD-3113
shall apply.

(d) TestPressure. The test pressure is the pressure to be
applied at the top of the vessel during the test. This pres-
sure plus any pressure due to static head at any point
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Table NCD-3215.1(a)-1
Pressure and Temperature Relationships

Pressure at Top of Pressure Due to Static
Head [Note (1)]

Condition Vessel

Temperature Remarks

Condition 1

For vessel as a whole Design Pressure None

At any point Coincident pressure

Pressure to point under Design coincident

consideration due to
static head of vessel

contents

Coincident metal Pressure and temperature to be stamped

on nameplate

Temperature at various points may-vary,
in which case the maximum for these
conditions shall be used forthe vessel
as a whole or coincidenteonditions for
specific locations shall b€ listed on the
Certificate Holder’s, Data Report and
Stamping

temperature

Condition 2
At any point Coincident pressure

point under

Coincident pressure to

consideration due to

static head

Design Temperature Higher temperature and lower pressure
combifiations (than Condition 1) shall
bé checked or a part may be designed
for'the Maximum Design Pressure and

the Design Temperature

Condition 3

For vessel as a whole Test pressure None

At any point Test pressure

consideration due to

static head

Test temperaturé

Pressure at point under Test Temperature

Condition 4

Forvessel asawhole or
any part

Coincident pressure

Safety value setting

Minimum permissible temperature is
used together with impact testing to
determine suitability of material at
service temperature

Minimum permissible
temperature

Usually set above the service pressure
but not over the limits set in
Article NCD-7000

NOTE: (1) Similar applications shall be made for other,sources of pressure variation such as that resulting from flow.

under consideration is used in the applicable equation to
check the vessel under test conditions.

(e) Safety Valve Setting. The'pressure for which the
safety or safety relief valves are’set to open is established
by Article NCD-7000.

NCD-3216 DesigncStress Intensity Values

NCD-3216.1 Stress Tables. The design stress intensity
values §,, are;given in Section II, Part D, Subpart 1, Tables
2A, 2B, and4: Values for intermediate temperatures may
be found by interpolation. These S, values form the basis
for thevarious stress limits which are described in Section
[N Appendices, Mandatory Appendix XIII and are used in
determining the membrane stress intensity limits for the
various load combinations given in Table NCD-3217-1.

NCD-3216.2 Coefficients of Thermal Expansion and
Moduli of Elasticity. Values of the coefficients of
thermal expansion are in Section II, Part D, Subpart 2,
Tables TE, and values of the moduli of elasticity are in
Section II, Part D, Subpart 2, Tables TM.
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NCD-3216.3 Special Stress Limits. The deviations
given in (a), (b), and (c) below from the basic stress
limits are provided to cover special conditions or config-
urations.

(a) Bearing Loads

(1) The average bearing stress for resistance to
crushing under the maximum design load shall be
limited to the yield strength S, at temperature except
that, when the distance to a free edge is greater than
the distance over which the bearing load is applied, a
stress of 1.55, at temperature is permitted. For clad
surfaces, the yield strength of the base metal may be
used if, when calculating the bearing stress, the
bearing area is taken as the lesser of the actual contact
area or the area of the base metal supporting the
contact surface.

(2) When bearing loads are applied on parts having
free edges, such as ataprotruding ledge, the possibility ofa
shear failure shall be considered. The average shear stress
shall be limited to 0.6S,, in the case of design load stress
[Section III Appendices, Mandatory Appendix XIII, XIII-
1300(m)] and to 0.5S, in the case of design load stress
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plus secondary stress [Section III Appendices, Mandatory
Appendix XIII, XIII-1300(ab)]. For clad surfaces, if the
configuration or thickness is such that a shear failure
could occur entirely within the clad material, the allowable
shear stress for the cladding shall be determined from the
properties of the equivalent wrought material. If the
configuration is such that a shear failure could occur
across a path that is partially base metal and partially
clad material, the allowable shear stresses for each mate-
rial shall be used when evaluating the combined resis-
tance to this type of failure.

(3) When considering bearing stresses in pins and
similar members, the S, value at temperature is applicable,
except thatavalue of 1.55, may be used if no creditis given
to bearing area within one pin diameter from a plate edge.

(b) PureShear.The average primary shear stress across
a section under Design Loadings in pure shear, for
example, keys, shear rings, and screw threads, shall be
limited to 0.6S,,. The maximum primary shear under
Design Loadings, exclusive of stress concentration at
the periphery of a solid circular section in torsion,
shall be limited to 0.8S,,.

(c) Progressive Distortion of Nonintegral Connections.
Screwed-on caps, screwed-in plugs, shear ring closures,
and breech lock closures are examples of nonintegral
connections which are subject to failure by bell mouthing
or other types of progressive deformation. If any combi-
nation of applied loads produces yielding, such joints are
subject to ratcheting because the mating members may
become loose at the end of each complete operating
cycle and start the next cycle in a new relationship
with each other, with or without manual manipulation.
Additional distortion may occur in each cycle so thatinter-
locking parts, such as threads, can eventuallylose engage-
ment. Therefore, primary plus secofidary stress
intensities (Section III Appendices, Mandatory Appendix
XII1, XI11-3420), which result in slippage between the parts
of anonintegral connection in whi¢h disengagement could
occur as a result of progressive distortion, shall be limited
to the value S, given in Section II, Part D, Subpart 1,
Table Y-1.

NCD-3217 Design Criteria

These design.r¥equirements provide specific design
rules for certain commonly used pressure vessel
shapes under pressure loading and, within prescribed
limits, rules for the treatment of other loadings. Simplified
criteriaare included for determining whether an analysis
for cyclic operation shall be made. The thickness of the
vessel parts and attached supports covered by these
rules shall be determined by the applicable equation
using the most severe combination of loadings and
design stress intensities kS, expected to occur simulta-
neously during design and service conditions. The
basis for these equations is given in (a) through (d)
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below. Table NCD-3217-1 lists values of k that are appro-
priate for various load combinations.

(a) The theory of failure used in this subarticle is the
maximum shear stress theory, except in the case of some
specifically designated configurations, shapes, or design
rulesincluded as a part of this subarticle. Stress intensity is
defined as two times the maximum shear stress.

(b) The average value of the general primary
membrane stress intensity across the thickness of the
section under consideration P,,, due to any combination
of pressure and mechanical loadings expected<{to occur
simultaneously, should not exceed the design stress inten-
sity value kS,,.

(c) Thelocal primary membrane stressintensity P, due
to any combination of pressure and niechanical loadings
expected to occur simultaneouslygslirhited to 1.5kS,,,. The
distance over which the stress-inténsity exceeds 1.1kS,,
shall not extend in the meridional direction more than
1.0-/Rt, where R is the mean radius at the midsurface
of the shell or head and’t is the nominal thickness of
the shell or head at the/point under consideration. Exam-
ples of local primary membrane stress include

(1) membrane stressina shell produced locally by an
external lpad

(2)(membrane stress in a shell at a permanent
supportor nozzle connection

(3) circumferential membrane stress at the intersec-
tion'of a cylindrical shell with a conical shell due to internal
pressure, as illustrated in Figure NCD-3217-1

(d) The general or local primary membrane plus
bending stress intensity (P,, or P.) + P, due to any combi-
nation of pressure and mechanical loadings expected to
occur simultaneously shall not exceed 1.5 kS,,,. When the
design of vessels involves combinations of calculated

Table NCD-3217-1
Stress Intensity k Factors for Design and Service Load
Combinations

Service Limits [Note (1)] k [Note (2)]

Design 1.0
Level A [Note (3)] 1.0
Level B [Note (3)] 1.1
Level C 1.2
Level D [Note (4)] 2.0
NOTES:

(1) For Design Limits, use Design Pressure at design metal tempera-
ture; for Service Limits, use service pressure at service metal
temperature.

(2) The condition of structural instability or buckling must be consid-
ered.

(3) See NCD-3219 and Section III Appendices, Mandatory Appendix
XIIIL

(4) When a complete analysis is performed in accordance with
NCD-3211.1(c), Section III Appendices, Mandatory Appendix
XXVII may be applied.
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Figure NCD-3217-1
Example of Acceptable Local Primary Membrane Stress Due to Pressure

Pressure shell meridian

Allowable Stress
\ Intensity Limits

1.5kS,,, [maximum allowable, Note (1)]

1.1kS,, [Note (1)]
——————————————————————————————— ——— 1.0kS,,

Local primary
membrane stress
(P xregion

Y

Meridional Distance

= pressure
= minimum midsurface radius curvature

= minimum thickness in stressed region considered

= legal primary membrane stress intensity limit applies within local region

z general primary membrane stress intensity limit applies outside the local region
= maximum stress intensity

allowable stress intensity for the material at service temperature, see NCD-3216.1; for values of stress intensity k factor, see

Table NCD-3217-1

= meridional forces

NOTE: (1) See NCD-3217(c) for limits.
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stresses, the provisions of Section IIl Appendices, Manda-
tory Appendix XIII apply.

NCD-3217.1 Secondary Stresses. Secondary stresses
may existin vessels designed and fabricated in accordance
with the rules of this subarticle, but limitations are
provided to restrict such stresses to levels consistent
with the rules in Section III Appendices, Mandatory
Appendix XIII. Where details are not covered or where
design conditions exceed the equation limitations, a
detailed stress analysis in accordance with the rules of
Section III Appendices, Mandatory Appendix XIII shall
be made. Secondary stresses need be evaluated only
for Level A and Level B Limits.

NCD-3217.2 Definitions.
P, = primary bending stress intensity, psi (MPa). This
stress intensity is the component of primary stress
proportional to the distance from the centroid of
the solid section. It excludes discontinuities and
concentrations and is produced only by pressure
and other mechanical loads.
local primary membrane stress intensity, psi
(MPa). This stress intensity is derived from the
average value across the solid section under
consideration. It considers discontinuities but
not concentrations.
general primary membrane stress intensity, psi
(MPa). This stress intensity is derived from the
average value across the solid section under
consideration. It excludes discontinuities-and
concentrations and is produced only by pressure
and other mechanical loads.
design stress intensity values given in.Section II,
Part D, Subpart 1, Tables 24, 2B, and-4, psi (MPa)
yield strength values given in Séction I, Part D,
Subpart 1, Table Y-1, psi (MPa)

Py

NCD-3218 Upper Limits of Test Pressure

The evaluation of pressure test loadings shall be in
accordance with (a) through (d) below.

(a) Test Pressure Limit. If the calculated pressure at any
point in a vessel;including static head, exceeds the
required test\pressure defined in NCD-6221 or
NCD-6321,by more than 6%, the resulting stresses
shall be-calculated using all the loadings that may exist
during.the test. The stress allowables for this situation
are'given in (b) and (c) below.

(b) Hydrostatically Tested Vessels. The hydrostatic test
pressure of a completed vessel shall not exceed that value
which results in the following stress intensity limits:

(1) a calculated primary membrane stress intensity
Py, of 90% of the tabulated yield strength S, at test
temperature as given in Section II, Part D, Subpart 1,
Table Y-1.
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(2) a calculated primary membrane plus primary
bending stress intensity P,, + P, shall not exceed the ap-
plicable limits given in (-a) or (-b) below:

(-a) Py + P, < 1.35S, for P, < 0.67S,
(-b) P, + P, < (2.155, - 1.2P,,) for 0.67S,
< P, < 0.90S,

where S, is the tabulated yield strength at test
temperature. For other than rectangular sections,
P,, + P, shall not exceed a value of a times 0.9S5,;
where the factor « is defined as the ratio of the\lead
set producing a fully plastic section divided by the
load set producing initial yielding in the extreme fibers
of the section.

(c) Pneumatically Tested Vessels. The:limits given in (b)
above shall apply to pneumatically tested vessels, except
that the calculated membrane stress intensity shall be
limited to 80% of the yield stpength at the test tempera-
ture. For other than rectangularsections, P,, + Pj shall not
exceed a value of a timés/0.8S,, where the factor a is
defined in (b)(2) above.

(d) MultichambenrVessels. In the case of multichamber
vessels, pressurgzmay be applied simultaneously to the
appropriate adjacent chamber to maintain the stress
intensity limits-given in (b) and (c) above (NCD-6600).

NCD-3219 Fatigue Evaluation

When determining whether or not a fatigue analysis
shall be specified, the Owner may consider experience
with comparable vessels under similar conditions in
accordance with the provisions of NCD-3219.1. When
not based upon significant applicable service experience,
the need for a fatigue analysis shall be determined in
accordance with the provisions of NCD-3219.2 and
NCD-3219.3.

NCD-3219.1 Service Experience. When the Owner is
considering experience with comparable vessels under
similar service conditions as related to the design and
service contemplated, particular attention shall be
given to the possible deleterious effects of the design
features of (a) through (e) below:

(a) nonintegral construction, such as the use of pad
type reinforcements or of fillet welded attachments, as
opposed to integral construction;

(b) use of pipe threaded connections, particularly for
diameters in excess of 2%, in. (70 mm);

(c) stud bolted attachments;

(d) partial penetration welds;

(e) major thickness changes between adjacent
members.

NCD-3219.2 Rules to Determine Need for Fatigue
Analysis of Integral Parts of Vessels. A fatigue analysis
need not be made, provided all of Condition A or all of
Condition B is met. If neither Condition A nor B is met,
a detailed fatigue analysis shall be made in accordance
with the rules of Section III Appendices, Mandatory
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Appendices XIII for those parts which do not satisfy the
conditions. The rules of Condition A or Condition B are
applicable to all integral parts of the vessel, including inte-
grally reinforced type nozzles. For vessels having pad-type
nozzles or nonintegral attachments, the requirements of
NCD-3219.3 apply.

NCD-3219.2.1 Condition A. Fatigue analysis is not
mandatory for materials having a specified minimum
tensile strength not exceeding 80.0 ksi (550 MPa)
when the total of the expected number of cycles of
types (a) plus (b) plus (c) plus (d), defined below,
does not exceed 1,000 cycles:

(a) is the expected design number of full range pressure
cycles including startup and shutdown;

(b) is the expected number of service pressure cycles in
which the range of pressure variation exceeds 20% of the
Design Pressure. Cycles in which the pressure variation
does not exceed 20% of the Design Pressure are not
limited in number. Pressure cycles caused by fluctuations
in atmospheric conditions need not be considered;

(c) is the effective number of changes in metal tempera-
ture'! between any two adjacent points in the pressure
vessel, including nozzles. The effective number of such
changes is determined by multiplying the number of
changes in metal temperature of a certain magnitude
by the factor given in the following table, and by
adding the resulting numbers. The factors are as follows:

Metal Temperature Differential, °F (°C) Factor
50 (28) or less 0
51 to 100 (29 to 56) 1
101 to 150 (57 to 83) 2
151 to 250 (84 to 139) 4
251 to 350 (140 to 194) 8
351 to 450 (195 to 250) 12
Excess of 450 (250) 20

(For example: Considerd design subjected to metal
temperature differentials™or the following number of
times:

AT, °F (°€) Cycles
405(22) 1,000
907(50) 250

400 (220) 5

The-effective number of changes in metal temperature is
1,000(0) + 250(1) + 5(12) = 310

The number used as type (c) in performing the compar-
ison with 1,000 is then 310. Temperature cycles caused by
fluctuations in atmospheric conditions need notbe consid-
ered.)

NOTE: Adjacent points are defined in (a) and (b) below.
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(a) For surface temperature differences:

(1) onsurfaces of revolution, in the meridional direction,
adjacent points are defined as points that are less than the
distance 2+/Rf, where R is the radius measured normal to the
surface from the axis of rotation to the midjoint wall, and ¢t
is the thickness of the part at the point under consideration;
if the product of Rt varies, the average value of the points
shall be used;

(2) on surfaces of revolution, in the circumferential
direction and on flat parts (such as flanges and flat heads)-adja-
cent points are defined as any two points on the same surface.

(b) For through-thickness temperature differences, adja-
cent points are defined as any two points ema.line normal to
any surface.

(d) for vessels with welds between materials having
different coefficients of expansion, is the number of
temperature cycles which cduSes the value of (a; - a3)
AT to exceed 0.00034 whereja; and a, are the mean coef-
ficients of thermal expansion, 1/°F (1/°C) (Section I, Part
D, Subpart 2, Tables(TE), and AT is the operating tempera-
ture range, °F (°C). This does not apply to cladding.

NCD-3219.2.2 Condition B. Fatigue analysis is not
mandatorywhen all of the conditions of Section III Appen-
dices, Mandatory Appendix XIII, XIII-3510 are met.

NCD-3219.3 Rules to Determine Need for Fatigue
Analysis of Nozzles With Separate Reinforcement and
Nonintegral Attachments. A fatigue analysis of pad-
type nozzles and nonintegral attachments need not be
made, provided all of Condition AP or all of Condition
BP is met. If neither Condition AP nor BP is met, a detailed
fatigue analysis must be made in accordance with the rules
of Section III Appendices, Mandatory Appendix XIII.
NCD-3237 gives further limitations on pad-type nozzles.

NCD-3219.3.1 Condition AP. Fatigue analysis of
pad-type nozzles and nonintegral attachments is not man-
datory for materials having specified minimum tensile
strength not exceeding 80.0 ksi (550 MPa) when the
total of the expected number of cycles of types (a) plus
(b) plus (c) plus (d), defined below, does not exceed 400:

(a) is the expected design number of full range pressure
cycles including startup and shutdown;

(b) is the expected number of service pressure cycles in
which the range of pressure variation exceeds 15% of the
Design Pressure. Cycles in which the pressure variation
does not exceed 15% of the Design Pressure are not
limited in number. Pressure cycles caused by fluctuations
in atmospheric conditions need not be considered.

(c) is the effective number of changes in metal tempera-
ture'! between any two adjacent points in the pressure
vessel, including nozzles. In calculating the temperature
difference between adjacent points, conductive heat
transfer shall be considered only through welded or inte-
gral cross sections with no allowance for conductive heat
transfer across unwelded contact surfaces. The effective
number of changes is determined by multiplying the
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number of changes in metal temperature of a certain
magnitude by the factor, given in the following table,
and by adding the resulting numbers. The factors are
as follows:

Metal Temperature Differential,°F (°C) Factor

50 (28) or less 0

51 to 100 (29 to 56) 1
101 to 150 (57 to 83) 2
151 to 250 (84 to 139) 4
251 to 350 (140 to 194) 8
351 to 450 (195 to 250) 12
Excess of 450 (250) 20

(For example: Consider a design subjected to metal
temperature differentials for the following number of
times:

AT, °F (°C) Cycles
50 (28) 1,000
90 (50) 250

400 (220) 5

The effective number of changes in metal temperature is
1,000(0) + 250(1) + 5(12) = 310

The number used as type (c) in performing the compar-
ison with 1,000 is then 310. Temperature cycles caused by
fluctuationsin atmospheric conditions need notbe consid-
ered.)

Adjacent points are defined as points that are spacedless
than the distance 2+/Rt from each other, where Rand ¢t are
the mean radius and thickness, respectively, of the vessel,
nozzle, flange, or other partin which the poingsdre located.

(d) for vessels with welds between materials having
different coefficients of expansion, is’' the number of
temperature cycles which causes(the value of (a; - a3)
AT to exceed 0.00034, where a;‘and a, are the mean coef-
ficients of thermal expansion,.1/°F (1/°C) (Section II, Part
D, Subpart 2, Tables TE), and\AT is the service temperature
range, °F (°C). This dees@ot apply to cladding.

NCD-3219.3:2 Condition BP All of the require-
ments of NCD-3249.2.2, Condition B, are met using the
adjusted valuestin (a) through (c) below.

(a) Use ayalue of 4 instead of 3 in Section III Appen-
dices, Mandatory Appendix XIII, XIII-3510(a).

(b) "Use a value of one-quarter instead of one-third in
Section III Appendices, Mandatory Appendix XIII, XIII-
3510(b).

(c) Useavalue of 2.7 instead of 2 in the denominator of
Section III Appendices, Mandatory Appendix XIII, XIII-
3510(c), XI11-3510(d), and XIII-3510(e).
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NCD-3220 DESIGN CONSIDERATIONS
NCD-3221 Design Loadings
The provisions of NCD-3210 apply.

NCD-3222 Special Considerations
The provisions of NCD-3121 and NCD-3214 apply.

NCD-3223 General Design Rules

NCD-3223.1 General Requirements. The design*shall
be such that the design rules of NCD-3200 are satisfied
for all configurations and loadings, using the design
stress intensity values S, of Section 1, Part D, Subpart
1, Tables 2A, 2B, and 4 in the various equations.

NCD-3223.2 Design Reports. ‘The Certificate Holder
shall provide a Design Report conforming to the require-
ments of NCD-3211.1(e).

NCD-3224 Vessels’and Parts Under Internal
Pressure

NCD-3224.1:General Requirements. The thickness of
vessels and parts under internal pressure shall be not
less thanthat computed by the equations in the following
paragraphs. In addition, provision shall be made for the
applicable load combinations listed in NCD-3218 in estab-
lishing the value of F as defined below.

NCD-3224.2 Nomenclature. The symbols used are
defined below. Except for test conditions, dimensions
used or calculated shall be in the corroded condition.

D

inside diameter of a head skirt or inside length of
the major axis of an ellipsoidal head or inside
diameter of a conical head at the point under
consideration measured perpendicular to the
axis of revolution.

meridional membrane force in the shell wall at the
point under consideration resulting from primary
loadings other than internal pressure, 1b/in. (N/
mm) length of circumference. If this force is not
uniform, as when resulting from wind or earth-
quake moment loading, the loading requiring
the greatest shell thickness shall be used where
the tensile load is positive.

one-half the length of the minor axis of an ellip-
soidal head or the inside depth of an ellipsoidal
head, measured from the tangent line

stress intensity factor for design, service, and test
load combination from Table NCD-3217-1

inside spherical or crown radius of torispherical
and hemispherical heads

internal pressure at the top of vessel plus any pres-
sure due to the static head of the fluid, at any point
under consideration, psi (MPa)
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Q = afactor in the equations for cone to cylinder junc-
tions depending on P/S and a
R = inside radius of the shell under consideration. This
radius is measured normal to the surface from the
of revolution
R, = radius of a cylinder at the large end of a cone to
cylinder junction
R; = radius of a cylinder at the small end of a cone to
cylinder junction
r = inside knuckle radius of torispherical and torico-
nical heads
S = membrane stress intensity limit from Section I,
Part D, Subpart 1, Tables 24, 2B, and 4 multiplied
by the stress intensity factor in Table NCD-3217-1
= kS, psi (MPa)
t = minimum required thickness of shell
t- = Q times the required thickness of a cylinder calcu-
lated in accordance with NCD-3224.13(b)(6)(-b)
a = one-halfofthe apex angle ofa cone to cylinder junc-

tion

NCD-3224.3 Minimum Thickness of Cylindrical Shells.
The minimum thickness of cylindrical shells shall be the
greatest of the thicknesses determined by (a), (b), and (c)
below.

(@)
PR
S — 0SP

If P > 0.4S, the following equation must be used:
(R +¢t) p
In——~ = —
R S

where In is the natural log.
(b) If F is positive and exceeds 0,5RR,
_ 0.5PR 4+ B
© S ~0sP

(c) If F is negative, the_condition of axial structural
instability or buckling\shall be considered separately
(see NCD-3245).

NCD-3224.4 Minimum Thickness of Spherical Shells.
The minimum;thickness of spherical shells shall be the
greatest of\the thicknesses determined by (a), (b), and
(c) belotw
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(@)
_ 0SPR
S — 025P

If P > 0.4S, the following equation may be used:
(R +t) 0.5P
In——= = —

R S

(b) If F is positive,
_ 0SPR + F
S — 0258p

(c) If F is negative, the condition oflihstability shall be
considered. NCD-3245 for cylinders may be used for
spheres, provided biaxial compression does not exist.

NCD-3224.5 Minimum Thickness of Formed Heads.
The minimum thickness-at the thinnest point after
forming of ellipsoidal/torispherical, and hemispherical
heads under presSure acting against the concave
surface shall be.determined by the appropriate rule or
equation inthe following subparagraphs.

NCD-3224.6 Minimum Thickness of Ellipsoidal
Heads', The minimum thickness of a 2:1 ellipsoidal
head shall be established using the procedures given
in\NCD-3224.8 and the curve of Figure NCD-3224.6-1
which is labeled “2:1 ellipsoidal head.” Ellipsoidal head
designs which have D/2h values different from 2 shall
be analyzed as equivalent torispherical heads or according
to Section IIl Appendices, Mandatory Appendix II, or Man-
datory Appendix XIII. The cylindrical shell to which the
head is attached shall be equal to or greater in thickness
than the required head thickness for a distance, measured
from the tangent line along the cylinder, of not less than
VRt . Transition joints to shells of thickness less than the
required head thickness shall not be located within the
minimum distance. Transition joints to shells of thickness
greater than the required head thickness may be located
within this minimum distance and shall be in accordance
with NCD-3361 and Figure NCD-3358.1(a)-1. Heads
having D/2h = 2 have equivalent torispherical properties
of a torisphere of L/D = 0.90 and r/D = 0.17.

NCD-3224.7 Minimum Thickness of Hemispherical
Heads. For hemispherical heads, the thickness shall be
as required for spherical shells, NCD-3224.4. The require-
ments for the transition to cylindrical shells of different
thickness, given in NCD-3361 and Figure NCD-3361.1-1,
shall be met.

NCD-3224.8 Minimum Thickness of Torispherical
Heads. The minimum thickness of a torispherical head
having t/L = 0.002 up to a t/L where P/S < 0.08 (approxi-
mately t/L =0.04 to 0.05) shall be established by using the
curves in Figure NCD-3224.6-1. Interpolation may be used
for r/D values which fall within the range of the curves;
however, no extrapolation of the curves is permitted. For
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Figure NCD-3224.6-1
Design Curves for Torispherical Heads and 2:1 Ellipsoidal Heads for Use With NCD-3224.8 and NCD-3224.6
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designs where P/S >0.08, which is above the upper limit of
Figure NCD-3224.6-1 the thickness shall be set by the
following equation:

)

Where t/L < 0.002, which is below the lower limit of
Figure NCD-3224.6-1, the head design must be analyzed
according to Section III Appendices, Mandatory Appendix
I, or Mandatory Appendix XIII. The cylindrical shell to
which the head is attached shall be equal to or greater
in thickness than the required head thickness for a
distance, measured from the tangent line along the cylin-
der, of notless than+/Rt. Transition joints to shells of thick-
ness less than the required head thickness shall not be
located within this minimum distance. Transition joints
to shells of thickness greater than the required head thick-
ness may be located within this minimum distance and
shall be in accordance with NCD-3361 and Figure
NCD-3358.1(a)-1. Heads having D/2h = 2 have equivalent
torispherical properties of a torisphere of L/D = 0.90 and
r/D =0.17.

NCD-3224.8.1 Crown and Knuckle Radii. In
connection with the design procedures of NCD-3224.8
and Figure NCD-3224.6-1 the inside crown radius to
which an unstayed head is formed shall not be greater
than the inside diameter of the skirt of the head. The
inside knuckle radius of a torispherical head shall not
be less than 6% of the outside diameter of the skirt
nor less than three times the head thickness.

NCD-3224.9 Minimum Thickness of Integral Head
Skirts. In addition to the requirements of\NCD-3224.8
or NCD-3224.6 when an integral head skirt is provided,
the skirt thickness shall not be less than'the required thick-
ness of a seamless shell of the same diameter. All transition
joints shall be in accordance with NCD-3361 and Figure
NCD-3358.1(a)-1.

NCD-3224.10 Composite Head Shapes. A head fora cy-
lindrical shell may be built up of several head shapes, the
thicknesses of whieh satisfy the requirements of the
appropriate equations above. The adjoining shapes
mustbe so formed that they have acommon tangent trans-
verse to thejoint. Any taper at a joint shall be within the
boundary of the shape having the thinner wall
(Figure"NCD-3361.1-1).

NCD-3224.11 Loadings on Heads Other Than Pressure.
Provision shall be made for other loadings given in
NCD-3212. For torispherical and ellipsoidal heads, the
effect of other loadings must be determined in accordance
with Section III Appendices, Mandatory Appendix II, or
Mandatory Appendix XIII. For the conical or spherical
portions of heads, the effect of composite loading may
be treated as in NCD-3224.3, NCD-3224.4, and
NCD-3224.13(a)(4).

¢ = B(eP/s _

2

57

NCD-3224.12 Toriconical Heads. (In preparation.)
NCD-3224.13 Reducer Sections.

(a) General Requirements

(1) Applicable Equations and Rules. These rules apply
to concentric reducer sections when all the longitudinal
loads are transmitted wholly through the shell of the
reducer. When loads are transmitted in part or-as‘a
whole by other elements, such as inner shells,. stays, or
tubes, these rules do not apply.

(2) Minimum Thickness of Reducer Elements. The
thickness of each element of areducer undenrinternal pres-
sure shall not be less than that computed.by the applicable
equation. In addition, provisions shallbe made for any of
the other loadings listed in NCD£3212.

(3) Transition Section Reducers Joining Two Cylin-
drical Shells. A transition(section reducer consisting of
one or more elements may be used to join two cylindrical
shell sections of differént diameters but with a common
axis, provided these‘fequirements are met.

(4) Minimum Thickness of Conical Shells. The
minimum thiekness of conical shells shall be determined
by the same’equations as for cylindrical shells in which R is
the radius measured normal to the wall surface at the
poifnt uhder consideration. Subparagraphs (b) and (c)
give rules for cone to cylinder junctions of the large
arid small end, respectively.

(-a)
PR
S — 0.5P

If P> 0.4S,
(R +t) P
In——= = —
R S
(-b) If F is positive and exceeds 0.5 PR,

0SPR + F
S — 0.SP

(-c) IfFisnegative, the condition of axial structural
instability or buckling must be considered separately.
NCD-3245 for cylinders may be used for conical sections.

(5) Knuckle Tangent to the Larger Cylinder. When a
knuckle is used at the large end of areducer section, it shall
have a shape that is a portion of an ellipsoidal, hemisphe-
rical, toriconical, or torispherical head. The thickness and
other dimensions shall satisfy the requirements of
NCD-3224.5.

(6) Combination of Elements to Form a Reducer.
When elements having different thicknesses are
combined to form a reducer, the joints including the
plate taper shall lie entirely within the limits of the
thinner element being joined.

(7) Combination of Shapes to Form a Toriconical
Reducer. A toriconical reducer may be shaped as a
portion of a toriconical head or a portion of an ellipsoidal
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Figure NCD-3224.13(b)(6)(-a)-1
Inherent Reinforcement for Large End of Cone-Cylinder Junction

0.02

0.012

0.010

0.008

Not permitted

X

0.006

_—

Adequate

0.005

FSs

0.004

Increase thickness

- N

pd

0.003

0.002

0.001

10 15 20

25 30 35

Maximum Angle, «, deg

GENERAL NOTE: Curve governed by maximum stress intensity,atsurface primarily due to axial bending stress, limited to 3S.

head plus a conical section, provided the désign of the
small end of the reducer element satisfies’the require-
ments of (c).

(b) Supplementary Requirements{for Reducer Sections
and Conical Heads, Large End. TheSe rules apply, provided
the requirements of (1) through (6) below are met:

(1) the two parts to be'joined have the same rota-
tional axis

(2) the load is internal pressure (see NCD-3224.11)

(3) thejoint is a butt weld having its surfaces merge
smoothly, both inside and outside, with the adjacent cone
and cylinder sutfaces without reducing the thickness

(4) the'weld at the junction is radiographed and
meets the-requirements of NCD-5250

{5) the junction is not closer than 4,/R} X t, to

another junction or major discontinuity
(6) Reinforcement Requirements

(-a) When Inherent Reinforcement Is Adequate. The
thickness of the cone and cylinder forming a junction at the
large end for half apex angles up to 30 deg need not be
thicker than required by NCD-3224.3 or (a)(4)(-a) if the
pointrepresenting the junction lies in the Adequate region
of Figure NCD-3224.13(b)(6)(-a)-1.
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(-b) Requirements for Integral Reinforcement.
When the half-apex angle exceeds the maximum
permitted by Figure NCD-3224.13(b)(6)(-a)-1, the cone
and cylinder must be reinforced in the area adjacent to
the junction. Figure NCD-3224.13(b)(6)(-b)-1 gives Q
values for ratios of Design Pressure P to S and values
of a up to 30 deg. The junction may be reinforced by
making both the cylinder and cone thickness equal to
t- and provided that the requirements of (-1) through
(-3) below are met.

(-1) The increased cylinder thickness extends a
minimum distance of 2.0,/Ry t, from the junction, where R,

is the radius of the cylinder at the large end of the cone.
(-2) The increased cone thickness extends a
minimum distance of 2.0,/R;t,/cos a from the junction.
(-3) In no case shall t be less than the thickness
required for the cone in accordance with NCD-3224.3.
(c) Supplementary Requirements for Reducer Section’s
Small End. These rules apply, provided the requirements
of (1) through (6) below are met:
(1) the two parts to be joined have the same rota-
tional axis
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Figure NCD-3224.13(b)(6)(-b)-1
Values for Q for Large End of Cone-Cylinder Junction
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(2) the load is internal pressure (NCD-3224.11)

(3) thejoint is a butt weld having its surfaces merge
smoothly, both inside andoutside, with the adjacent cone
and cylinder surfaces without reducing the thickness

(4) the weldat-the junction is radiographed and
meets the requirements of NCD-5250

(5) thejumction is not closer than2.8,/R¢, to another

junction ordiscontinuity, where R; is the radius of the
cylinder at the small end of the cone
(6) Reinforcement Requirements:

(-a) When Inherent Reinforcement Is Adequate. The
thickness of the cone and cylinder forminga junction at the
small end of half apex angles up to 30 deg need not be
thicker than required by NCD-3224.3 if the point repre-
senting the junction lies in the Adequate region of Figure
NCD-3224.13(c)(6)(-a)-1.

(-b) Requirements for Integral Reinforcement.
When the halfapex angle exceeds the maximum permitted
by Figure NCD-3224.13(c)(6)(-a)-1, the cone and cylinder
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must be reinforced in the area adjacent to the junction.
Figure NCD-3224.13(c)(6)(-b)-1 gives Q values for
ratios of Design Pressure P to S and values of a up to
30 deg. The junction may be reinforced by making
both the cylinder and cone thickness equal to t, and
provided that the requirements of (-1) through (-3)
below are met.

(-1) Theincreased cylinder thickness t, extends
a minimum distance 1.4,/R¢t, from the junction.

(-2) The increased cone thickness t, extends a
minimum distance 1.4,/R¢t,/cos @ from the junction.

(-3) Inno case shall ¢, be less than the thickness
required for the cone in accordance with NCD-3224.3 ata

distance 1.4,/Rt,/cos a from the junction.
(d) Supplementary Requirements for Reducer Sections,

Small End, Treated As Openings. Cone to cylinder junctions
at the small ends of reducers as shown in Figure
NCD-3224.13(d)-1 may be treated as openings in
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Figure NCD-3224.13(c)(6)(-a)-1
Inherent Reinforcement for Small End of Cone-Cylinder Junction
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GENERAL NOTE: Curve governed by membrane stress intensity due to average circumférential tension stress and average radial compression
stress limited by 1.1S5,, at 0.5+/radius X ¢ either side of junction, where radius = R, ;2 on the cylinder side and (R; + t,/2)/cos a on the cone side.
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Figure NCD-3224.13(c)(6)(-b)-1
Values for Q for Small End of Cone-Cylinder Junction
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GENERAL NOTE: Curvesgoverned by membrane stress intensity due to average circumferential tension stress and average radial compression
stress limited by 1.1, at0.5+/radius X t either side of junction, where radius = R; + t,/2 on the cylinder side and (R; + t./2)/cos a on the cone side.
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Figure NCD-3224.13(d)-1
Cone-Cylinder Junction at Small End Treated as Opening

30 deg < a < 60 deg

See Figure NCD-3259.3-1
for attachment
weld requirements

Nlq,

A3 --7
Az =0
t—| |«—
d
2
(a)
A
where

A; = reinforcement area integral with cone
A, = reinforcement area integral with cylinder
A3z = area of fillet weld

conical heads provided the requirements.of (1) through
(4) below are met.

(1) The diameter d of the smiall)end is not more than
one-half the diameter of the large end.

(2) The half apex angle @\is greater than 30 deg but
not greater than 60 deg,

(3) The reinforcement meets the requirements of
NCD-3232 and NCD+3234.1 except that the total cross-
sectional area of reififorcement A required at the junction
in any plane fora vessel under internal pressure shall not
be less thani4.= dt tan a/2 and two-thirds of this area shall

be provided within a limit of 0.5,/dt /2 measured along the

cylinder and 0.54/dt/2 cos? @ measured along the cone.
(4) Reinforcement shall be integral with cone or cyl-

inder and all other applicable requirements of NCD-3230
are met.

NCD-3224.14 Minimum Thickness of Nozzle Necks
and Other Connections. The wall thickness of a nozzle
neck or other connection shall not be less than the thick-
ness computed for the applicable loadings plus the thick-

62

(b)

SA1+A2+A3

ness added for corrosion and erosion allowance and,
except for access openings and openings for inspection
only, not less than the smaller of (a) and (b) below:

(a) the required thickness of the shell or head to which
the connection is attached plus the corrosion allowance
provided in the shell or head adjacent to the connection;

(b) the minimum thickness of standard wall pipe plus
the corrosion allowance on the connections. The minimum
thickness for all pipe materials is the nominal thickness
listed in Table 2 of ASME B36.10M less 12%%. For
diameters other than those listed in the table, the
minimum thickness shall be that of the next larger
pipe size.

NCD-3224.15 Other Loadings. When necessary,
vessels shall be provided with stiffeners or other addi-
tional means of support to prevent overstress or large
distortions under the external loadings listed in
NCD-3111 other than pressure and temperature.
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NCD-3225 Flat Heads and Covers

The minimum thickness of unstayed flat heads, cover
plates, and blind flanges shall conform to the require-
ments given in this paragraph. Some acceptable types
of flat heads and covers are shown in Figure
NCD-3225-2. The dimensions are exclusive of extra
metal added for corrosion allowance.

NCD-3225.1 Nomenclature. The notations used are
defined as follows:

C = afactor depending upon the method of attachment
of head, shell dimensions, and other items as listed
in NCD-3225.2, dimensionless (Figures
NCD-3225-1 through NCD-3225-3)
bolt circle diameter
diameter
gasket moment arm, equal to the radial distance
from the center line of the bolts to the line of
the gasket reaction (Figure NCD-3225-2)
distance from center line of head to shell weld to
tangent line on formed heads, as indicated in
Figure NCD-3225-2 sketch (a)
= the ratio t,/t;, dimensionless
Design Pressure, psi (MPa)
= inside corner radius on a head formed by flanging
or forging
design stress intensity S,,, from Section II, Part D,
Subpart 1, Tables 24, 2B, and 4 multiplied by tabu-
lated stress intensities, psi (MPa)
minimum required thickness of flat head,cover, or
flange, exclusive of corrosion allowance
tr = actual thickness of the flange on a forméd head, at

the large end, exclusive of corraSien allowance

hG=

5~ w3
1l

t, = the smallest dimension from theface of the head to
the edge of the weld preparation

t, = required thickness of shell or nozzle for pressure

t, = actual thickness of shell)or nozzle

W = total bolt load

NCD-3225.2 Equations for Minimum Thickness'3.

(a) The thickness of flat heads, as shown in Figures
NCD-3225-1-through NCD-3225-3, shall be not less
than that calculated by the following equation:

T = d./CP/S

(b) The thickness of cover plates and blind flanges
attached by bolts causing an edge moment as shown in
Figure NCD-3225-2 shall be not less than that calculated
by the following equation:
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T = dyCP/S + 127 Whg/Sd®

NOTE: In some cases, the initial bolt load required to seat the
gasket is larger than the service bolt load. The thickness should
be checked for both the service condition and the initial boltload
required to seat the gasket.

NCD-3227 Quick Actuating Closures

The requirements for quick actuating closures.are given
in NCD-3327.

NCD-3230 OPENINGS AND THEIR
REINFORCEMENT

NCD-3231 General Requirements

The rules contained in this subarticle provide for a satis-
factory design in the vicinity of openings in the pressure
shell, under pressuréloading only, on the basis of its
opening shape, ar€a replacement, and distribution,
provided a fatigu€analysis is not required. These rules
do not include“design requirements for piping loads
that may be:mposed on the nozzle or shell portion or
both and‘\that may be added to the pressure loadings.
Such-additional loadings shall be considered by the
designer.

NCD-3231.1 Dimensions and Shape of Openings.

(a) Openings, except as permitted under (b), shall be
circular, elliptical, or of any other shape which results from
the intersection of a circular or elliptical cylinder with
vessels of the shapes for which equations are given in
NCD-3220, provided the requirements of (1) through
(4) below are met.

(1) The ratio of the diameter along the major axis to
the diameter along the minor axis of the finished opening
is 1.5 or less.

(2) Theratiod/D <0.50 where dis the largest inside
diameter of the intersecting nozzle and D is the inside
diameter of the vessel.

(3) The arc distance measured between the center
lines of adjacent nozzles along the inside surface of the
shell is not less than three times the sum of their
inside radii for openings in a head or for openings
along the longitudinal axis of a shell and is not less
than two times the sum of their inside radii for openings
along the circumference of a cylindrical shell. When two
nozzles in a cylindrical shell are neither in a longitudinal
line nor in a circumferential arc, their center line distance
along the inside surface of the shell shall be such that
[(Le/2)? + (L;/3)*1"* is not less than the sum of their
inside radii, where L. is the component of the center
line distance in the circumferential direction and L; is
the component of the center line distance in the longitu-
dinal direction.
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Figure NCD-3225-1

Typical Flat Heads and Supported and Unsupported Tubesheets With Hubs

! : i

-t

For unstayed

For unstayed flat heads: C=0.33m

flat heads: C=0.33m
but not less than 0.20,
when ris not less
than 1.5t

when ris not less
than 1.5t;
eis not less than t;

but not less than 0.20,

Ny

h not less
than 1.5t

v -
| _--r--Thickness of flat ------ t-n | | ---=7" Thickness of flat
o head or tubesheet L S head or tubesheet
(a) (b) (e}
N =~
. ] !
P Y -t
NN
A
Lot

For unstayed flat heads:
C=0.17, when t;is not less
than 2t,, and ris not less
than 3t;

Thickness of flat head ]
or tubesheet

(d)

-t
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-----------\:7;’- For unstayed flat heads:
’ C=0.17, when:

tsis not less than 2t
ris not less than 3t;

e is not less than t;

e — .

__—-t--Thickness of flat head
or tubesheet

(e)
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Figure NCD-3225-2
Some Acceptable Types of Unstayed Flat Heads and Covers

<—Center of weld trmin. = 2t
< L—><-Tangent line ___L
I T
\
% !
. 7/ r + d
Taper” d Min. r
¥=3T
== — 7
C=10.20
(a) (b) (c)

C=10.20
(e)

GENERAL NOTE: All these illustrations are diagrammatic only, Other designs that meet the requirements of NCD-3225.2 are acceptable.
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Figure NCD-3225-3

Attachment of Pressure Parts to Plates to Form a Corner Joint

ts
c
a

b
a+ bnot less
than 2t
b + cnot less
than £
C=0.33m but not
less than 0.20
(a)
( VAl Y ?T !
/A Y
A |
b
s C=0.33m but not
less than 0.20
(d)
¢
Ve !
|
C 1
\7 |
C=0.33m but not
less than 0.20
[

(f)

¥
t c}x T t
+ S
a ga
b < b
a+ bnotless a+ b but notless
than 21, ¢ | than 3t
|<—T—>| C=0.33m but not |<—T b + c not less
less than 0.20 than ¢,
(b) (c)
A, ¢
°C
// — y 4 tr—
|
N/ > Y
c * 1
b
fs—> [<— C=0.33mbut not
N less than 0.20
(e)
'3 ¢

T

Cmin.=0.7 t or 1/4 in. (6 mm), whichever is less
b = the lesser of t; or T/2
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C=0.33m but not '
less than 0.20

(g)
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(4) Reinforcementis provided around the edge ofthe
opening in amount and distribution such that the area
requirements for reinforcement are satisfied for all
planes through the center of the opening and normal
to the vessel surface as stipulated in NCD-3232.2.

(b) Openings of other shapes or dimensions may be
used subject to the requirements of Section III Appendices,
Mandatory Appendix XIII or Mandatory Appendix XIII.

(c) Any type of opening permitted by these rules may
be located in a butt welded joint.

NCD-3232 Reinforcement Requirements for
Openings in Shells and Formed Heads

NCD-3232.1 Circular Openings Not Requiring Rein-
forcement. Circular openings need not be provided
with reinforcement if all the requirements in (a), (b),
and (c) below are satisfied.

(a) A single opening has a diameter not exceeding
0.2+/Rt, or if there are two or more openings within

any circle of diameter, 2.5J/R¢, then the sum of the
diameters of such unreinforced openings shall not
exceed 0.25+/Rt.

(b) No two unreinforced openings shall have their
centers closer to each other, measured on the inside of
the vessel wall, than 1.5 times the sum of their diameters.

(c) Nounreinforced opening shall have its center closer
than 2.5v/Rt to the edge of a locally stressed area in the
shell where R is the mean radius and t is the nominal thick-
ness of the vessel shell or head at the location of the-open-
ings and where locally stressed area means any area in the
shell where the local primary membrane stress\exceeds
1.1kS,,, but excluding those areas whefe‘such local
primary membrane stress is due to an,unreinforced
opening.

NCD-3232.2 Required Area of Reinforcement.

(a) The total cross-sectional/area of reinforcement A
required in any given plané for a vessel under internal
pressure shall be not dess*than

A = dtF
where
d = finished diameter of a circular opening or finished
dimension (chord length) of an opening on the
plane being considered for elliptical and
obround openings in corroded condition
1.00 when the plane under consideration is in the
spherical portion of a head or when the given plane
contains the longitudinal axis of a cylindrical shell.
For other planes through a shell, use the value of F
determined from Figure NCD-3332.2-1 except that,
for reinforcing pads, F = 1.
the thickness which meets the requirements of
NCD-3220 in the absence of the opening
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(b) Notlessthan one-halfthe required material shall be
on each side of the center line of the opening
[NCD-3234.1(b)].

NCD-3233 Required Reinforcement for Openings
in Flat Heads

(a) Flat heads that have an opening with a diameter
that does not exceed one-half of the head diameter
shall have a total cross-sectional area of reinfofcement
A, not less than that given by the equation

A = 0.5dt,

where

d = the diameter of the finishéd opening in its corroded
condition
the thickness that-meets the requirements of

NCD-3225.2 in<the absence of the opening

tr

(b) Flat heads’that have an opening with a diameter
that exceeds.ohe‘half of the head diameter shall be
designed ac€erding to Section III Appendices, Mandatory
Appendix XIX.

NCD-3234 Limits of Reinforcement

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

NCD-3234.1 Limit of Reinforcement Along the Vessel
Wall. The limits of reinforcement, measured along the
midsurface of the nominal wall thickness of the vessel,
shall meet the following:

(a) 100% of the required reinforcement shall be within
a distance on each side of the axis of the opening equal to
the greater of the following:

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

(2) theradius of the finished openingin the corroded
condition plus the sum of the thicknesses of the vessel wall
and the nozzle wall;

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

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

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

NCD-3234.2 Limit of Reinforcement Normal to Vessel
Wall. The limits of reinforcement, measured normal to the
vessel wall, shall conform to the contour of the surface ata
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distance from each surface equal to the limits given in (a),
(b), and (c) below.

(a) For Figure NCD-3234.2(a)-1 sketches (a) and (b),
the limit is the larger of (0.5,/r,t, + k) or (1.73x + 2.5¢,

+ k), but not to exceed either 2.5t or (L + 2.5t,), where

k = 0.73r, when a transition radius (r,) is used
= the smaller of two legs of the fillet when a fillet
transition is used
L = length along nozzle with thickness of t, plus tran-
sition length
r = inside radius of nozzle
r, = transition radius between nozzle and wall
I, = mean nozzle radius = r + 0.5¢,

t = nominal vessel wall thickness
nominal nozzle thickness
t, = nominal thickness of connecting pipe
=ty -t
(b) For Figure NCD-3234.2(a)-1 sketch (c), when
45 = 0 2 30 deg, the limit is the larger of (0.5\/n,t,)
or (L' + 2.5t,), but not to exceed 2.5t; when 6 < 30
deg, the limit is the larger (0.5\/n,t,) or (1.73x + 2.5¢,),
but not to exceed 2.5¢t, where

length of tapered section along nozzle
r+ 0.5t

t,’ = t, + 0.667x

slope offset distance

angle between vertical and slope

Other terms are defined in (a) above.

(c) For Figure NCD-3234.2(a)-1 sketch (d), when rein-
forcing pads or insert plates are used, the limitis the larger
of (0.5/ruty, + t,) or (2.5t,+t.), but notto'exceed 2.5¢t.In
no case can the thickness t,, used to €stablish the limit
normal to the shell, exceed 1.5t or.L.73W, where

te
w

thickness of added reinforcing element
width of added reinfercing element

Other terms are defined in (a) above.

NCD-3234.3 Nozzle Piping Transitions. The stress
limits of NCD#3200 shall apply to all portions of
nozzles which lie within the limits of reinforcement
given in NED-3234, except as noted in NCD-3234.4.
Stresses,in the extension of any nozzle beyond the
limits of reinforcement shall meet the stress limits of
NED-3600.

NCD-3234.4 Consideration of Standard Reinforce-
ment. Where a nozzle-to-shell juncture is reinforced in
accordance with the rules of NCD-3234, the stresses in
this region due to internal pressure may be considered
to satisfy the limits of NCD-3217. Under these conditions,
no analysis is required to demonstrate compliance for
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pressure-induced stresses in the nozzle region. Where
external piping loads are to be designed for, membrane
plus bending stresses shall be calculated in the nozzle, and
membrane stresses shall be calculated in the local nozzle-
to-shell region. These stresses, in conjunction with
pressure-induced stresses, shall meet the limits of
NCD-3217 for (P,, or P;) + P,. In this case, the pres-
sure-induced stresses in the (P, or P;) + P, category
may be assumed to be no greater than the limit specified
for P,, in NCD-3217 for a given condition.

NCD-3235 Metal Available for Reinforcement

Metal may be counted as contributingtoe the area of
reinforcement called for in NCD-3232.2-and NCD-3233
provided it lies within the area of reinforcement specified
in NCD-3234 and shall be limited to"material which meets
the requirements of (a) through (e) below:

(a) metal forming a partiofithe vessel wall which is in
excess of that required’on the basis of primary stress
intensity (NCD-32271 through NCD-3224 and
NCD-3225.2) and ds\eXclusive of corrosion allowance;

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

(c) weld metal which is fully continuous with the vessel
wall;

(d) metal not fully continuous with the shell, such as a
pad continuously welded around its periphery, may be
counted as reinforcement, provided the requirements
of NCD-3237 are met;

(e) the mean coefficient of thermal expansion of metal
to be included as reinforcement under (b), (c), and (d)
above shall be within 15% of the value for the metal
in the vessel wall.

NCD-3235.1 Metal Not Available for Reinforcement.
Metal not fully continuous with the shell, as that in
nozzles attached by partial penetration welds, shall not
be counted as reinforcement.

NCD-3235.2 Reinforcement Metal Limited to One
Opening. Metal available for reinforcement shall not be
considered as applying to more than one opening.

NCD-3236 Strength of Reinforcement Material

Material used for reinforcement shall preferably have
the same design stress intensity value as that of the vessel
wall. In no case shall material with an allowable design
stress intensity value less than 80% of the value of the
vessel wall material at the Design Temperature be
used in determining area available for reinforcement.
If the material of the nozzle wall or reinforcement has
a lower design stress intensity value S, than that for
the vessel material, the amount of area provided by
the nozzle wall or reinforcement in satisfying the require-
ments of NCD-3232 shall be taken as the actual area
provided multiplied by the ratio of the nozzle or
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Figure NCD-3234.2(a)-1
Nozzle Nomenclature and Dimensions
Depicts Configuration Only
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Figure NCD-3239.1(b)-1
Examples of Acceptable Transition Details
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(b)

rp = 0.1t to 0.5t

(c)

rg > Iargerof(l - \/9EO) Jdt., or (1 — 6/90)(t/2)

01
> 1 f\/dt, t/2 =—t
ry > largero ypnort/ 5= 50
ry > larger of e“‘i(dt ) or it 0 and 0} in'degrees
= Noo T oo™

reinforcement design stress intensity value to the’vessel
material design stress intensity value. No redu€tion in the
reinforcement requirement may be madegif the reinfor-
cing material or weld metal has a desigfx stress intensity
value higher than that of the material of the vessel wall.
The strength of the material at thepoint under considera-
tion shall be used in fatigue analyses.

NCD-3237 Requirements.for Nozzles With
Separate Reinforcing Plates

Except for nozzles\at small ends of cones reinforced in
accordance with(he requirements of NCD-3224.13(d),
added reinforcement in the form of separate reinforcing
plates maybe’used, provided the vessel and the nozzles
meet all*the conditions of (a) through (d) below.

(aJ~The specified minimum tensile strengths of the
materials do not exceed 80 ksi (550 MPa).

(b) The minimum elongation of materialsis 12%in 2 in.
(50 mm).

(c) The thickness of the added reinforcement does not
exceed 1% times the shell thickness.

(d) The requirements of NCD-3219 for pads in cyclic
service are met.
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NCD-3239 Alternative Rules for Opening
Reinforcement

The requirements of this paragraph constitute an ac-
ceptable alternative to the rules of NCD-3231 through
NCD-3237.

NCD-3239.1 Limitations. These rules are applicable
only to openings utilizing nozzles in vessels within the
limitations of (a) through (f) below.

(a) The nozzle is circular in cross section and its axis is
perpendicular to the vessel or head.

(b) The nozzle and required reinforcing are welded
integrally into the vessel with full penetration welds
between all parts. Details such as those shown in
Figures NCD-4266(a)-1; NCD-4266(b)-1 sketches (a),
(b), and (c); and NCD-4266(c)-1 are acceptable.
However, fillet welds must be ground to a radius in accor-
dance with Figure NCD-3239.1(b)-1.

(c) In the case of spherical shells and formed heads, at
least 40% of the total nozzle reinforcement area shall be
located beyond the outside surface of the minimum
required vessel wall thickness.
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Table NCD-3239.3(a)-1
Required Minimum Reinforcing Area, A,

Required Minimum Reinforcing Area, A,

Nozzles in Nozzles in Spherical Vessels
Value of d/./Rt, Cylinders or Heads
Less than 0.20 None [Note (1)] None [Note (1)]
Greater than {4.05 (5.40 [d/\/R_tr]I/Z
0.20 and less [d/\/R_t]l/z
than 0.40 r —241} dt;
-1.81} dt,
Greater than 0.40 0.75 dt, dt, cos @
& =sin™* (d/D)

NOTE: (1) The transition radius r shown in Figure NCD-3239.1(b)-1
or equivalent, is required.

(d) The spacing between the edge of the opening and
the nearest edge of any other opening is not less than the
smaller of 1.25 (d; + d>) and 2.5,/Rt,, but in any case, not
less than 1.0 (d; + d;), where d; and d, are the inside
diameters of the openings.

(e) The materials used in the nozzle reinforcement and
vessel wall adjacent to the nozzle shall have aratio of UTS/
YS of not less than 1.5, where

UTsS
Ys =

specified minimum ultimate tensile strength
specified minimum yield strength

(f) The following dimensional limitations are met:

Nozzles in Nozzles in Spherical
Cylindrical Vessels Vessels or Heads
D/t 10 to 100 10'te00
d/D 0.5 max. 0.5 max.
d/JDt 0.8 max.
d/\/Dt,ry/t 1.5 max.

NCD-3239.2 Nomenclature.

A
A

available reinforcing area

required minimum reinforcing area

inside diameter, in corroded condition, of cylin-
drical&essel, spherical vessel, or spherical head
inside diameter of the nozzle in its corroded condi-
tion

inside radius, in corroded condition, of cylindrical
vessel, spherical vessel, or spherical head

inside radius of the nozzle in its corroded condition
nominal wall thickness of vessel or head, less
corrosion allowance

nominal wall thickness of nozzle, less corrosion
allowance

N}

<
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t, = wall thickness of vessel or head, computed by the
equation given in NCD-3224.3 for cylindrical
vessels; by NCD-3224.4 for spherical vessels or
spherical heads

t,n = wall thickness of nozzle, computed by the equation

given in NCD-3224.3

See Figure NCD-3239.1(b)-1 for ry, rp, 13,14, 's, 6, and.6;.
See Figure NCD-3239.4-1for L.and L,,. See NCD-3239.7 for
S, 0y, 0, 0, and o.

NCD-3239.3 Required Reinforcement Area!

(a) The required minimum reinforcing area is related
to the value of d//Rt, shown in Tahle*NCD-3239.3(a)-1.

(b) The required minimum reinforcing area shall be
provided in all planes contaifiitig the nozzle axis.

NCD-3239.4 Limits of ‘Reinforcing Zone. Reinforcing
metal included in meeting the minimum reinforcing
area specified in NED-3239.3 must be located within
the reinforcingszone boundary shown in Figure
NCD-3239.4-1

NCD-3239.5 Strength of Reinforcing Material Require-
ments.-Material in the nozzle wall used for reinforcing
shotldvpreferably be the same as that of the vessel
wall."If material with a lower design stress intensity
value S, is used, the area provided by such material
shall be increased in proportion to the inverse ratio of
the stress values of the nozzle and the vessel wall material.
No reduction in the reinforcing area requirement may be
taken for the increased strength of nozzle material or weld
metal which has a higher design stress value than that of
the material of the vessel wall. The strength of the material
at the point under consideration shall be used in fatigue
analyses. The mean coefficient of thermal expansion of
metal to be included as reinforcement shall be within
15% of the value for the metal of the vessel wall.

NCD-3239.6 Transition Details. Examples of accept-
able transition tapers and radii are shown in
Figure NCD-3239.1(b)-1. Other configurations which
meet the reinforcing area requirements of NCD-3239.3
and with equivalent or less severe transitions are also ac-
ceptable, such as larger radius-thickness ratios.

NCD-3239.7 Stress Indices.

(a) The term stress index is defined as the numerical
ratio of the stress components o,, 6, and o, under consid-
eration to the computed stress S. The symbols for the
stress components are shown in Figure NB-3338.2(a)-1
and are defined as follows:

P = service pressure, psi (MPa)
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Figure NCD-3239.4-1
Limits of Reinforcing Zone

i1

Plane of nozzle and
vessel axes, nozzles
in cylindrical shells

Nl

1
Zone

boundary

Transverse plane,
cylindrical shells
all planes, heads

\ Zone

D boundary

GENERAL NOTES:

(@) Reinforcing Zone Limit

(1) L.=0.75 (tr/D)2/3D for nozzles in cylindrical shells.

(2) L, = (t/D)*2@y/D + 0.5)D for nozzles in heads.

(3) The centerof L. or L, is at the juncture of the outside
surfaces of the shellyand nozzles of thickness, t, and t,,.

(4) In canstructions where the zone boundary passes
through a uniform thickness wall segment, the zone boundary
may be considered as L. or L, through the thickness.
Reinforcing Area

(1) Hatched areas represent available reinforcement
area, A,

(2) Metal area within the zone boundary, in excess of the
area formed by the intersection of the basic shells, shall be consid-
ered as contributing to the required area 4,. The basic shells are
defined as having inside diameter D, thickness t,, inside diameter
of the nozzle d, and thickness t, .

(3) The available reinforcement area, 4,, shall be at least
equal to 4,/2 on each side of the nozzle centerline and in every
plane containing the nozzle axis.

(b)
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P(2R + t)/2t for nozzles in cylindrical vessels, psi
(MPa)

= P(2R + t)/4t for nozzles in spherical vessels or
heads, psi (MPa)

the stress intensity, combined stress, at the point
under consideration, psi (MPa)

the stress component normal to the plane of the
section, ordinarily the circumferential stress
around the hole in the shell, psi (MPa)

the stress component normal to the boundary of
the section, psi (MPa)

the stress component in the plane of the section
under consideration and parallel €0 the boundary
of the section, psi (MPa)

(b) When the conditions of*NCD-3239.1 through
NCD-3239.6 are satisfied, the stress indices given in
Table NCD-3239.7-1 may/bé-used. These stress indices
deal only with the m{aximum stresses, at certain
general locations, du€ to internal pressure. In the evalua-
tion of stresses in-Qr adjacent to vessel openings and
connections, it is7often necessary to consider the effect
of stresses duefto external loadings or thermal stresses.
In such cases) the total stress ata given point may be deter-
mined by superposition. In the case of combined stresses
due tointernal pressure and nozzle loading, the maximum
stresses should be considered as acting at the same point
and added algebraically. If the stresses are otherwise
determined by more accurate analytical techniques or
by the experimental stress analysis procedure of
Section III Appendices, Mandatory Appendix II, the
stresses are also to be added algebraically.

o, =

o, =

Table NCD-3239.7-1
Stress Indices for Internal Pressure Loading

Nozzles in Spherical Shells and Spherical Heads

Stress Inside Outside
oy, 2.0 - (r/R) 2.0 - (r/R)
o -0.2 2.0 - (r/R)
oy -4t /(2R + t,) 0
o larger of: 2.2 - (r/R) or 2.0 - (r/R)

2.0 + [4t,/(2R + )] - (r/R)

Nozzles in Cylindrical Shells

Longitudinal Plane Transverse Plane

Stress Inside Outside Inside Outside
On 31 1.2 1.0 2.1
o, -0.2 1.0 -0.2 2.6
or -2t,/(2R + t;) 0 -2t,/(2R + t;) 0
o 3.3 1.2 1.2 2.6
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NCD-3240 VESSELS UNDER EXTERNAL PRESSURE
NCD-3241 General Requirements

These rules are applicable to spherical and cylindrical
shells with or without stiffening rings and to formed heads
and to tubular products (NCD-4221.2). Charts for use in
determining the thicknesses of these components are
given in Section II, Part D, Subpart 3.

NCD-3241.1 Nomenclature. The symbols used in this
Article are defined below. Except for the test condition,
dimensions used or calculated shall be in the corroded
condition.

A

factor determined from the appropriate chart in
Section II, Part D, Subpart 3 for the material
used in the stiffening ring, corresponding to the
factor B and the Design Temperature for the
shell under consideration

cross-sectional area of the stiffening ring

factor from the charts in Section II, Part D, Subpart
3, psi (MPa)

outside diameter of the cylindrical shell course
under consideration

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

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

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

design length of a vessel section; using the appli-
cable definition as follows: the distance between
head bend lines plus one-third.of the depth of each
head if there are no stiffening rings; the greatest
center to center distance between any two adja-
cent stiffening rings; or the distance from the
center of the first'stiffening ring to the head
bend line plustone-third of the depth of the
head, all measured parallel to the axis of the vessel.
one-half of the distance from the center line of the
stiffening ring to the next line of support on one
side,\plus one-half of the centerline distance to the
next line of support, if any, on the other side of the
stiffening ring, both measured parallel to the axis of
the vessel. (Aline of supportis a stiffening ring that
meets the requirements of this paragraph; a
circumferential line on a head at one-third the
depth of the head from the head bend line; a
circumferential connection to a jacket.)

external Design Pressure, psi (MPa)

inside radius of spherical shells
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T = minimum required thickness of the cylindrical or
spherical shell or tubular product, exclusive of
corrosion allowance

NCD-3242 Cylindrical Shells

NCD-3242.1 For D,/T =10. The minimum thickness o6f
pipes or shell under external pressure having D,/ T valuies
equal to or greater than 10 shall be determined by’the
procedure given in NCD-3133.3.

When axial compressive loadings occur ifitaddition to
the external pressure, the combined axial loading shall
meet the requirements of NCD-3245.

NCD-3242.2 For D,/T <10. Themminimum thickness of
pipes or tubes under external pressure having D,/ T values
less than 10 shall be determiried by the procedure given in
Steps 1 through 4 below:

Step 1. Compute a yalue for factor A from the equation

L1/(D, / T)

A

Step 2. Enter:the appropriate chart with the calculated
value of Aand’move vertically to the material line for the
Design. Temperature or to the horizontal projection of the
upper'end of this material line where A falls to the right of
thewend of the material line. From this intersection, move
horizontally to the right and read the value of B.

Step 3. Using this value of B, calculate the maximum
allowable pressure by the following equation:

2.167

a = {— B
D,/T

— 0.0833

Step 4. If P, is less than the external Design Pressure P,
repeat the procedure using a larger value for T.

NCD-3243 Spherical Shells

The minimum thickness of a spherical shell under
external pressure shall be determined by the procedure
given in NCD-3133.4.

NCD-3244 Stiffening Rings for Cylindrical Shells

NCD-3244.1 Required Moment of Inertia for Circum-
ferential Stiffening Rings. The required moment of
inertia of the combined ring shell section is given by
the equation:

_ DL(T + AJ/L)A
10.9

S

The moment of inertia for a stiffening ring shall be
determined by the procedure given in Step 1 through
Step 6 below.
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Step 1. Assuming that the shell has been designed and
D,, L, and T are known, select a member to be used for the
stiffening ring and determine its area Ay and the value of .
Calculate B by the equation:

PD

0

T + A/L

3
4

Step 2. Enter the right hand side of the chart in Section
I, Part D, Subpart 3 for the material under consideration at
the value of B determined in Step 1.

Step 3. Move horizontally to the material line for the
Design Temperature.

Step 4. From this intersection move vertically to the
bottom of the chart and read the value of A.

Step 5. Compute the value of the required moment of
inertia I from the equation given above.

Step 6. If the required I; is greater than the computed
moment of inertia for the combined ring shell section
selected in Step 1, a new section with a larger moment
of inertia must be selected and a new I; determined. If
the required I is less than the computed moment of
inertia for the section selected in Step 1, that section
should be satisfactory.

NCD-3244.2 Permissible Methods of Attaching Stif-
fening Rings. Stiffening rings shall be attached to
either the outside or the inside of the vessel in accordance
with NCD-4267.

NCD-3245 Cylinders Under Axial Compression

The maximum allowable compressive stress in €ylin-
drical shells subjected to loadings that producedengitu-
dinal compressive stresses shall be the smaller of the
values determined by (a) and (b) below:

(a) the S,, value for the applicable material at Design
Temperature given in Section II, Part D{Subpart 1, Tables
2A, 2B, and 4;

(b) the value of the factor B détermined in accordance
with NCD-3133.6(b).

NCD-3250 WELDED JOINTS
NCD-3251 Welded Joint Categories
Welded joint categories are defined in NCD-3351.

NCD-3252<Permissible Types of Welded Joints

The design of the vessel shall meet the requirements for
each category of joint. Buttjoints are full penetration joints
between plates or other elements thatlie approximately in
the same plane. Category B angle joints between plates or
other elements that have an offset angle a not exceeding
30 deg are considered as meeting the requirements for
butt joints. Figure NCD-3352-1 shows typical butt
welds for each category joint.
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NCD-3252.1 Joints of Category A. All welded joints of
Category A shall meet the fabrication requirements of
NCD-4263 and shall be capable of being examined in
accordance with NCD-5251.

NCD-3252.2 Joints of Category B. All welded joints of
Category B shall meet the fabrication requirements of
NCD-4264 and shall be capable of being examined in
accordance with NCD-5252. When fatigue analysis. af
Type 2 joints is required and backing strips are not
removed, stress concentration factors of,.2.0* for
membrane stresses and of 2.5 for bending stresses
shall be applied in the design of the joints.

NCD-3252.3 Joints of Category C. All welded joints of
Category C shall meet the fabrication;requirements of
NCD-4265 and shall be capable-ofbeing examined in
accordance with NCD-5253. Minimum dimensions shall
be as specified in NCD-3258.8"and NCD-3258.4.

NCD-3252.4 Joints of Category D. All welded joints of
Category D shall be id,accordance with the requirements
of NCD-3259 and ene of (a) through (d) below.

(a) Butt Welded) Nozzles. Nozzles shall meet the fabri-
cation requirenients of NCD-4266(a) and shall be capable
of being €xamined in accordance with NCD-5254. The
minimum /dimensions and geometrical requirements of
Figure\NCD-4266(a)-1 shall be met where

ri = Yt or %, in. (19 mm) whichever is less
r, = % in. (6 mm) min.

t = nominal thickness of part penetrated
t, = nominal thickness of penetrating part

(b) Full Penetration Corner Welded Nozzles. Nozzles
shall meet the fabrication requirements of
NCD-4266(b) and shall be capable of being examined
as required in NCD-5254. The minimum dimensions of
Figure NCD-4266(b)-1 shall be met where

r1 = Yt or %, in. (19 mm) whichever is less
r, = % in. (6 mm) min.
rs = Yt,or Ygin. (10 mm) whichever is less, or chamfer
at 45 deg to at least % in. (8 mm).
t = thickness of part penetrated

t. = 0.7t, or %, in. (6 mm), whichever is less
t, = thickness of penetrating part

(c) Pad and Screwed Fitting Types of Welded Nozzles.
Nozzles and fittings shall meet the fabrication require-
ments of NCD-4266(c) and shall be capable of being exam-
ined in accordance with NCD-5254. The minimum
dimensions and geometrical requirements of Figure
NCD-4266(c)-1 shall be met, where

¢ = smaller of 0.7t, or 0.7t
ri = Yt, or % in. (10 mm) whichever is less
rs = Y4t,or % in. (10 mm) whichever is less, or chamfer

at 45 deg to at least % in. (8 mm)
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t = nominal thickness of shell

t. = 0.7t, or ¥, in. (6 mm), whichever is less
t, = thickness of reinforcement element

t, = nominal thickness of neck

(d) Attachment of Nozzles Using Partial Penetration
Welds. Partial penetration welds shall meet the fabrication
requirements of NCD-4266(d) and shall be capable of
being examined in accordance with NCD-5254. They
shall be used only for attachments such as instrumenta-
tion openings and inspection openings, which are
subjected to essentially no external mechanical loadings
and on which there will be no thermal stresses greater
than in the vessel itself. Such attachments shall satisfy
the rules for reinforcement of openings, except that no
material in the neck shall be used for reinforcement in
the attachment. The inside diameter of such openings
shall not exceed 4 in. (100 mm). The minimum dimensions
of Figure NCD-4266(d)-1 shall be met where

C = maximum diametral clearance between nozzle and
vessel penetration, in. (mm)

0.010 in. for d < 1 in. (0.25 mm for d < 25 mm)
0.020 in. for 1 in. < d < 4 in. (0.50 mm for 25 mm
<d < 100 mm)

0.030 in. for d > 4 in. (0.75 mm for d > 100 mm),
except that the above limits on maximum clearance
need not be met for the full length of the opening,
provided there is a region at the weld preparation
and a region near the end of the opening oppaesite
the weld that does meet the above limit'on
maximum clearance and the latter region s exten-
sive enough (not necessarily continuous) to
provide a positive stop for nozzletdeflection.
outside diameter of nozzle

Yut, or ¥, in. (19 mm) whichever is less

t = nominal thickness of vessel

0.7t or %, in. (6 mm), whichever is less

t, = nominal thickness of neck

depth of weld penetration, not less than 1%@,, in.
(mm)

NCD-3254 Structural Attachment Welds

Welds for'structural attachments shall meet the re-
quirements of NCD-4267.

NCD=3255 Welding Grooves

The dimensions and shape of the edges to be joined shall
be such as to permit complete fusion and complete joint
penetration, except as otherwise permitted in
NCD-3252.4.

NCD-3257 Welded Joints Subject to Bending Stress
The requirements of NCD-3357 shall be met.
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NCD-3258 Design Requirements for Head
Attachments

NCD-3258.1 Skirt Length of Formed Heads.

(a) Ellipsoidal and other types of formed heads,
concave or convex to the pressure, shall have a skirt
length not less than that shown in Figure
NCD-3358.1(a)-1.

(b) A tapered transition having a length not less:than
three times the offset between the adjacent.surfaces of
abutting sections as shown in Figure NCDB:3358.1(a)-1
shall be provided at joints between formed heads and
shells that differ in thickness by more_than one-fourth
the thickness of the thinner section(or by more than %
in., whichever is less. When a tapgr is required on any
formed head thicker than the“Shell and intended for
butt welded attachment [Figure NCD-3358.1(a)-1], the
skirt shall be long enough so that the required length
of taper does not extend beyond the tangent line.

NCD-3258.2 Unstayed Flat Head Welded to Shells. The
requirements‘ofiwelded unstayed flat heads to shells are
given in NCD=3225, NCD-3258.3, and NCD-3258.4.

NCD-3258.3 Head Attachments Using Corner Joints.
When shells, heads, or other pressure parts are welded
te-a.forged or rolled plate to form a corner joint, the
welds shall meet the requirements given in (a)
through (e) below.

(a) On the cross section through the welded joint, the
line between the weld metal and the forged or rolled plate
being attached shall be projected on planes both parallel to
and perpendicular to the surface of the plate being
attached, in order to determine the dimensions a and
b, respectively.

(b) For flange rings of bolted flanged connections and
for flat heads and supported and unsupported tube sheets
with a projection for a bolted connection, the sum of a and
b shall be not less than three times the nominal wall thick-
ness of the abutting pressure parts.

(c) For other parts, the sum of a and b shall be not less
than two times the nominal wall thickness of the abutting
pressure parts. Examples of such parts are flat heads and
supported and unsupported tubesheets without a projec-
tion for a bolted connection and the side plates of a rectan-
gular vessel.

(d) Jointdetails that have a dimension through the joint
less than the thickness of the shell, head, or other pressure
part or that provide eccentric attachment are not
permitted.

(e) The minimum dimensions in Figures NCD-4265-1
and NCD-4265-2 are as follows:

(1) Figure NCD-4265-1
Sketch (a)

a + b not less than 2t
b + ¢ not less than ¢,
t, not less than t;
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Sketch (b)

a + b not less than 2t;

Sketch (c)

a + b not less that 3t

b + ¢ not less than ¢,

Sketches (d) and (e)

(-a) For forged tubesheets, forged flat heads, and

forged flanges with the weld preparation bevel angle not
greater than 45 deg measured from the face:

b = the lesser of t;/2 or T/4
¢ = 0.7t, or %, in. (6 mm), whichever is less
T, t = nominal thickness of welded parts

(-b) For all other material forms and for forged
tubesheets, forged flat heads, and forged flanges with
the weld preparation bevel angle greater than 45 deg
measured from the face:

b = the lesser of t; or T/2
¢ = 0.7t, or %, in. (6 mm), whichever is less
T, t; = nominal thickness of welded parts sketches (f)
and (g)
(2) Figure NCD-4265-2
Sketch (a)

(-a) For forged tubesheets, forged flat heads, and
forged flanges with the weld preparation bevel angle not
greater than 45 deg measured from the face:

t t, = nominal thickness of welded parts
t. = 0.7t, or Y, in. (6 mm), whichever is less
t, = the lesser of t,/2 or t/4

(-b) For all other material forms and*fer' forged
tubesheets, forged flat heads, and forged.flanges with
the weld preparation bevel angle gredter than 45 deg
measured from the face:

t, t, = nominal thicknesses of welded parts

t. = 0.7t, or % in. (6 mm), whichever is less

tw, = the lesser of t, or<¢/2
Sketch (b)
t and t, = nominal thickness of welded parts
h or g, =0:25t, but not less than %, in. (6 mm)
Sketch ()

t, = nominal thickness of neck

a +'b not less than 3t,
¢ not less than ¢,

NCD-3258.4 Head Attachments Using Butt Welds.
When flat heads are attached using butt welds, as
shown in Figure NCD-4243.3-1, the minimum dimensions
are as follows:

Sketch (a)

r not less than 1.5¢;
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Sketch (b)

r not less than 1.5¢;
e not less than ¢,

Sketch (c)
h not less than 1.5t
Sketch (d)

tr not less than 2t
r not less than 3¢t

Sketch (e)

tr not less than 2t
r not less than 3tf
e not less than &

NCD-3259 Design Requirements for Nozzle
Attachment Welds and Other
Connections

The minimum design‘tequirements for nozzle attach-
ment welds and othé&r/connections are set forth in (a)
through (c) below.

(a) Permittéd~Types of Nozzles and Other Connections.
Nozzles and.other connections may be any of the types for
which rules.are given in this subarticle, provided the re-
quirements of (1) through (7) below are met.

(1) Nozzles shall meet requirements regarding loca-
tion.

(2) The attachment weld shall meet the require-
ments of NCD-3252.4.

(3) The requirements of NCD-3230 shall be met.

(4) Type No. 1 full penetration joints shall be used
when the openings are in shells 2 in. (64 mm) or more in
thickness.

(5) The welded joints shall be examined by the
methods stipulated in NCD-5250.

(6) Studded connections shall meet the require-
ments of NCD-3262.4.

(7) Threaded connections shall meet the require-
ments of NCD-3266.

(b) Provision of Telltale Holes for Air Testing. Reinfor-
cing plates and saddles attached to the outside of a vessel
shall be provided with at least one telltale hole, of
maximum size %, in. (6 mm) pipe tap, that may be
tapped for a preliminary compressed air and soap solution
or equivalent test for tightness of welds that seal off the
inside of the vessel. These telltale holes may be left open or
may be plugged when the vessel is in service. If the holes
are plugged, the plugging material used shall not be
capable of sustaining pressure between the reinforcing
plate and the vessel wall. Telltale holes shall not be
plugged during heat treatment.
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(c) Attachments. Typical attachments are shown in
Figure NCD-4267-1. The minimum dimensions in this
figure are as follows:

a>t/4b>t/2; C>t

where
¢ = minimum thickness of weld metal from the root to
the face of the weld
t = thickness of attached member

NCD-3260 SPECIAL VESSEL REQUIREMENTS

NCD-3261 Transition Joints Between Sections of
Unequal Thickness

Unless the requirements of Section IIl Appendices, Man-
datory Appendix XIII, or Mandatory Appendix Il are shown
to be satisfied, a tapered transition as shown in
Figures NCD-3358.1(a)-1 and NCD-3361.1-1 shall be
provided at joints of Categories A and B between sections
that differ in thickness by more than one-fourth of the
thickness of the thinner section or by more than % in.
(3 mm). 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. When Section
III Appendices, Mandatory Appendix XIII, or Mandatory
Appendix II are not used, the following requirements
of (a) through (e) below shall also apply.

(a) Thelength oftaper shall be notless than thrée'times
the offset between adjacent surfaces.

(b) Figure NCD-3361.1-1 shall apply tedll joints of
Categories A and B except joints connécting formed
heads to main shells, for which-“case Figure
NCD-3358.1(a)-1 shall apply.

(c) When a taper is required on any formed head
intended for butt welded attachment, the skirt shall be
long enough so that the réquired length of taper does
not extend beyond the tahgent line.

(d) An ellipsoidal ot lemispherical head which has a
greater thickness-than a cylinder of the same inside
diameter may besmachined to the outside diameter of
the cylinder,sprovided the remaining thickness is at
least as great’as that required for a shell of the same
diameter:

(e) The requirements of this paragraph are not appli-
cable to flange hubs.

NCD-3262 Bolted Flanged Connections

NCD-3262.1 Flanges and Flanged Fittings Conforming
to ASME B16.5. Except as provided in NCD-3262.3, the
dimensional requirements of flanges used in bolted
flange connections to external piping shall conform to
ASME B16.5, Steel Pipe Flanges and Flanged Fittings.
Flanges and flanged fittings conforming to ASME
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B16.5, with the exception of threaded and socket
welding types, may be used at the pressure-temperature
ratings specified in that Standard.

NCD-3262.2 Slip-On Flanges Conforming to ASME
B16.5. Slip-on flanges conforming to ASME B16.5 may
be used, provided all the conditions of (a) through (e)
below are met.

(a) The specified minimum tensile strengths of mate-
rials do not exceed 80.0 ksi (550 MPa).

(b) The minimum elongation of materials is:12% in 2 in.
(50 mm).

(c) The thickness of the materials to which the flange is
welded does not exceed 1% in. (32_mim).

(d) The throat thickness, taken‘as.the minimum thick-
ness in any direction through the attaching fillet welds, is
atleast 0.7 times the thickness®of the material to which the
flange is welded.

(e) The fatigue analysis'required for nozzles with sepa-
rate reinforcement{@nd nonintegral attachments, as set
forth in NCD-3249.3, is applied to the design.

NCD-3262:3 Flanges Not Conforming to ASME B16.5.
Flanges thatdo not conform to ASME B16.5 shall be
designed-in accordance with the Rules for Bolted
Flange\Connections, Section 1II Appendices, Mandatory
Appendix XI, or by the rules of Section IIl Appendices, Man-
datory Appendices II and XIII.

NCD-3262.4 Studded Connections. Where tapped
holes are provided for studs, the threads shall be full
and clean and shall engage the stud for a length not
less than the larger of d or

Design stress intensity value

of stud material at Design Temperature
0.75dg X

Design stress intensity value

of tapped material at Design Temperature

in which d is the root diameter of the stud, except that the
thread engagement need not exceed 1%d;.

NCD-3263 Access and Inspection Openings

The requirements for access and inspection openings
are given in NCD-3363.

NCD-3264 Attachments and Supports

NCD-3264.1 General Requirements. Supports, lugs,
brackets, stiffeners, and other attachments may be
welded or stud bolted to the outside or inside of a
vessel wall. All stud bolted attachments require a detailed
fatigue analysis in accordance with the requirements of
Section III Appendices, Mandatory Appendix XIII unless
the conditions of NCD-3219 are met. Attachments shall
conform reasonably to the curvature of the shell to
which they are to be attached. The fabrication
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requirements of NCD-4267 and the examination require-
ments of NCD-5250 shall be met.

NCD-3264.2 Attachment Materials. Materials welded
directly to pressure parts shall meet the requirements of
NCD-2190.

NCD-3264.3 Design of Attachments. The effects of
attachments, including external and internal piping
connections, shall be taken into account in the design.
Attachments shall meet the requirements of NCD-3135.

NCD-3264.4 Design of Supports.

(a) Allvessels shall be so supported and the supporting
members so arranged and attached to the vessel as to
provide for the maximum imposed loadings. Wind and
earthquake loads need not be assumed to occur simulta-
neously.

(b) All supports should be designed to prevent exces-
sive localized stresses due to temperature changes in the
vessel or deformations produced by the internal pressure.

(c) Horizontal vessels supported by saddles shall
provide bearing extending over at least one-third of
the shell circumference.

(d) Additional requirements for the design of supports
are given in NCA-3211.18 and Subsection NF.

NCD-3264.5 Types of Attachment Welds. Welds
attaching nonpressure parts or stiffeners to pressure
parts shall meet the requirements of NCD-4267.

NCD-3264.6 Stress Values for Weld Material. Attach-
ment weld strength shall be based on the nominal weld
area and the design stress intensity values in Section II,
PartD, Subpart 1, Tables 24, 2B, and 4 and stress critéria in
NCD-3200 for the weaker of the two materialsjoined, or,
where weaker weld metal is permitted, the/design stress
intensity values of the weld metal multiplied by the
following reduction factors: 05 for fillet welds
NCD-3264.5; 0.75 for partial penetration groove or
partial penetration groowve plus fillet welds
NCD-3264.5; 1.0 for complete weld penetration. The
nominal weld area for fillet welds is the throat area;
for groove welds, the(depth of penetration times the
length of weld; and\for groove welds with fillet welds,
the combined thri@at and depth of penetration, exclusive
of reinforcement, times the length of weld.

(a) Attashment Welds — Evaluation of Need for Fatigue
Analysis~In applying Condition AP or BP of NCD-3219.3,
fillet-welds and partial penetration welds are considered
nonintegral attachments, except that the following welds
need not be considered:

(1) welds for minor attachments
(2) welds for supports which may be considered
integral as covered by Conditions A and B of NCD-3219.2

NCD-3266 Threaded Connections
(a) Threads
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(1) Pipes,tubes, and other threaded connections that
conform to ANSI/ASME B1.20.1, Pipe Threads, General
Purpose, may be screwed into a threaded hole in a
vessel wall, provided the pipe engages the minimum
number of threads specified in Table NCD-3266-1 after
allowance has been made for curvature of the vessel
wall. A built-up pad or a properly attached plate or
fitting shall be used to provide the metal thickness and
number of threads required in Table NCD-3266-1 or-to
furnish reinforcement when required.

(2) Straight threaded connections may be eémployed
as provided for in (b)(2).

(b) Restrictions on the Use of Threaded-Connections

(1) Taper Threaded Connections. Internhal taper pipe
thread connections larger than NPS 2 (DN 50) shall not be
used.

(2) Straight Threaded Connéctions

(-a) Threaded connections employing straight
threads shall provide for mechanical seating of the
assembly by a shouldér or similar means. Straight
thread center openings/in vessel heads shall meet the re-
quirements of N€D>3230. The length of the thread shall be
calculated for,theopening design and they shall not exceed
the smaller of-one-half the vessel diameter or NPS 8
(DN 200).In addition, they shall be placed at a point
where-the calculated stress without a hole, due to any
combination of design pressure and mechanical loadings
expected to occur simultaneously, is not more than 0.5S,,,.

(-b) Threaded connections above 2%, in. (70 mm)
in diameter may be used only if they meet the require-
ments of NCD-3219, or, if these requirements are not
met, a detailed fatigue analysis shall be made in accor-
dance with the rules of Section III Appendices, Mandatory
Appendix XIII.

NCD-3300 VESSEL DESIGN
NCD-3310 GENERAL REQUIREMENTS

Class 2 and Class 3 vessel requirements as stipulated in
the Design Specifications (NCA-3211.19) shall conform to
the design requirements of this Article.

Table NCD-3266-1
Minimum Number of Pipe Threads for Connections

Size of Pipe Threads Min. Plate Thickness
Connection, NPS (DN) Engaged Required, in. (mm)

Y (15) 6 0.43 (11)

%4 (20) 6 0.43 (11)

1 (25) 6 0.61 (16)

1Y, (32) 6 0.61 (16)

1Y% (40) 6 0.61 (16)

2 (50) 8 0.70 (18)
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Table NCD-3321-1
Stress Limits for Design and Service Loadings

Service Limit Stress Limits [Note (1)]
om < 1.0

(o or 0y) + 05 < 1.58

Design and Level A

Level B o, < 1.108

(om or oy) + 0, < 1.65S
Level C om < 158

(o or 01) + 0, < 1.85
Level D oy < 2.0S

(om or oy) + 0 < 2.4S

GENERAL NOTE: See NCD-3321 for definitions of symbols.

NOTE: (1) Theselimits do nottake into accounteitherlocal or general
buckling which might occur in thin wall vessels.

NCD-3320 DESIGN CONSIDERATIONS

NCD-3321 Stress Limits for Design and Service
Loadings

Stress'* limits for Design and Service Loadings are
specified in Table NCD-3321-1. The symbols used in
Table NCD-3321-1 are defined as follows:

S = allowable stress value given in Section IL\Part D,
Subpart 1, Tables 1A, 1B, and 3. The allowable
stress shall correspond to the highést metal
temperature at the section under,consideration
during the condition under consideration.
bending stress. This stressds.equal to the linear
varying portion of the/stress across the solid
section under considération. It excludes disconti-
nuities and concentrations, and is produced only
by pressure and+other mechanical loads.
local membrane- stress. This stress is the same as
Om, exceptthat it includes the effect of discontinu-
ities.
general ‘membrane stress. This stress is equal to
the.average stress across the solid section under
¢onsideration. It excludes discontinuities and
concentrations, and is produced only by pressure
and other mechanical loads.

Op

oL

Om

Typical examples of locations for which ¢}, 0;, and o,
are applicable are shown in Table NCD-3321-2.

NCD-3322 Special Considerations
The provisions of NCD-3120 apply.
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NCD-3323 General Design Rules

The provisions of NCD-3130 apply except as modified
by the rules of this subarticle. In case of conflict, this subar-
ticle governs the design of vessels.

NCD-3324 Vessels Under Internal Pressure

NCD-3324.1 General Requirements. Equations<@re
given for determining the minimum thicknesses‘under
internal pressure loading in cylindrical and _spherical
shells and ellipsoidal, torispherical, conical, toriconical,
and hemispherical heads. Provision shall be made for
any of the other loadings listed in-NCD-3111 when
such loadings are specified.

NCD-3324.2 Nomenclature. Fhe symbols used in this
paragraph and Figure NCD<3324.2-1 are defined as
follows:

D = inside diameter of the head skirt; or inside
lengthlof the major axis of an ellipsoidal
head;. or inside diameter of a conical head at
the point under consideration, measured
perpendicular to the longitudinal axis
inside diameter of the conical portion of a tori-
conical head at its point of tangency to the
knuckle, measured perpendicular to the axis
of the cone
outside diameter of the head skirt; or outside
length of the major axis of an ellipsoidal
head; or outside diameter of a conical head
at the point under consideration, measured
perpendicular to the longitudinal axis
ratio of the major to the minor axis of ellipsoidal
heads, which equals the inside diameter of the
skirt of the head divided by twice the inside
height of the head and is used in Table
NCD-3324.2-1
joint efficiency for, or the efficiency of, appro-
priate joint in the shell or head; for hemisphe-
rical heads this includes head-to-shell joints. For
welded construction use the value of E specified
in NCD-3352. For seamless heads use E = 1,
except for hemispherical heads furnished
without a skirt, in which case the head-to-
shell joint must be considered.

1 for Class 2 vessels

one-half of the length of the minor axis of the
ellipsoidal head or the inside depth of the ellip-
soidal head measured from the tangent line
(head-bend line)

a factor in the equations for ellipsoidal heads
depending on the head proportion D/2h
(Table NCD-3324.2-1)

D1

D/2h
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Table NCD-3321-2

Classification of Stress in Vessels for Some Typical Cases

Vessel Part Location Origin of Stress Type of Stress Classification
Cylindrical or sphe- | Shell plate remote from Internal pressure General membrane Om
rical shell discontinuities Gradient through plate thickness | Q
Axial thermal gradient Membrane Q
Bending Q
Junction with head or flange | Internal pressure Membrane oy,
Bending Q [Note (1)]

Any shell or head

Any section across entire
vessel

External load or moment, or
internal pressure

General membrane averaged
across full section. Stress
component perpendicular to
cross section.

Om

External load or moment Bending across full section. Stress\(‘oy,
component perpendicular td
cross section.
Near nozzle or other opening | External load or moment, or Local membrane oL
internal pressure Bending 0
Peak (fillet or.corner) F
Any location Temperature difference between | Membrane Q
shell and head Bending 0
Dished head or Crown Internal pressure Mernbrane Om
conical head Bending 0
Knuckle or junction to shell | Internal pressure Membrane o, [Note (2)]
Bending Q
Flat head Center region Internal pressure Membrane Om
Bending op
Junction to shell Internal pressure Membrane oy, [Note (1)]
Bending Q
Perforated head or | Typical ligament in a uniform | Pressure Membrane (averaged through Om
shell pattern cross section)
Bending (averaged through width | o},
of ligament, but gradient
through plate)
Peak F
Isolated or atypical ligdmient | Pressure Membrane Q
Bending F
Peak F
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Table NCD-3321-2

Classification of Stress in Vessels for Some Typical Cases (Cont’d)

Vessel Part Location Origin of Stress Type of Stress Classification
Nozzle Within the limits of rein- Pressure and external loads and General membrane Om
forcement defined by moments, mcludl.ng those attri- Bending (other than gross struc- | o,
NCD-3334 b}ltable to restrained free e.ncll tural discontinuity stresses)
displacements of attached piping averaged through nozzle
thickness
Outside the limits of rein- Pressure and external axial, shear, | General membrane stresses Om
forcement defined by and torsional loads other than
NCD-3334 those attributable to restrained
free end displacements of
attached piping
Pressure and external loads and Membrane oL
moments other t.han those attri- Bending o
butable to restrained free end
displacements of the attached
piping
Pressure and all external loads and | Membrane oL
moments Bending 0
Peak F
Nozzle wall Gross structural discontinuities Locdlmembrane oL
Bending Q
Peak F
Differential expansion Membrane Q
Bending Q
Peak F
Cladding Any Differential expansion Membrane F
Bending F
Any Any Radial temp. distribution [Note (3)] | Equivalentlinear stress [Note (4)] | @
Nonlinear portion of stress F
distribution
Any Any Any Stress concentration (notch F
effect)

GENERAL NOTE: Q and F classifications of strésses refer to other than Design Condition.

NOTES:

(1) If the bending moment at the edge is(fequired to maintain the bending stress in the middle within acceptable limits, the edge bending is
classified as o,. Otherwise, it is €lassified as Q.

(2) Consideration must also be given to the possibility of wrinkling and excessive deformation in vessels with a large diameter-thickness ratio.

(3) Consider possibility of thermal stress ratchet.

(4) Equivalent linear stress is.defined as the linear distribution that has the same net bending moment as the actual stress distribution.
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Figure NCD-3324.2-1
Principal Dimensions of Typical Heads

o

| Rl

~

(a) Ellipsoidal

—_ >

(d) Conical

inside spherical or crown radius for totisphe-

rical and hemispherical heads

= KD for ellipsoidal heads in whichKjis obtained
from Table NCD-3332.2-1

= outside spherical or crown, radius

Design Pressure

= inside radius of the shell’course under consid-

eration before corresion allowance is added

inside knuckle radius

outside radius.of the shell course under consid-

eration

maximuin allowable stress value (Section II,

Part.D,"Subpart 1, Tables 14, 1B, and 3)

mifiimum required thickness of shell or head

after forming, exclusive of corrosion allowance

one-half ofthe included apex angle of the cone at

the center line of the head, deg

NCD-3324.3 Cylindrical Shells. The minimum thick-
ness of cylindrical shells shall be the greater thickness
as given by (a) through (d) below.

0

(b) Spherically Dished
(Torispherical)

82

(c) Hemispherical

(e) Toriconical
(Cone Head With Knuckle)

(a) Circumferential Stress (Longitudinal Joints). When
the thickness does not exceed one-half of the inside
radius, or P does not exceed 0.385SE, the following equa-
tions shall apply:

PR

= —— or

SE — 0.6P

SEt
R + 0.6t

(b) Longitudinal Stress (Circumferential Joints). When
the thickness does not exceed one-half of the inside
radius, or P does not exceed 1.25SE, the following equa-

tions shall apply:
PR

t = —— or

28E + 0.4P

_ 2SEt
R — 04t

(c) Thickness of Cylindrical Shells. The following equa-
tions, in terms of the outside radius, are equivalent to and
may be used instead of those given in (a) above:

PR, SEt
t = ——— or P EEEEE—
SE + 0.4P R, — 04t

(d) Thick Cylindrical Shells
(1) Circumferential Stress (Longitudinal Joints).
When the thickness of the cylindrical shell under internal
pressure exceeds one-half of the inside radius or when P
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Table NCD-3324.2-1
Values of Factor K

D/2h 3.0 2.9 2.8 2.7 2.6 2.5 2.4 2.3 2.2 2.1 2.0
K 1.83 1.73 1.64 1.55 1.46 1.37 1.29 1.21 1.14 1.07 1.00
D/2h 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.0

K 0.93 0.87 0.81 0.76 0.71 0.66 0.61 0.57 0.53 0.50

GENERAL NOTE: Use nearest value of D/2h; interpolation unnecessary.

exceeds 0.385SE, the following equations shall apply.
When P is known and ¢t is desired:
M7 1]

t = R(Z1/2 - 1) Ro[7

where

SE + P
T SE-P

When t is known and P is desired

=SE(Z—1)
Z +1

P

where
RO

- (M) = () - )
R R, — t

(2) Longitudinal Stress (Circumferential joints).

When the thickness of the cylindrical shell underinternal

pressure exceeds one-half of the inside radius.6r when P

exceeds 1.25SE, the following equations shall' apply. When
P is known and t is desired
1/2 _
Ro[z 1]

t = R(zl/2 - 1) i

R+t
R

where

P
SE

7 = + 1

When %39 known and P is desired
SE(Z — 1)
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NCD-3324.4 Spherical Shells.

(a) When the thickness of the shell of aspherical vessel
does not exceed 0.356R or P does not-éxceed 0.665SE, the
following equations shall apply. Ay reduction in thick-
ness within a shell course of a»spherical shell shall be
in accordance with NCD-3361.

PR
t = ————= or

28E — 0.2P

2SEt
R + 0.2t

(b) The followinhg equations, in terms of the outside
radius, are équivalent and may be used instead of
those given_ in/(a) above:

PR,
2SE + 0.8P

2SEt

P -
R, — 0.8t

(c) When the thickness of the shell of a spherical vessel
under internal pressure exceeds 0.356R or when P
exceeds 0.665SE, the following equations shall apply.
When P is known and t is desired

1/3
Y -1
t:R<Y1/3—1):R rr-1
0 yi/3
where
y = 2(E + P)
2SE — P

When t is known and P is desired

_ Y—l)
Y + 2

p

2SE (

where
RO

Y=< >3=(Ro—t)3

NCD-3324.5 Formed Heads, General Requirements.
Formed heads shall meet the requirements of (a)
through (i) below.

R+t
R
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(a) All formed heads, thicker than the shell and concave
to pressure, for butt-welded attachment, shall have a skirt
length sufficient to meet the requirements of
Figure NCD-3358.1(a)-1 when a tapered transition is
required.

(b) Any taper at a welded joint within a formed head
shall be in accordance with NCD-3361. The taper at a
circumferential welded joint connecting a formed head
to a main shell shall meet the requirements of
NCD-3358 for the respective type of joint shown therein.

(c) All formed heads concave to pressure and for butt-
welded attachment need not have an integral skirt when
the thickness of the head is equal to or less than the thick-
ness of the shell. When a skirt is provided, its thickness
shall be at least that required for a seamless shell of the
same diameter.

(d) The inside crown radius to which an unstayed head
is dished shall be not greater than the outside diameter of
the skirt of the head. The inside knuckle radius of a tori-
spherical head shall be not less than 6% of the outside
diameter of the skirt of the head but in no case less
than three times the head thickness.

(e) Ifatorispherical, ellipsoidal, or hemispherical head
is formed with a flattened spot or surface, the diameter of
the flat spot shall not exceed that permitted for flat heads
as given by NCD-3325.2(b), eq. (4) or eq. (5) using C=0.25.

(f) Openings in formed heads under internal pressure
shall comply with the requirements of NCD-3330.

(g) For Class 3 Only

(1) When an ellipsoidal, torispherical, hemisphe-
rical, conical, or toriconical head is of a lesser thickiess
thanrequired by the rules of NCD-3324.5, it shall be stayed
as a flat surface according to the rules of NCD43329.

(2) A dished head with a reversed skirtanay be used
in a component, provided the maximum allewable pres-
sure for the head is established in accerdance with the
requirements of NCD-6900.

(3) Heads concave to pressute)intended for attach-
ment by brazing, shall have a skirtlength sufficient to meet
the requirements for circumferential joints (NCD-4500).

NCD-3324.6 Ellipsoidal Heads.

(a) 2:1 Ellipsoidal\Heads. The required thickness of a
dished head of-sémiellipsoidal form, in which one-half
the minor axis*(inside depth of the head minus the
skirt) equals’ one-fourth the inside diameter of the
head skirt;-shall be determined by

PD
t = —— or

28E — 0.2P

_ 2SEt
D + 02t

(b) Ellipsoidal Heads of Other Ratios. The minimum
required thickness of an ellipsoidal head of other than
a 2:1 ratio shall be determined by

PDK
2SE — 0.2P

2SEt
KD + 0.2t

or
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B PD,K
28E + 2P(K — 0.1)
or
2SE
P = SEt
KD, — 2t(K — 0.1)
where
2
1 D
= _ 2 + J——
K 6 (2h>

Numerical values of the factor K are given*in Table
NCD-3324.2-1.

NCD-3324.7 Hemispherical Heads¢

(a) When the thickness of a_hefmispherical head does
not exceed 0.356L or P does.not exceed 0.665SE, the
following equations shall apply:

PL

t = ——F— or

2SE — 0.2P

2SEt
L + 0.2t

(b) When the“thickness of the hemispherical head
under internal pressure exceeds 0.356L or when P
exceeds 0/665SE, the following equations shall apply:

1/3 _
t = L(Y1/3 - 1) X -1
73
where
_ 2(SE + P)
T 2SE-P
or
P = ZS(Y — 1)
Y + 2
where
3
Y=<L+t>3 =[ Lo ]
L L, — t

NCD-3324.8 Torispherical Heads.

(a) Torispherical Heads With 6% Knuckle Radius. The
required thickness of a torispherical head in which the
knuckle radius is 6% of the inside crown radius shall
be determined by

0.885PL
SE — 0.1P

SEt

or P = ——M
0.885L + 0.1t

(b) Torispherical Heads of Other Proportions. The
required thickness of a torispherical head in which the
knuckle radius is other than 6% of the crown radius
shall be determined by
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Table NCD-3324.8(b)-1
Values of Factor M

L/r 1.0 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50

M 1.00 1.03 1.06 1.08 1.10 1.13 1.15 1.17 1.18 1.20 1.22

L/r 4.0 4.5 5.0 55 6.0 6.5 7.0 7.5 8.0 8.5 9.0

M 1.25 1.28 1.31 1.34 1.36 1.39 1.41 1.44 1.46 1.48 1.50

L/r 9.5 10.00 10.5 11.0 11.5 12.0 13.0 14.0 15.0 16.0 16.67 [Note (1)}
M 1.52 1.54 1.56 1.58 1.60 1.62 1.65 1.69 1.72 1.75 1.77

GENERAL NOTE: Use nearest value of [/r; interpolation unnecessary.

NOTE: (1) Maximum ratio allowed by NCD-3324.5(d) when L equals the outside diameter of the skirt of the head.

PLM 2SEt
= — or = — (1)
2SE — 0.2P LM + 0.2t
PL
- M @
2SE + P(M — 0.2)
or
2SEt
= (3)
ML, — t(M — 02)
where
M = 1[3 N \/£] @
4 r

Numerical values of the factor M are given in Table
NCD-3324.8(b)-1.

(c) Torispherical heads made of material having a
specified minimum tensile strength exceeding80 ksi
(550 MPa) shall be designed using a value ,of*S equal
to 20 ksi (140 MPa) at room temperature\and reduced
in proportion to the reduction in maximum allowable
stress values at temperature for the niaterial as shown
in Section II, Part D, Subpart 1, Tables 1A, 1B, and 3.

NCD-3324.9 Conical Heads Without Transition
Knuckle. The required thi¢ckness of conical heads or
conical shell sections that.have a half-apex angle a not
greater than 30 deg shall be determined by

PD _ 2SEt cosa
2 cos a(SE \— “0.6P) D + 12tcosa

For a > 30'deg, see NCD-3324.11(b)(5). A compression
ring shall be provided when required by the rule in
NCD<8324.11(b).

NCD-3324.10 Toriconical Heads. Toriconical heads in
Which the inside knuckle radius is neither less than 6% of
the outside diameter of the head skirt norless than 3 times
the knuckle thickness shall be used when the angle a
exceeds 30 deg except when the design complies with
NCD-3324.11. The required thickness of the knuckle
shall be determined by NCD-3324.8(b), eq. (1) in which
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Dy

2 copmr

The required thickness(of, the conical portion shall be
determined by the equation in NCD-3324.9, using D; in
place of D.

NCD-3324.11.Reducer Sections.

(a) Generdl Requirements
(1) THe rules of (a) apply to concentric reducer
sectiofs)
(2) The symbols used are defined as follows:

A = required area of reinforcement
A, = effective area ofreinforcement, due to excess metal
thickness
D; = inside diameter of reducer section at point of
tangency to the knuckle or reverse curve
m = the lesser of
[Ecos (@ - A)] o [tc cosa cos (@ — A)
t t
R, = inside radius of larger cylinder
r;, = inside radius of knuckle at larger cylinder
R; = inside radius of smaller cylinder
rg = radius to the inside surface of flare at the small end
t. = nominal thickness of cone at cone-to-cylinder junc-
tion, exclusive of corrosion allowance
t. = the smaller of (t; - t) or [t. - (t/cos )]
t; = nominal thickness of cylinder at cone-to-cylinder

junction, exclusive of corrosion allowance

value to indicate need for reinforcement at cone-
to-cylinder intersection having a half-apex angle
a < 30 deg. When 4 = a, no reinforcement
at the junction is required [Tables
NCD-3324.11(b)(2)-1 and NCD-3324.11(b)(3)-1]

(3) The thickness of each element of a reducer, as
defined in (4) below, under internal pressure shall not
be less than that computed by the applicable equation.
In addition, provisions shall be made for any of the
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other loadings listed in NCD-3111 when such loadings are
expected.

(4) A transition section reducer consisting of one or
more elements may be used to join two cylindrical shell
sections of different diameters but with a common axis,
provided the requirements of (-a) and (-b) below are met.

(-a) Conical Shell Section. The required thickness
ofa conical shell section or the allowable pressure for such
a section of given thickness shall be determined by the
equations given in NCD-3324.9.

(-b) Knuckle Tangentto the Larger Cylinder. Where
a knuckle is used at the large end of a reducer section, its
shape shall be that of a portion of an ellipsoidal, hemisphe-
rical, or torispherical head. The thickness and other
dimensions shall satisfy the requirements of NCD-3324.

(5) When elements of (4) above having different
thicknesses are combined to form a reducer, the joints,
including the plate taper required by NCD-3361, shall
lie entirely within the limits of the thinner element
being joined.

(6) A reducer may be a simple conical shell section
[Figure NCD-3324.11(a)(6)-1, sketch (a)] without
knuckle, provided the half-apex angle, «, is not greater
than 30 deg, except as provided for in (b) below. A rein-
forcement ring shall be provided at either or both ends of
the reducer when required by (b) below.

(7) A toriconical reducer [Figure
NCD-3324.11(a)(6)-1, sketch (b)] may be shaped as a
portion of a toriconical shell, a portion of a hemispherical
head plus a conical section, or a portion of an ellipsoidal
head plusa conical section, provided the half-apex angle,
is not greater than 30 deg, except as provided for ih/b)
below. A reinforcement ring shall be provided atthe’small
end of a conical reducer element when required by (b)
below.

(8) Reverse curve redugers [Figure
NCD-3324.11(a)(6)-1, sketches (€) and (d)] may be
shaped of elements other than those as illustrated.

(b) Supplementary Requirements for Reducer Sections
and Conical Heads Under Interhal Pressure

(1) The equations of (2) and (3) below provide for
the design of reinforcemeént, if needed, at the cone-to-cyl-
inder junctions for_reducer sections and conical heads
where all the elements have a common axis and the
half-apex angle\a < 30 deg. In (5) below, provision is
made for special analysis in the design of cone-to-cylinder
intersections with or without reinforcing rings where a >
30 deg:

(2) Reinforcement shall be provided at the junction
of the cone with the large cylinder for conical heads and
reducers without knuckles when the value of A, obtained
from Table NCD-3324.11(b)(2)-1, using the appropriate
ratio P/SE, is less than a. Interpolation may be made in the
Table.
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(-a) The cross-sectional area of the reinforcement
ring shall be at least equal to that indicated by the
following equation:

2SE a

P(Rp)* (

;)
1 — —|tana

(-b) When the thickness, less corrosion allowance,
of both the reducer and cylinder exceeds that required-by
the applicable design equations, the minimum excess
thickness may be considered to contribute to the required
reinforcement ring in accordance with the following equa-
tion:

Ae = 4te RLtS

(-c) Any additional area of réinforcement that is
required shall be situated within a distance of /Ryt

from the junction of the reducer and the cylinder. The
centroid of the added ar&a shall be within a distance
of 0.5,/Rt; from thejunction.

(3) Reinforcement shall be provided at the junction
of the conical shell of a reducer without a flare and the
small cylinder when the value of A obtained from
Table NCD-8324.11(b)(3)-1, using the appropriate
ratio P/SE) is less than a.

(-a) The cross-sectional area of the reinforcement
ring shall be at least equal to that indicated by the
following equation:

B PRSZ(

)
1 — —|tana
2SE

a

(-b) When the thickness, less corrosion allowance,
of either the reducer or cylinder exceeds that required by
the applicable design equation, the excess thickness
may be considered to contribute to the required reinforce-
ment ring in accordance with the following
equation:

Ay = m Rt [t, — (t/cosa) + (t; — t)]

(-c) Any additional area of reinforcement that is
required shall be situated within a distance of /Ry
from the junction, and the centroid of the added area
shall be within a distance of 0.5,/R¢t; from the junction.

(4) Reducers not described in (a)(3), such as those
made up of two or more conical frustums having different
slopes, may be designed in accordance with (5) below.

(5) When the halfapex angle ais greater than 30 deg,
cone-to-cylinder junctions without a knuckle may be used,
with or without reinforcing rings, if the design is based on
stress analysis. When such an analysis is made, the calcu-
lated localized stresses at the discontinuity shall not
exceed the following values.
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Figure NCD-3324.11(a)(6)-1
Large Head Openings, Reverse Curve, and Conical Shell Reducer Sections

~

L

(b)

GENERAL NOTES:
(a) r, shall not be less than the smaller of 0.12(R, + t) or 3t.
(b) rs has no dimensional requirement.

Table NCD-3324.11(b)(2)-1
Values of A for Junctions at the Large Cylinder for a < 30 deg

P/SE 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 [Note (1)]
A, deg 11 15 18 21 23 25 27 28.5 30

NOTE: (1) 4 = 30 deg for greater values of P/SE.

Table NCD-3324.11(b)(3)-1
Values of 4 fob Junctions at the Small Cylinder for a < 30 deg

P/SE 0.002 0.005 0.010 0.02 0.04 0.08 0.10 0.125 [Note (1)]
A, deg 4 6 9 12.5 175 24 27 30

NOTE: (1) 4 = 30 deg for greateryvalues of P/SE.

(-a) Membrane hoop stress plus average discon- NCD-3324.12 Nozzles.
tinuity hoop stress'shall not be greater than 1.5SE, where
the “average discontinuity hoop stress” is the average
hoop stress-across the wall thickness due to the disconti-
nuity at the‘junction, disregarding the effect of Poisson’s
ratio times the longitudinal stress at the surfaces.

(-b) Membrane longitudinal stress plus disconti-
nuity longitudinal stress due to bending shall not be
greater than 3SE.

(-c) The angle joint between the cone and cylinder
shall be designed equivalent to a double butt-welded joint,
and, because of the high bending stress, there shall be no
weak zones around the angle joint. The thickness of the
cylinder may have to be increased to limit the difference in
thickness so that the angle joint has a smooth contour.

(a) The wall thickness of a nozzle or other connection
shall not be less than the nominal thickness of the
connecting piping. In addition, the wall thickness shall
not be less than the thickness computed for the applicable
loadings in NCD-3111 plus the thickness added for corro-
sion allowance. Except for access openings and openings
forinspection only, the wall thickness shall notbe less than
the smaller of (1) and (2) below:

(1) the required thickness of the shell or head to
which the connection is attached plus the corrosion allow-
ance provided in the shell or head adjacent to the connec-
tion;
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(2) the nominal wall thickness of standard wall pipe
listed in ASME B36.10M less 12.5% plus the corrosion
allowance on the connection. For diameters other than
those listed in ASME B36.10M, nominal wall shall be
based on the next larger pipe size; for nozzles larger
than the largest pipe size included in ASME B36.10M,
the nominal wall shall be based on largest size listed.

(b) Theallowable stress value for shear in a nozzle neck
shall be 70% of the allowable tensile stress for the vessel
material.

NCD-3324.13 Nozzle Piping Transitions. The stress
limits of Table NCD-3321-1 shall apply to all portions
of nozzles that lie within the limits of reinforcement
given in NCD-3334, except as provided for in
NCD-3324.14. Stresses in the extension of any nozzle
beyond the limits of reinforcement shall be subject to
the stress limits of NCD-3600.

NCD-3324.14 Consideration of Standard Reinforce-
ment.

(a) Where a nozzle-to-shell junction is reinforced in
accordance with the rules of NCD-3334, the stresses in
this region due to internal pressure may be considered
to satisfy the limits of Table NCD-3321-1. Under these
conditions no analysis is required to demonstrate compli-
ance for pressure-induced stresses in the nozzle region.

(b) Where external piping loads are specified,
membrane plus bending stresses due to these loads
shall be calculated in the nozzle, and membrane stresses
shall be calculated in the local nozzle-to-shell region.
These stresses, in conjunction with pressure-induced
stresses, shall meet the limits of Table NCD-3324-1 for
(om or 0;) + 0. In this case the pressure-inducedistresses
in the (o, or 0;) + 0, category may be assumed to be no
greater than the limit for o, in Table NCD-3321-1 for a
given condition.

NCD-3324.15 Other Loadings. When necessary,
vessels shall be provided with stiffeners or other addi-
tional means of support to.prévent overstress or large
distortions under the-external loadings listed in
NCD-3111 other than’pressure and temperature.

NCD-3325 Flat Heads and Covers

The minimum thickness of unstayed flat heads, cover
plates, and ‘blind flanges shall conform to the require-
ments_given in this paragraph. These requirements
apply,to both circular and noncircular heads and
covers. Some acceptable types of flat heads and covers
are shown in Figure NCD-3325-1. In this figure, the dimen-
sions of the component parts and the dimensions of the
welds are exclusive of extra metal required for corrosion
allowance.

Special consideration shall be given to the design of
shells, nozzle necks, or flanges to which noncircular
heads or covers are attached.
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NCD-3325.1 Nomenclature. The symbols used are
defined as follows:

C = afactor depending upon the method of attachment
of head, shell dimensions, and other items as listed
in NCD-3325.3, dimensionless
long span of noncircular heads or covers measured
perpendicular to short span
diameter, or short span, measured as indicated it
Figure NCD-3325-1
gasket moment arm, equal to the radiaKdistance
from the center line of the bolts to\the line of
the gasket reaction, as shown in Section III Appen-
dices, Mandatory Appendix XI, Table X1-3221.1-2
perimeter of noncircular boltéd head measured
along the centers of the holt‘holes
length of flange of flanged heads, measured from
the tangent line of knuckle, as indicated in
Figure NCD-3325-1¢sketches (a) and (c)
= the ratio t,/t; dimensionless
Design Pressure
= inside corner radius on a head formed by flanging
or forging
maximutun allowable stress value, from Section II,
Rart\D, Subpart 1, Tables 14, 1B, and 3
minimum required thickness of flat head or cover,
exclusive of corrosion allowance
throat dimension of the closure weld, as indicated
in Figure NCD-3325-1 sketch (1)
= actual thickness of the flange on a forged head, at
the large end, exclusive of corrosion allowance, as
indicated in Figure NCD-3325-1 sketches (b-1) and
(b-2)
actual thickness of flat head or cover, exclusive of
corrosion allowance
required thickness of seamless shell, for pressure
actual thickness of shell, exclusive of corrosion
allowance
t, = thickness through the weld joining the edge of a

head to the inside of a vessel, as indicated in
Figure NCD-3325-1 sketch (g)

~ o S
Il

W = total bolt load, given for circular heads for Section
[II Appendices, Mandatory Appendix XI, XI-3223,
eqgs. (3) and (4)

Z = a factor of noncircular heads and covers that

depends on the ratio of short span to long span
(NCD-3325.2), dimensionless

NCD-3325.2 Thickness. The thickness of unstayed flat
heads, covers, and blind flanges shall conform to one of the
following four requirements.

NOTE: The equations provide structural integrity as far as stress

is concerned. Greater thicknesses may be necessary if deflection
would cause leakage at threaded or gasketed joints.
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Figure NCD-3325-1

Some Acceptable Types of Unstayed Flat Heads and Covers

'p— Center of weld

tg min,

=2,

tymin. = tS

|
te— Center of lap

/
t_ Tangent

l
:‘ /—H__ Tangent K ¢
_{_ts ! line ) sl_r -L\ line
r=1.5t,min. RN
Ll : 1 r= 3t min.
r=3tmin.
Taper d
d For the case where ¢
t
} __J' B tf =t (see
- C=0.33m Figure NCD-4243.1-1) C =0.20.0r 0113
C=0.170r0.10 Cmin. - 0.20
(a) (b-1) (b-2) (c) Fo¥Class 3 Only

O
% r=Y%tmin.

See Fig. NCD-4243-1
for details of

welded joint tg not less
than 1.25¢,

(e) For Class 3 Only [Notes (1) and (2)]

c=0.17
(p)

(f) For Class 3 Only

See Fig. NCD-4243-1

for détails of outside

welded joint

€'=0.33m

t,, = 2t, min. not less than 1.25ts,

but need not be greatép than t
Projection

beyond weld
is optional
— Bevel optional
) — 45 deg max.

of shejl
optiohal

[Nlates (1) and (2)] (g) For Class 3 Only [Notes (1) and (2)]

hg

!
|

e

—

b

[Use NCD-3325.2(b), eq. (5)]

[Use NCD-3325.2(b), eq. (5); or

Cmin. =0.20
NCD-3325.2(d), eq. (8)]
(i) For Class 3 Only (i) (k)
. 3 ;
Retaining ring \E “$#— Threaded ring
Cc=0.20 Cc=0.20
(n) (o)
: 30 deg min.
1 1 45 deg max_ﬁ/ Seal weld %t min.
R L/ l N O,8t$ min.
. d ¢ t
t{ | d \ min. tq =tort ¥
T 1 i l 1 whichever A or .
C=0.50 ™ is greater J §
=033 C=0.33

(s) For Class 3 Only

(q) For Class 3 Only [Note (3)]

(r) For Class 3 Only

GENERAL NOTE: The illustrations above are diagrammatic only. Other designs that meet the requirements of NCD-3325 are acceptable.

89



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

ASME BPVC.III.1.NCD-2023

Figure NCD-3325-1
Some Acceptable Types of Unstayed Flat Heads and Covers (Cont’d)

NOTES:

(1) Circular covers, € = 0.33m, € min. = 0.20.

(2) Noncircular covers, C = 0.33.

(3) When pipe threads are used, see Table NCD-3361.2.2-1.

(a) Circular blind flanges of ferrous materials
conforming to ASME B16.5 shall be acceptable when of
the types shown in Figure NCD-3325-1 sketches (j)
and (k).

(b) The minimum required thickness of flat unstayed
circular heads, covers, and blind flanges shall be calculated

by eq. (4)
d\/CP/S

except when the head, cover, or blind flange is attached
by bolts causing an edge moment [Figure NCD-3325-1
sketches (j) and (k)], in which case the thickness shall
be calculated by eq. (5)

t = (4)

t = d\/CP/S + 127 Whg/Sd> ®)

When using eq. (5), the thickness t shall be calculated for
both Service Loadings and gasket seating and the greater
of the two values shall be used. For Service Loadings, the
value of P shall be the Design Pressure and the values of-S.
at the Design Temperature and W from Section III Appeh-
dices, Mandatory Appendix XI, XI-3223, eq. (3) shalV'be
used. For gasket seating, P equals zero and the'walues
of S at atmospheric temperature and W ffom Section
IIT Appendices, Mandatory Appendix XI}’XI-3223, eq.
(4) shall be used.

(c) For Class 3 vessels only, flat unstayed heads, covers,
or blind flanges may be square,\réctangular, elliptical,
obround, segmental, or otherwise noncircular. Their
required thickness shall be caleulated by eqs. (6) and (7)

= @/zcp/s (6)
where
Z=34 — 2 (N
D

with the limitation that Z need not be greater than 2.5.

(d)..FarClass 3 vessels only, eq. (6) of (c) does not apply
to roncircular heads, covers, or blind flanges attached by
bolts causing a bolt edge moment [Figure NCD-3325-1
sketches (j) and (k)]. For noncircular heads of this
type, the required thickness shall be calculated by the
following equation:

t = d\ZCP/S + 4Whg/SLd (8)
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When using eq. (8), the thickness t shall be calculated in
the same way as specified above for (b), eq.(5):

NCD-3325.3 Values of C. For the types of.construction
shown in Figures NCD-3325-1, ,NOD-4243.1-1,
NCD-4243.1-2, and NCD-4243.3-1, they minimum values
of C to be used in NCD-3325.2(b); eqs. (4) and (5);
NCD-3325.2(c), eq. (6); and NCD-3325.2(d), eq. (8) are
given in (a) through (q) below.

(a) In sketch (a), € /0,17 for flanged circular and
noncircular heads forged integral with or butt welded
to the vessel with_an inside corner radius not less than
three times thé-'equired head thickness, with no
special requirentent with regard to length of flange.

(1) C=0.10for circular heads, when the flange length
for heads of the above design is not less than

2
t
| = [1.1 - 0.85—2]./dth

ty

(2) €=0.10for circular heads, when the flange length
l is less than the requirement in (1) above but the shell
thickness is not less than

t, = L2ty /11 — 1/ [dty
for a length of at least 2,/dt,.
(3) When C = 0.10 is used, the taper shall be 1:4.

(b) In sketch (b-1), C = 0.17 for forged circular and
noncircular heads integral with or butt welded to the
vessel, where the flange thickness is not less than two
times the shell thickness, the corner radius on the
inside is not less than three times the flange thickness,
and the welding meets all the requirements for circum-
ferential joints given in Article NCD-4000.

(c) Insketch (b-2), C = 0.33m but not less than 0.20 for
forged circular and noncircular heads integral with or butt
welded to the vessel, where the flange thickness is notless
than the shell thickness, the corner radius on the inside is
not less than 1.5 times the flange thickness, and the
welding meets all the requirements for circumferential
joints given in Article NCD-4000. [See Figure
NCD-4243.3-1 sketches (a) and (b) for the special case
where t; equals t;.]

(d) Insketch (c), € =0.13 for circular heads lap welded
or brazed to the shell with corner radius not less than 3t
and I not less than required by (a)(1) above and the
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requirements of NCD-3358 are met. This sketch is for Class
3 vessels only.

(1) C=0.20 for circular and noncircular lap-welded
or brazed construction as above but with no special
requirement with regard to .

(2) C=0.20 for circular flanged plates screwed over
the end of the vessel with inside corner radius notless than
3t, in which the design of the threaded joint against failure
by shear, tension, or compression, resulting from the end
force due to pressure, is based on a factor of safety of at
least 4 and the threaded parts are at least as strong as the
threads for standard piping of the same diameter. Seal
welding may be used, if desired.

(e) Insketch (d), C=0.13 for integral flat circular heads
when the dimension d does not exceed 24 in. (600 mm),
the ratio of thickness of the head to the dimension d is not
less than 0.05 nor greater than 0.25, the head thickness t;
is not less than the shell thickness t;, the inside corner
radius is not less than 0.25¢t, and the construction is
obtained by special techniques of upsetting and spinning
the end of the shell, such as employed in closing header
ends.

(f) In sketches (e), (f), and (g), C = 0.33m but not less
than 0.20 for circular plates, welded to the inside of a
vessel, and otherwise meeting the requirements for the
respective types of welded vessels. If a value of m less
than 1 is used in calculating ¢, the shell thickness ¢t
shall be maintained along a distance inwardly from the
inside face of the head equal to at least 2\/d—ts. The
throat thickness of the fillet welds in sketches (€)~and
(f) shall be at least 0.7t;. The size of the weld t,, in
sketch (g) shall be not less than two times the required
thickness of a seamless shell nor less than.1.25 times the
nominal shell thickness, but need not bé-greater than the
head thickness; the weld shall be deposited in a welding
groove with the root of the weld at'the inner face of the
head as shown in the figure.

For noncircular plates, welded to the inside of a vessel
and otherwise meeting the requirements for the respec-
tive types of welded vessels, C = 0.33. The throat thickness
of the fillet welds in¢sketches (e) and (f) shall be at least
0.7t,. The size of the weld t,, in sketch (g) shall be not less
than two timesithe required thickness of a seamless shell
nor less thand.25 times the nominal shell thickness, but
need notbegreater than the head thickness; the weld shall
be deposited in a welding groove with the root of the weld
at thetinner face of the head as shown in the figure. These
sketches are for Class 3 vessels only.

(g) In sketch (h), € = 0.33 for circular plates welded to
the end of the shell when ¢, is at least 1.25¢, and the weld
details conform to the requirements of NCD-3358.3(g) and
Figure NCD-4243.2-1 sketches (a) through (g). This sketch
is for Class 3 vessels only.

(h) In sketch (i), € = 0.33m but not less than 0.20 for
circular plates if an inside fillet weld with minimum throat
thickness of 0.7t;is used and the details of the outside weld
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conform to the requirements of NCD-3358.3(g) and Figure
NCD-4243.2-1 sketches (a) through (g), in which the
inside weld can be considered to contribute an amount
equal to t; to the sum of the dimensions a and b. This
sketch is for Class 3 vessels only.

(i) Insketches (j) and (k), € = 0.20 for or Class 2 circular
heads and Class 3 circular heads, noncircular heads, and
bolted to the vessel as indicated in the figures. Noncirclar
heads and covers bolted to the vessel are not permitted for
Class 2 vessels. Note that NCD-3325.2(b),.eq~(5), or
NCD-3325.2(d), eq. (8) shall be used because of the
extra moment applied to the cover by.bolting. When
the cover plate is grooved for a peripheral gasket, as
shown in sketch (k), the net cever plate thickness
under the groove or between the groove and the outer
edge of the cover plate shall’be“hot less than

d |/ 127 Whg, / sd°

for circular heads andcovers, nor less than

4[4 Whe / SLd*

for noncircwlar heads and covers.

(j) In skeétches (m), (n), and (o), C = 0.20 for a circular
plate inserted into the end of a vessel and held in place by a
positive mechanical locking arrangement and when all
possible means of failure (either by shear, tension,
compression, or radial deformation, including flaring,
resulting from pressure and differential thermal expan-
sion) are resisted using stresses consistent with this
Article. Seal welding may be used, if desired.

(k) In sketch (p), € = 0.17 for circular and noncircular
covers bolted with a full face gasket to shells, flanges, or
side plates.

(1) In sketch (q), C = 0.50 for circular plates screwed
into the end of a vessel having an inside diameter d
not exceeding 12 in. (300 mm) or for heads having an
integral flange screwed over the end of a vessel having
an inside diameter d not exceeding 12 in. (300 mm)
and when the design of the threaded joint against
failure by shear, tension, compression, or radial deforma-
tion, including flaring, resulting from pressure and differ-
ential thermal expansion, is based on stresses consistent
with this Subsection. If a tapered pipe thread is used, the
requirements of NCD-3361.2.2 shall also be met. Seal
welding may be used, if desired. This sketch is for
Class 3 vessels only.

(m) In sketch (r), € = 0.33 for circular plates having a
dimension d not exceeding 18 in. (450 mm) inserted into
the vessel as shown and otherwise meeting the require-
ments for the respective types of welded vessels. The end
of the vessel shall be crimped over at least 30 deg, but not
more than 45 deg. The crimping may be done cold only
when this operation will not injure the metal. The throat of
the weld shall be notless than the thickness of the flat head
or shell, whichever is greater. This sketch is for Class 3
vessels only.
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(n) In sketch (s), C = 0.33 for circular beveled plates
having a diameter d not exceeding 18 in. (450 mm),
inserted into a vessel, the end of which is crimped
over at least 30 deg but not more than 45 deg and
when the undercutting for seating leaves at least 80%
of the shell thickness. The beveling shall be not less
than 75% of the head thickness. The crimping shall be
done when the entire circumference of the cylinder is
uniformly heated to the proper forging temperature
for the material used. For this construction, the ratio
t;/d shall be not less than the ratio P/S nor less than
0.05. The maximum allowable pressure for this construc-
tion shall not exceed P = §/5d. This sketch is for Class 3
vessels only.

(o) In Figure NCD-4243.3-1, C = 0.33m but is not less
than 0.20 when the dimensional requirements of
NCD-3358.4 are met.

(p) In Figure NCD-4243.1-1, sketches (b), (c), (e), and
(f), € = 0.33m but is not less than 0.20 when the dimen-
sional requirements of NCD-3358.3 are met. These
sketches are for Class 2 vessels only.

(@) In Figure NCD-4243.1-2, sketches (a) and (b), C =
0.33m but is not less than 0.20 when the dimensional re-
quirements of NCD-3358.3 are met. These sketches are for
Class 2 vessels only.

NCD-3326 Spherically Dished Covers With Bolting
Flanges

NCD-3326.1 Nomenclature. The symbols used are
defined as follows:

outside diameter of flange

inside diameter of flange

bolt circle diameter

axial component of the membrane load in the
spherical segment, acting at the inside of the
flange ring

0.785B°P

radial distance from the bolt circle to the inside of
the flange ring

radial component;of the membrane load in the
spherical segment = Hp, cot 81, acting at the inter-
section of the inside of the flange ring with the
center liné/of the dished cover thickness
leverarm of H, about centroid of flange ring
inside spherical or crown radius

the total moment, determined as in XI-3230 for
heads concave to pressure, and XI-3260 for
heads convex to pressure; except that, for
heads of the type shown in Figure
NCD-3326.1-1 sketch (d), Hp and hp shall be as

oW
Il
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defined below, and an additional moment H, h,
shall be included

NOTE: Since H,h, in some cases will subtract from the
total moment, the moment in the flange ring when the
internal pressure is zero may be the determining
loading for the flange design.

Design Pressure

inside knuckle radius

maximum allowable stress value

flange thickness

minimum required thickness of head plate after
forming

angle formed by the tangent to the eenter line of
the dished cover thickness at its peint of intersec-
tion with the flange ring, and-aline perpendicular
to the axis of the dished ‘eoyer where

"
L +t

NCD-3326.2.Spherically Dished Heads With Bolting
Flanges. Circular spherically dished heads with bolting
flanges, both concave and convex to the pressure, and
conforming to the several types illustrated in
FigurenNCD-3326.1-1, shall be designed in accordance
with ‘the requirements of (a) through (d) below. For
heads convex to pressure, the spherical segments shall
be thickened, if necessary, to meet the requirements of
NCD-3133. The actual value of the total moment M,
may calculate to be either plus or minus for both the
heads concave to pressure and the heads convex to pres-
sure. However, for use in all of the equations that follow,
the absolute values for both P and M, shall be used.

(a) Heads of the Type Shown in Figure NCD-3326.1-1
Sketch (a). This sketch is for Class 3 only.

(1) Thethickness ofthe head tshall be determined by
the appropriate equation in NCD-3324.

(2) Theheadradius L or the knuckle radius rshall not
exceed the limitations given in NCD-3324.

(3) The flange shall comply at least with the require-
ments of Section III Appendices, Mandatory Appendix XI,
Figure XI-3120-1 and shall be designed in accordance with
the applicable provisions of Section III Appendices, Man-
datory Appendix XI. Within the range of ASME B16.5, the
flange facings and drillings should conform to those Stan-
dards and the thickness specified therein shall be consid-
ered as a minimum requirement.

(b) Heads of the Type Shown in Figure NCD-3326.1-1
Sketch (b). This sketch is for Class 3 only.

(1) Head thickness

"~ uns=s T

B

h

arg sin(

_ SPL
68
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Figure NCD-3326.1-1
Spherically Dished Covers With Bolting Flanges

Not less than 2t
and in no case t
less than 1/ in.
(13 mm)

Edge of weld t
shall not overlay
knuckle

Knuckle Knuckle
radius radius
Gasket ~ Gasket

Loose Flange Type
(a) For Class 3 Only

Integral Flange Type

%A >
f 210

. Preferably t
‘ 2t min.

!

1

gl VNG
Ring gasket \

shown
(b) For Class 3 Only

(2) Flange thickness T
(-a) For ring gasket

Sl

sBlA — B

(-b) For full-face gasket

B@ ¥ B)(C — B)
(4 - B)

'p
T = 06 |—
S

NOTE: The radial components of the membrane load in the sphe-
rical segment are\assumed to be resisted by its flange.

Withitfthe range of ASME B16.5, the flange facings
and drillings should conform to those Standards, and the
thickness specified therein shall be considered as a
minimum requirement.

(¢) Heads of the Type Shown in Figure NCD-3326.1-1
Sketch (c)
(1) Head thickness
= L ©)
6S

(2) Flange thickness for ring gaskets shall be calcu-
lated as follows:
(-a) for heads with round bolting holes

Use any suitable
type of gasket
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Preferably
2t min.

—
T*

J_ '
Ring gasket %B
shown %C
7*=T >t lc)
%A i
Y (A&B) ]
. Point of(H p
Full penetration weld } actiom 5
T
. \ " 1
T A b0 ‘
r ‘ o Hro\o
: h, Shown as welded
L : SQVoid smooth weld both
T sides

b ne —
%C

(d)

1.875M,(C + B)
SB(7C — SB)

PL{ C+ B
Q= E( 7C — 53)
(-b) for heads with bolting holes slotted through
the edge of the head

T=Q+ (10)

where

(1D

1.875M,(C + B)

SB(3C — B)

PL{ C+ B
Q= E( 3C — B)
(3) Flange thickness for full face gaskets shall be
calculated by the following equation:

T =Q + (12)
where

(13)

3BQ(C - B)
L

T:Q+\/Q2+ (14)

The value of Q in eq. (14) is calculated by
(2)(-a), eq. (11) for round bolting holes or by
(2)(-b), eq. (13) for bolting holes slotted through the
edge of the head [see (2) above].
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(4) The required flange thickness shall be T as calcu-
lated in (2) or (3) above, but in no case less than the value
of t calculated in (1) above.

(d) Heads of the Type Shown in Figure NCD-3326.1-1
Sketch (d)
(1) Head thickness

- SPL (15)
6S
(2) Flange thickness
T=F+ F* + ] (16)
where

po PBY4L® - B (17)

8S(A — B)
SEE) e

SB/\A - B

NOTE: These equations are approximate in that they do not take
into account continuity between the flange ring and the dished
head. A more exact method of analysis that takes this into
account may be used. Such a method may parallel the
method of analysis and allowable stresses for flange design
in Section III Appendices, Mandatory Appendix XI. The
dished portion of a cover designed under this rule may, if
welded, require evaluation of any welded joint.

NCD-3327 Quick Actuating Closures

Closures other than the multibolted type designedto
provide access to the contents space of a componént
shall have the locking mechanism or locking device so
designed that failure of any one locking elementor compo-
nent in the locking mechanism cannot resulf’in the failure
of all other locking elements and the release of the closure.
Quick actuating closures shall be so designed and installed
that it may be determined by visual external observation
that the holding elements are.in‘good condition and that
their locking elements, whenthe closure is in the closed
position, are in full engagement.

NCD-3327.1 Positive'Locking Devices. Quick actuating
closures that are-held in position by positive locking
devices and that’are fully released by partial rotation
or limiting-movement of the closure itself or the
locking mechanism and any closure that is other than
manually*operated shall be so designated that when
the(vessel is installed the conditions of (a) through (c)
below are met.

(a) The closure and its holding elements are fully
engaged in their intended operating position before pres-
sure can be built up in the vessel.
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(b) Pressure tending to force the closure clear of the
vessel will be released before the closure can be fully
opened for access.

(c) Inthe event that compliance with (a) and (b) is not
inherent in the design of the closure and its holding
elements, provision shall be made so that devices to
accomplish this can be added when the vessel is installed.

NCD-3327.2 Manual Operation. Quick actuating
closures that are held in position by a locking device
or mechanism that requires manual operation.and are
so designed that there will be leakage of the tontents
of the vessel prior to disengagement of‘thé locking
elements and release of closure need“not satisfy
NCD-3327.1, but such closures shall ‘heequipped with
an audible or visible warning device-that will serve to
warn the operator if pressure isZapplied to the vessel
before the closure and its holding elements are fully
engaged in their intended position and further will
serve to warn the opefator if an attempt is made to
operate the locking mechanism or device before the pres-
sure within the vessel'is released.

NCD-3327.3~Pressure Indicating Device. When
installed, ,all vessels having quick actuating closures
shall beprovided with a pressure indicating device
visible-from the operating area.

NCD-3328 Combination Units

When a vessel consists of more than one independent
chamber, operating at the same or different pressures and
temperatures, each such chamber shall be designed and
constructed to withstand the most severe condition of
coincident pressure and temperature expected in
normal service.

NCD-3329 Ligaments, Braced and Stayed
Surfaces, Staybolts

NCD-3329.1 Ligaments.

(a) The symbols used in the equations and chart of this
paragraph are defined as follows:

diameter of tube holes

number of tube holes in length p;
longitudinal pitch of tube holes
diagonal pitch of tube holes

unit length of ligament

ST w3 o

(b) When a cylindrical shell is drilled for tubes in a line
parallel to the axis of the shell for substantially the full
length of the shell as shown in Figures
NCD-3329.1(b)-1 through NCD-3329.1(b)-3, the effi-
ciency of the ligaments between the tube holes shall
be determined by (1) or (2) below:
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Figure NCD-3329.1(b)-1
Example of Tube Spacing With Pitch of Holes Equal in Every Row

5',in. 5", in. 5"/, in. 5%/ in. 5%, in. 5"/, in. 57/, in.

(133 [(133 [(133 |(133 |(133 |(133 (133
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GENERAL NOTE: 5'/, in. = 133 mm

Figure NCD-3329.1(b)-2
Example of Tube Spacing With Pitch of Holes Unequal in Every Second Row

5',in. 63,in. 5'/in. 63,in. 5Yin. 6%,in. 5'in:

(133 (171 (133 (171 (133 (171 (133
mm) mm) | mm) mm) | mm) mm)S mm)
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pqy=12in. (800 mm)
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