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

Items produced by parties not formally possessing an ASME Certificate may not be déscribed,
either explicitly or implicitly, as ASME certified or approved in any code forms or othef,document.
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Date of Issuance: July 1, 2023

This international code or standard was developed under procedures accredited as meeting the criteria for
American National Standards and it is an American National Standard. The standards committee that approved
the code or standard was balanced to ensure that individuals from competent and concerned interests had an op-
portunity to participate. The proposed code or standard was made available for public review and comment,
which provided an opportunity for additional public input from industry, academia, regulatory agencies, and
the public-at-large.

ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activityk
ASME does not take any position with respect to the validity of any patent rights asserted in connection-with
any items mentioned in this document, and does not undertake to insure anyone utilizing a standard against lia-
bility for infringement of any applicable letters patent, nor does ASME assume any such liability. Users ofa“code or
standard are expressly advised that determination of the validity of any such patent rights, and the-risk of infrin-
gement of such rights, is entirely their own responsibility.

Participation by federal agency representatives or persons affiliated with industry is not to\be interpreted as
government or industry endorsement of this code or standard.

ASME accepts responsibility for only those interpretations of this document issued in\accordance with the es-
tablished ASME procedures and policies, which precludes the issuance of interpretations by individuals.

The endnotes and preamble in this document (if any) are part of this American Wational Standard.
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Rules for Construction of Power Boilers

Materials

e Part A — Ferrous Material Specifications

¢ Part B — Nonferrous Material Specifications

e Part C — Specifications for Welding Rods, Electrodes, and Filler Metals
e Part D — Properties (Customary)

e Part D — Properties (Metric)

Rules for Construction of Nuclear Facility Components
¢ Subsection NCA — General Requirements for Division 1 and Division 2
¢ Appendices
e 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
« Division 3 — Containment Systems for Transportation and Sterage of Spent Nuclear Fuel and High-Level
Radioactive Material
¢ Division 4 — Fusion Energy Devices
 Division 5 — High Temperature Reactors

Rules for Construction of Heating Boilers

Nondestructive Examination

Recommended Rules for the Care and Operation of Heating Boilers

Recommended Guidelines for the €are of Power Boilers

Rules for Construction of Pressure Vessels

e Division 1

 Division 2 — Alternative Rules

 Division 3 — Alterhative Rules for Construction of High Pressure Vessels

Welding, Brazing, and Fusing Qualifications

Fiber-Reinforced Plastic Pressure Vessels

Rules/for Inservice Inspection of Nuclear Reactor Facility Components
¢’ Division 1 — Rules for Inspection and Testing of Components of Light-Water-Cooled Plants
e Division 2 — Requirements for Reliability and Integrity Management (RIM) Programs for Nuclear Reactor

Facilities

Rules for Construction and Continued Service of Transport Tanks

Rules for Overpressure Protection
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CORRESPONDENCE WITH THE COMMITTEE

General

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

NOTE: See ASME BPVC Section II, Part D for guidelines on requesting approval of new materials. See Section1l, Part C for guidelines on re-
questing approval of new welding and brazing materials (“consumables”).

Revisions and Errata

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

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

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

Cases

(a) The most common applications for cas€s‘are
(1) to permit early implementation of a revision based on an urgent need
(2) to provide alternative requirenients
(3) to allow users to gain experience with alternative or potential additional requirements prior to incorporation
directly into the Code
(4) to permit use of a new material or process
(b) Users are cautioned that not all jurisdictions or owners automatically accept cases. Cases are not to be considered
as approving, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom of manufacturers, constructors, or owners to choose any method of design or any form of construction that
conforms to the Code.
(c) The committee will consider proposed cases concerning the following topics only:
(1) equipment to be marked with the ASME Single Certification Mark, or
(2)equipment to be constructed as a repair/replacement activity under the requirements of Section XI
(d)yAproposed case shall be written as a question and reply in the same format as existing cases. The proposal shall
alsoinclude 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 Pﬁmpnnnnfc ” Each Code Cases book is npr]afnr‘ with seven anp]a
5 r

(23)

ments. Supplements will be sent or made available automatically to the purchasers of the Code Cases books until the
next edition of the Code. Annulments of Code Cases become effective six months after the first announcement of the
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annulment in a Code Case Supplement or Edition of the appropriate Code Case book. The status of any case is available at
http://go.asme.org/BPVCCDatabase. An index of the complete list of Boiler and Pressure Vessel Code Cases and Nuclear

Code Cases is available at http://go.asme.org/BPVCC.

Interpretations

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

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

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

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

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

Committee Meetings

The ASME BPVC committees regularly hold meetings that are open te the’public. Persons wishing to attend any meet-
ing should contact the secretary of the applicable committee. Information on future committee meetings can be found at
http://go.asme.org/BCW.

vi
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SUMMARY OF CHANGES

The 2023 Edition of the Code Cases includes Code Case actions published through Supplement 7 to the 2021 Edition.

Changes listed below are identified on the pages by a margin note, (23), placed next to the affected area. Errata, if ahy,
are identified by a margin note, (E), placed next to the affected area.

Page

iv

ix

xi
xvii

xxiii

Xxvii

xlvii

1 (N-504-4)
1 (N-532-6)
1 (N-666-3)
1 (N-778-1)
1 (N-801-4)
1 (N-830-1)
1 (N-888-1)
1 (N-892-1)
1.(N2898-1)
1" (N-909-1)
1 (N-924)

Location

List of Sections

Correspondence With the
Committee

Cross-Referencing in the
ASME BPVC

Notes to Numeric Index
Numeric Index
Subject Index

Index of Material
Specifications Referred
to in Cases

Applicability Index for
Section XI Cases

Guideline for
Cross-Referencing
Section XI Cases

N-504-4
N-532-6
N-666-3
N-778-1
N-801-4
N-830-1
N-888-1
N-892-1
N-898-1
N-909-1
N-924

Change

(1) Under Section III, Division 4 added

(2) Title of Section XI and subtitle of Section XI,(Division 2 revised

(3) Information on interpretations and €ode cases moved to
“Correspondence With the Committee”™

Added

Updated

Updated
Updated
Updated
Updated

Updated

(1) In Table 1, first column heading revised from “E17” to “E17-E21”
(2) In Table 1, General Notes (a), (d), and (f) revised

Annulled

Revised

Revised

Revised

Revised

In eq. (5c), “= AJ;¢c(usy” inserted at end of equation by errata
Revised

Revised

Revised

Revised

(1) In 1-8, six instances of “¢;” corrected to “¢,” by errata

“w.n

(2) In 1-8, two instances of “¢” corrected to “¢€),” by errata

vii
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Page Location Change
T(N-928] N-928 Added
1 (N-929) N-929 Added
1 (N-930) N-930 Added
1(N-931) N-931 Added

viii
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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 guide-to
the designation and cross-referencing of subparagraph breakdowns:

(a) Hierarchy of Subparagraph Breakdowns

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

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

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

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

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

(3) If X.1(c)(1)(-a) is referenced in X.1(e)(1), it will be referenced as-(c)(1)(-a).
(4) If X.1(c)(1)(-a) is referenced in X.2(c)(2), it will be referenced as X.1(c)(1)(-a).
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NOTES TO NUMERIC INDEX

All Code Cases remain available for use until annulled by the ASME Boiler and Pressure Vessel Standards Commit-
tees. Code Cases will be reviewed routinely for possible incorporation into the body of the ASME Boiler and Pres-
sure Vessel Code.

Supplement 7 is the last supplement published for the 2021 edition. Supplement 8 is incorporated into the 2023
edition.

Cases may be used beginning with the date of approval shown on the Case.

Annulled Cases will remain in the Numeric Index and Subject Index until the next Edition, at which time they will’be
deleted.

Newly revised cases supersede previous versions. Previous code case number will be added in the "Annulled Date/
Supersedes" column next to the newly revised code case.

The digit following a Case Number is used to indicate the number of times a Case has been revjsed:

The Cases are arranged in numerical order, and each page of a Case is identified at the top with the‘appropriate Case
Number.

Legend of Abbreviations
Supp. = Supplement
R = Reinstated
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NUMERIC INDEX

Impending Annulment

Annulled Date/

(23)

Case Approval Date Errata Date Supersedes
2996-1 7-15-2020
N-4-13 2-12-2008
N-60-6 12-6-2011
N-62-7 5-11-1994
N-71-21 1-11-2021
N-131-1 12-11-1981
N-133-3 7-18-1985
N-154-1 12-5-1985
N-155-3 2-11-2016
N-205 7-13-1981
N-213-1 2-11-2016
3-6-1978(ACI)
N-249-17 4-10-2018
N-258-2 7-30-1986
3-17-1978(ACI)
N-284-4 10-8-2012
N-290-3 10-6-2019
N-312 5-25-1983
9-26-1983(ACI)
N-315 2-14-1983
N-319-3 1-17-2000
N-351-1 10-13-2021
N-369 2-14-1983
N-373-3 10-8-2004
N-405-1 7-24-1989
N-432-1 3-28-2001
N-452 3-8-1989
N-453-3 12-12-1995
N-454-1 4-30-1992
N-455-1 4-30-1992
N-460 7-27-1988
N-469-1 6-14-2000
N-494-4 1-12-2005
N-500-4 10-14-2014
N-504-4 7-14-2006 7-1-2023
N-505 7-27-1992
N-508-5 7462022
N-511 2-12-1993
N-513-6 10-28-2021
N-516-5 4-25-2016
N-517-1 7-30-1998
N-519-1 R1-16-2019
N-520-6 12-11-2012
N-525 12-9-1993
N-526 8-9-1996
N:528-1 5-7-1999
N-530 12-12-1994
N-532-6 10-14-2022 N-532-5
N-537 3-14-1995
N-539-1 8-16-2016
N-548 3-19-1996
N-552-1 6-22-2012
N-560-2 3-28-2000
N-561-4 10-9-2020
N-562-4 10-9-2020
N=-00%-4 1=17-2U0U0U
N-565 12-31-1996
N-566-2 3-28-2001

xi
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Impending Annulment

Annulled Date/

Case Approval Date Errata Date Supersedes
N-570-3 1-11-2021
N-575 8-14-1997
N-576-2 3-16-2012
N-577-1 3-28-2000
N-578-1 3-28-2000
N-579 8-14-1997
N-580-2 1-4-2008
N-586-1 5-4-2004
N-589-1 7-23-2002
N-593-2 11-8-2011
N-594-1 10-14-2011
N-597-5 10-9-2020
N-600 9-18-2001
N-606-2 6-21-2013
N-609-1 9-17-2010
N-610 7-30-1998
N-613-2 12-20-2010
N-619 2-15-1999
N-620 2-26-1999
N-621-1 10-8-2004
N-624 5-7-1999
N-625-1 3-28-2001
N-631 9-24-1999
N-632 12-3-1999
N-633 6-14-2002
6-14-2002(ACI)
N-635-1 2-14-2003
N-636 9-24-1999
N-637-2 1-12-2022
N-638-11 8-2-2019
N-639-1 9-13-2021
N-641 1-17-2000
N-642 3-28-2000
N-643-2 5-4-2004
N-644-1 2-14-2003
N-648-2 9-4-2014
N-649 3-28-2001
N-650 3-28-2001
N-651 8-14-2001
N-652-2 9-3-2010
N-653-2 6-23-2015
N-654 417-2002
N-655-2 9:27-2010
N-658 4-4-2002
N-659-3 10-12-2017
N-660 7-23-2002
N-661-5 10-9-2020
N-662-1 6-25-2011
N-663-1 9-28-2021
N-664 8-20-2002
N-665 2-28-2003
N-666-3 1-10-2023 N-666-2
N-673 8-7-2003
N-683 2-14-2003
N-685 5-9-2003
N-686-1 1-10-2007
N-691-1 4-17-2020
N-692-1 5-9-2016
N.694.2 1.16-2013
N-695-1 12-31-2014
N-696-1 5-7-2014

Xii
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Impending Annulment

Annulled Date/

Case Approval Date Errata Date Supersedes
N-698 11-18-2003
N-699 1-5-2006
N-702-1 4-18-2019
N-703 5-4-2004
N-705-1 6-30-2017
N-706-1 1-10-2007
N-707-2 1-11-2021
N-708 9-21-2007
N-710 5-5-2004
N-711-2 5-13-2020
N-712 5-12-2004
N-716-3 1-21-2020
N-721-1 10-20-2016
N-722-2 9-8-2011
N-725 1-12-2005
N-727 2-24-2006
N-729-10 7-27-2022
N-730-1 7-16-2012
N-731 2-22-2005
N-733-1 4-17-2020
N-735 10-12-2006
N-736 1-5-2006
N-738 7-1-2005
N-739-1 1-21-2007
N-740-2 11-10-2008
N-741 10-11-2005
N-746 1-5-2006
N-747 1-13-2006
N-748 9-9-2008
N-749 3-16-2012
N-751 8-3-2006
N-752-1 4-12-2021
N-753 7-14-2006
N-754-2 10-9-2020
N-756 1-21-2007
N-757-1 9-21-2007
N-759-2 1-4-2008
N-760-2 10-10-2008
N-761 9-20-2010
N-762-1 10=21-2013
N-763 8+28-2008
3-19-2010(ACI)
N-765 1-26-2009
N-766-4 10-9-2020
N-767 1-4-2008
N-768 10-16-2018
N-769-2 7-16-2012
N-770-7 12-4-2020
N-771 9-8-2011
N-773 1-26-2009
N-774 9-3-2008
N-775 6-24-2010
N-776 4-9-2010
N-777 10-10-2008
N-778-1 10-14-2022 N-778
N-779 1-26-2009
N-780-1 4-12-2021
N-782 1-30-2009
N_-784 4-9.2010
N-785 10-12-2009
N-786-4 10-9-2020
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Impending Annulment

Annulled Date/

Case Approval Date Errata Date Supersedes
N-788-1 3-6-2017
N-789-5 6-15-2021
N-791 9-20-2010
10-23-2010(ACI)
N-792-1 8-12-2012
N-793 9-20-2010
10-23-2010(ACI)
N-794 9-20-2010
10-23-2010(ACI)
N-795 9-17-2010
N-796 10-18-2010
10-23-2010(ACI)
N-798 12-20-2010
N-799 12-20-2010
N-800 12-20-2010
N-801-4 1-4-2023 N=801-3
N-803 2-25-2011
N-804 10-14-2011
N-805 2-25-2011
N-806-1 12-15-2015
N-807 4-20-2011
9-6-2011(ACI)
N-809-1 10-9-2020
N-811 8-5-2011
9-6-2011(ACI)
N-812-1 1-10-2013
N-813-1 12-4-2020
N-815 12-6-2011
N-816 12-6-2011
N-817 12-6-2011
N-818-1 8-20-2014
N-819 12-6-2011
N-820 12-29-2011
1-25-2012(ACI)
N-822-4 8-2-2016
N-823-1 1-23-2014
N-824 10-16-2012
N-825 10-2-2013
N-826 7-16-2012
N-829 12-28-2012
N-830-1 9-13-2021 2023
N-831-1 7£25-2018
N-833 142-2013
1-23-2013(ACI)
N-834 10-22-2013
N-836 10-22-2013
N-837 10-22-2013
N-838 8-3-2015
N-839 9-4-2014
N-840 1-23-2014
N-841 1-6-2014
N-842 1-28-2014
N-843 1-23-2014
N-844 2-9-2014
N-845-1 4-25-2016
N-846 7-25-2014
N-847-1 10-9-2020
N-848-1 11-7-2016
N_849 9.4.2014
N-850 10-20-2014

8-1-2014(ACI)
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Impending Annulment Annulled Date/

Case Approval Date Errata Date Supersedes
N-851 11-5-2014

N-852 2-9-2015

N-853-1 11-20-2020

N-854 4-15-2015

N-855 7-8-2015

N-856 7-16-2015

N-858 6-28-2017

N-859 1-20-2016

N-860 7-6-2020

N-861-2 7-20-2022

N-862-2 7-20-2022

N-863-1 2-16-2017

N-864 7-28-2017

N-865-2 10-9-2020

N-866 11-14-2016

N-867 11-7-2016

N-868 10-20-2016

N-869 7-5-2018

N-870-1 11-2-2017

N-871-1 10-9-2020

N-872 10-20-2016

N-873 5-10-2017

N-874 8-1-2018

N-875 5-11-2017

N-876 6-12-2017

N-877-1 2-10-2020

N-878 4-18-2017

N-879 5-10-2017

N-880-1 11-20-2020

N-881 12-4-2017

N-882-1 10-9-2020

N-883 1-29-2018

N-884 10-23-2018

N-885-1 9-13-2021

N-886 5-2-2018

N-887 5-2-2018
N-888-1 10-13-2022 N-888
N-889 7-12-2018

N-890 10-1642018

N-891 12=17-2018
N-892-1 10-14-2022 N-892
N-893 12-21-2019

N-896 8-2-2019

N-897 12-30-2020
N-898-1 11-29-2022 N-898
N-899 7-23-2019

N-900 7-29-2019

N-901 12-21-2019

N-902 2-20-2020

N-903 4-28-2020

N-904 5-27-2020
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Treatment Class 1, 2, and 3 Construction ................. N-594 Use of Code Editions, Addenda, and Cases .................. N-782
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This Index provides the range of Section XI Editions and Addenda applicable to each Section XI Case.
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N-34 Inservice Inspection of Welds on Nuclear Components 1970 Edition 1971 Edition with the Stummer
1973 Addenda
N-72 Partial Postponement of Category B-C Examinations for Class 1 1974 Edition 1977 Edition withsthe Winter
Components 1977 Addenda
N-73 Partial Postponement of Category B-D Examinations for Class 1 1974 Edition 1977 Editienswith the Winter
Components 1977 Addenda
N-98 Ultrasonic Examination — Calibration Block
Tolerances [Note (1)]:
(a) For Division 1 1974 Edition 1977 Edition with the Summer
1978 Addenda
(b) For Division 2 1974 Edition with the'Winter Not applicable
1975 Addenda
N-112 Acceptance Standards Class 2 and 3 Components 1974 Edition 1974 Edition with the Winter
1975 Addenda
N-113 Basic Calibration Block for Ultrasonic Examination of Welds 1971 Edition with the 1974 Edition with the Summer
10 in. to 13 in. Thick Sumiper 1973 Addenda 1976 Addenda
N-113-1 Basic Calibration Block for Ultrasonic Examination of Welds 1971 Edition with the 2001 Edition
10 in. to 14 in. Thick Summer 1973 Addenda
N-118 Examination — Acceptance Standards for Surface Indications in"31974 Edition with the 1974 Edition with the Winter
Cladding Summer 1974 Addenda 1975 Addenda
N-166 Reference by Section XI to N626.1-1975 for Qualification and 1974 Edition 1977 Edition
Duties of Authorized Nuclear Inservice Inspection
N-167 Minimum Section Thickness Requirements for Repair/of 1974 Edition 1977 Edition with the Winter
Nozzles 1977 Addenda
N-198 Exemption From Examination for ASME Clas$\2-Piping Located 1974 Edition with the 1977 Edition with the Winter
at Containment Penetrations Summer 1976 Addenda 1977 Addenda
N-198-1 Exemption From Examination for ASME<lass 1 and 2 Piping 1974 Edition with the 1992 Edition with the 1993
Located at Containment Penetrations Summer 1976 Addenda Addenda
N-209 Conditional Acceptance of Identifiable Isolated or Random
Rounded Indications
(a) For Class 1 Systems 1974 Edition 1980 Edition with the Winter
1980 Addenda
(b) For Class 2 Systems 1974 Edition with the 1983 Edition
Summer 1976 Addenda
N-210 Exemptions to Hydrostatic Test After Repairs 1974 Edition 1977 Edition with the Winter
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N-211 Recalibration of Ultrasonic Equipment Upon Change of
Perspnnel
(@) To meet requirements of 1-4230 1971 Edition with the 1974 Edition with the Summer
Summer 1973 Addenda 1976 Addenda
(b) To meet requirements of I11-3330 1977 Edition 1980 Edition
N-216 Alternative Rules for Reactor Vessel Closure Stud Examination 1977 Edition 1977 Edition with the Winter
1977 Addenda
N:234 Time Between Ultrasonic Calibration Checks
(a) To meet requirements of 1-4230 1971 Edition with the 1974 Edition with the Summer
Summer 1973 Addenda 1976 Addenda
(b) To meet requirements of I11-3330 1977 Edition 1980 Edition
N-235 Ultrasonic Calibration Checks per Section V 1974 Edition with the Winter 1977 Edition with the Summer
1976 Addenda 1979 Addenda
N-236 Repair and Replacement of Class MC Vessels 1974 Edition 1983 Edition with the Winter

(23)
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N-236-1 Repair and Replacement of Class MC Vessels 1974 Edition 1989 Edition with the 1990
Addenda
N-252 Low Energy Capacitive Discharge Welding Method for 1971 Edition 1980 Edition with the Winter
Temporary or Permanent Attachments to Components and 1980 Addenda
Supports
N-278 Alternative Ultrasonic Calibration Block Configuration, I-3131
and T-434.3
(a) To meet requirements of [-3131 1974 Edition 1974 Edition with the Summer
1976 Addenda
(b) To meet requirements of T-434.3 1977 Edition 1983 Edition with the Winter
1984 Addenda
N-288 Hydrostatic Test Requirements for Class 1 and 2 Components 1974 Edition 1980 Edition with the Winter
1980 Addenda
N-306 Calibration Block Material Selection, Appendix I, 1-3121 1974 Edition with the 1974 Edition with th'e, Summer
[Note (2)] Summer 1975 Addenda 1976 Addenda
N-307 Revised Ultrasonic Examination Volume for Class 1 Bolting, 1974 Edition 1983 Edition'with the Winter
Examination Category B-G-1, When the Examinations Are 1984 Addénda
Conducted From the Center- Drilled Hole
N-307-1 Revised Ultrasonic Examination Volume for Class 1 Bolting, 1974 Edition 1998\Edition with the 1999
Table IWB-2500-1, Examination Category B-G-1, When the Addenda
Examinations Are Conducted From the Center-Drilled Hole
N-307-2 Revised Ultrasonic Examination Volume for Class 1 Bolting, 1974 Edition 1998 Edition with the 1999
Table IWB-2500-1, Examination Category B-G-1, When the Addenda
Examinations Are Conducted From the End of the Bolt or Stud
or From the Center- Drilled Hole
N-307-3 Ultrasonic Examination of Class 1 Bolting, Table IWB-2500-1, 1974 Edition 1998 Edition with the 1999
Examination Category B-G-1 Addenda
N-308 Documentation of Repairs and Replacements of Components in 1974 Edition 1980 Edition with the Winter
Nuclear Power Plants 1981 Addenda
N-311 Alternative Examination of Outlet Nozzle on Secondary Side of 1977 Edition with the Winter 2004 Edition
Steam Generators 1977 Addenda
N-322 Examination Requirements for Integrally Welded or Forged 1977 Edition with the 1992 Edition with the 1993
Attachments to Class 1 Piping at Containment Penetrations Summer 1978 Addenda Addenda
N-323 Alternative Examinations for Integrally Welded Attachments to 1974 Edition 1974 Edition with the Winter
Vessels 1976 Addenda
N-323-1 Alternative Examination for Welded Attachments\to Pressure 1980 Edition with the Winter 1995 Edition with the 1996
Vessels 1981 Addenda Addenda
N-334 Examination Requirements for Integrally ‘Welded or Forged 1977 Edition with the 1980 Edition with the Summer
Attachments to Class 2 Piping at Coritainment Penetrations Summer 1978 Addenda 1980 Addenda
N-335 Rules for Ultrasonic Examination of\Similar and Dissimilar 1974 Edition 1980 Edition with the Winter
Metal Piping Welds 1981 Addenda
N-335-1 Rules for Ultrasonic Examination of Similar and Dissimilar 1974 Edition 1980 Edition with the Winter
Metal Piping Welds 1981 Addenda
N-343 Alternative Scope of Exandination of Attachment Welds for 1974 Edition 1980 Edition with the Winter
Examination Categories B-H, B-K-1, and C-C 1981 Addenda
N-355 Calibration Block for Angle Beam Ultrasonic Examination of 1974 Edition with the Winter 1983 Edition
Large Fittings.in Accordance With Appendix I1I-3410 1975 Addenda
[Note (3)]
N-356 Certification Period for Level III NDE Personnel 1977 Edition with the Winter 1983 Edition
1977 Addenda
N-375 Rules for Ultrasonic Examination of Bolts and Studs 1980 Edition 1980 Edition with the Winter
1981 Addenda
N-375-1 Rules for Ultrasonic Examination of Bolts and Studs 1980 Edition 1980 Edition with the Winter
1981 Addenda
N-375-2 Rules for Ultrasonic Examination of Bolts and Studs 1971 Edition 1983 Edition
N-389 Alternative Rules for Repairs, Replacements, or Modifications 1974 Edition with the 1986 Edition with the 1987
Summer 1975 Addenda Addenda
N-389-1 Alternative Rules for Repairs, Replacements, or Modifications 1974 Edition with the 1992 Edition with the 1993
Summer 1975 Addenda Addenda
N-390 Evaluation Criteria for Flaws Located in a Flange or Shell Region 1974 Edition with the 1983 Edition with the Summer

Near a Structural Discontinuity

Summer 1975 Addenda

xxviii
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N-401 Eddy Current Examination 1974 Edition with the 1989 Edition with the 1989
Summer 1976 Addenda Addenda
N-401-1 Eddy Current Examination 1974 Edition with the 1989 Edition with the 1989
Summer 1974 Addenda Addenda
N-402 Eddy Current Calibration Standard Material 1980 Edition with the Winter 1989 Edition with the 1989
1980 Addenda Addenda
N-402-1 Eddy Current Calibration Standards 1980 Edition with the Winter 1989 Edition with the 1989
1980 Addenda Addenda
N-406 Alternative Rules for Replacement 1977 Edition with the 1986 Edition
Summer 1978 Addenda
N-408 Alternative Rules for Examination of Class 2 Piping 1974 Edition 1983 Edition
N-408-1  Alternative Rules for Examination of Class 2 Piping 1974 Edition 1983 Edition
N-408-2  Alternative Rules for Examination of Class 2 Piping 1974 Edition 1989 Edition
N-408-3 Alternative Rules for Examination of Class 2 Piping 1974 Edition 1989 Edition
N-409 Procedure and Personnel Qualification for Ultrasonic Detection 1974 Edition 1986 Edjtion\with the 1986
and Sizing of Intergranular Stress Corrosion Cracking in Addenda
Austenitic Piping Welds
N-409-1 Procedure and Personnel Qualification Requirements for 1974 Edition 1986 Edition with the 1987
Ultrasonic Detection and Sizing of Intergranular Stress Addenda
Corrosion Cracking in Austenitic Piping Welds
N-409-2 Procedure and Personnel Qualification Requirements for 1974 Edition 1989 Edition
Ultrasonic Detection and Sizing of Intergranular Stress
Corrosion Cracking in Austenitic Piping Welds
N-409-3 Procedure and Personnel Qualification Requirements for 1974 Editiop 1989 Edition
Ultrasonic Detection and Sizing of Intergranular Stress
Corrosion Cracking in Austenitic Piping Welds
N-415 Alternative Rules for Testing Pressure Relief Devices 1974:\Edition 1983 Edition with the Winter
1984 Addenda
N-416 Alternative Rules for Hydrostatic Testing of Repair or 1974 Edition 1989 Edition with the 1990
Replacement of Class 2 Piping Addenda
N-416-1  Alternative Pressure Test Requirement for Welded Repairs or 1974 Edition 1998 Edition
Installation of Replacement Items by Welding Class.132, and 3
N-416-2  Alternative Pressure Test Requirement for Welded Repairs, 1977 Edition with the 1998 Edition
Fabrication Welds for Replacement Parts and Piping Summer 1978 Addenda
Subassemblies, or Installation of Replacement'Items by
Welding, Class 1, 2, and 3
N-416-3 Alternative Pressure Test Requirement for Welded or Brazed 1977 Edition with the 1998 Edition
Repairs, Fabrication Welds or Brazed Joints for Replacement ~ Summer 1978 Addenda
Parts and Piping Subassemblie§;<or Installation of
Replacement Items by Weldidg or Brazing, Classes 1, 2, and 3
N-416-4 Alternative Pressure Test Requirement for Welded or Brazed 1977 Edition with the 2001 Edition with the 2002
Repairs, FabricationsWelds or Brazed Joints for Replacement ~ Summer 1978 Addenda Addenda
Parts and Piping‘Subassemblies, or Installation of
Replacement.Jtems by Welding or Brazing, Classes 1, 2, and 3
N-419 Extent of VT4l Examinations, Category B-G-1 of Table IWB- 1977 Edition with the 1983 Edition with the Winter
2500-1 Summer 1978 Addenda 1984 Addenda
N-424 Qualification of Visual Examination Personnel 1977 Edition with the 1983 Edition
Summer 1978 Addenda
N-426 Extent of VT-1 Examinations, Category B-G-2 of Table 1977 Edition with the 1983 Edition with the Winter
IWB-2500-1 Summer 1978 Addenda 1984 Addenda
N-427, Code Cases in Inspection Plans 1971 Edition 1986 Edition
N-429 Alternate Rules for Ultrasonic Instrument Calibration 1980 Edition with the Winter 1983 Edition with the Winter
1980 Addenda 1983 Addenda
N-429-1 Alternative Rules for Ultrasonic Instrument Calibration 1980 Edition with the Winter 1986 Edition with the 1986
1980 Addenda Addenda
N-432 Repair Welding Using Automatic or Machine Gas Tungsten-Arc 1971 Edition with the 1989 Edition with the 1990
Welding (GTAW) Temper Bead Technique Summer 1973 Addenda Addenda
N-432-1 Repair Welding Using Automatic or Machine Gas Tungsten-Arc 1971 Edition with the 2021 Edition
Welding (GTAW) Temper Bead Technique Summer 1973 Addenda
N-435 Alternative Examination Requirements for Vessels With Wall =~ 1974 Edition with the 1986 Edition

Thickness 2 in. or Less

Summer 1975 Addenda

XXixX
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N-435-1

N-436

N-436-1

N-437

N-444

N-445

N-446

N-448

N-449

N-457

N-458

N-458-1

N-460
N-461

N-461-1

N-463

N-463-1

N-465

N-465-1

N-471

N-472

N-473

N-473-1

N-478

N-479

N-479-1

N-480

N-481

N-485

N-485-1

N-486

Alternative Examination Requirements for Vessels With Wall
Thickness 2 in. or Less

Alternative Methods for Evaluation of Flaws in Austenitic Piping

Alternative Methods for Evaluation of Flaws in Austenitic Piping

Use of Digital Readout and Digital Measurement Devices for
Performing Pressure Tests

Preparation of Inspection Plans

Use of Later Edition of SNT-TC-1A for Qualification of
Nondestructive Examination Personnel
Recertification of Visual Examination Personnel

Qualification of VT-2 and VT-3 Visual Examination Personnel
Qualification of VT-4 Visual Examination Personnel

Qualification Specimen Notch Location for Ultrasonic
Examination of Bolts and Studs
Magnetic Particle Examination of Coated Materials

Magnetic Particle Examination of Coated Materials

Alternative Examination Coverage for Class 1 and Class 2 Welds
Alternative Rules for Piping Calibration Block Thickness

Alternative Rules for Piping Calibration Block Thickness

Evaluation Procedures and Acceptance Criteria for Flaws in
Class 1 Ferritic Piping That Exceed the Acceptance Standards
of IWB-3514.2

Evaluation Procedures and Acceptance Criteria for Flaws in
Class 1 Ferritic Piping That Exceed the Acceptance Standards
of IWB-3514.2

Alternative Rules for Pump Testing

Alternative Rules for Pump Testing
Acoustic Emissions for Successive Inspections

Use of Digital Readout and Digital: Médsurement Devices for
Performing Pump Vibration Tésting
Alternate Rules for Valve Testing

Alternative Rules for.Valve Testing

Inservice Inspection for Class CC Concrete Components of
Light-Water\Cooled Power Plants
Boiling Water*Reactor (BWR) Main Steam Hydrostatic Test

Boiling, Water Reactor (BWR) Main Steam Hydrostatic Test

Examination Requirements for Pipe Wall Thinning Due to Single
Phase Erosion and Corrosion

Alternative Examination Requirements for Cast Austenitic
Pump Casings

Eddy Current Examination of Coated Ferritic Surfaces as an
Alternative to Surface Examination

Eddy Current Examination of Coated Ferritic Surfaces as an
Alternative to Surface Examination

Inservice Inspection, Repair, and Replacement Requirements

1974 Edition with the
Summer 1975 Addenda

1983 Edition

1983 Edition

1974 Edition

1974 Edition with the
Summer 1975 Addenda

1977 Edition with the
Summer 1978 Addenda

1977 Edition with the
Summer 1978 Addenda

1977 Edition with the
Summer 1978 Addenda

1977 Edition with the
Summer 1978 Addenda

1983 Edition with the Winter
1983 Addenda

1980 Edition with the Winter
1981 Addenda

1980 Edition with the Winter
1981 Addenda

1974 Edition

1974 Edition with/the
Summer 1975)Addenda

1974 Edition with the
Summen1975 Addenda

1983 Edition with the Winter
1983-Addenda

1983 Edition with the Winter
1983 Addenda

1974 Edition with the Winter
1975 Addenda

1974 Edition with the 1975
Addenda

1974 Edition

1974 Edition

1974 Edition with the
Summer 1975 Addenda
1974 Edition with the 1975
Addenda
1974 Edition

1977 Edition with the Winter
1977 Addenda

1977 Edition with the Winter
1977 Addenda

1974 Edition

1977 Edition with the
Summer 1978 Addenda

1980 Edition with the Winter
1981 Addenda

1980 Edition with the Winter
1981 Addenda

1974 Edition

1995 Edition

1986 Edition
1986 Edition
1986 Edition

1986 Edition with the 1986
Addenda
1986 Edition

1986 Edition

1986 Edition with the 1987
Addenda

1983 Edition with\the Winter
1983 Addenda

1992 Editiod with the 1993
Addenda

1995\Edition

1995 Edition

2007 Edition
1995 Edition

1995 Edition

1989 Edition with the 1989
Addenda

1989 Edition with the 1989
Addenda

1986 Edition with the 1987
Addenda

1995 Edition with the 1995
Addenda

1998 Edition with the 1999
Addenda

1986 Edition with the 1987
Addenda

1986 Edition with the 1987
Addenda

1995 Edition with the 1995
Addenda

1986 Edition with the 1987
Addenda

1989 Edition with the 1989
Addenda

1989 Edition with the 1990
Addenda

1992 Edition with the 1993
Addenda

1998 Edition with the 1999
Addenda

1989 Edition with the 1990
Addenda

1995 Edition

1989 Edition

for Class MC and Metallic Liners of Class CC Components

XXX
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N-489 Alternative Rules for Level III NDE Qualification Examinations 1974 Edition with the 1989 Edition with the 1989
Summer 1975 Addenda Addenda
N-490 Alternative Vision Test Requirements for Nondestructive 1974 Edition with the 1989 Edition with the 1990
Examiners Summer 1975 Addenda Addenda
N-490-1 Alternative Vision Test Requirements for Nondestructive 1974 Edition with the 1989 Edition with the 1990
Examiners Summer 1975 Addenda Addenda
N-491 Alternative Rules for Examination of Class 1, 2, 3, and MC 1977 Edition with the 1989 Edition with the 1989
Component Supports of Light-Water Cooled Power Plants Summer 1978 Addenda Addenda
N-491-1 Alternative Rules for Examination of Class 1, 2, 3, and MC 1977 Edition with the 1989 Edition with the 1989,
Component Supports of Light-Water Cooled Power Plants Summer 1978 Addenda Addenda
N-491-2 Alternative Rules for Examination of Class 1, 2, 3, and MC 1977 Edition with the 1995 Edition with the 1996
Component Supports of Light-Water Cooled Power Plants Summer 1978 Addenda Addenda
N-494 Pipe Specific Evaluation Procedures and Acceptance Criteria for 1974 Edition with the Winter 1995 Edition
Flaws in Class 1 Ferritic Piping that Exceed the Acceptance 1975 Addenda
Standards of IWB-3514.2
N-494-1 Pipe Specific Evaluation Procedures and Acceptance Criteria for 1974 Edition with the Winter 1995 Edition
Flaws in Class 1 Ferritic Piping that Exceed the Acceptance 1975 Addenda
Standards of IWB-3514.2
N-494-2 Pipe Specific Evaluation Procedures and Acceptance Criteria for 1974 Edition with the Winter \1995 Edition
Flaws in Class 1 Ferritic Piping that Exceed the Acceptance 1975 Addenda
Standards of IWB-3514.2
N-494-3 Pipe Specific Evaluation Procedures and Acceptance Criteria for 1974 Edition with.the'Winter 1995 Edition
Flaws in Class 1 Ferritic Piping that Exceed the Acceptance 1975 Addenda
Standards of IWB-3514.2 and in Class 1 Austenitic Piping that
Exceed the Acceptance Standards of IWB-3514.3
N-494-4 Pipe Specific Evaluation Procedures and Acceptance Criteria for 1983 Edition 2001 Edition
Flaws in Piping that Exceed the Acceptance Standards
N-495 Hydrostatic Testing of Relief Valves 1977 Edition 1989 Edition with the 1990
Addenda
N-496 Helical-Coil Threaded Inserts 1977 Edition with the 1989 Edition with the 1990
Summer 1978 Addenda Addenda
N-496-1 Helical-Coil Threaded Inserts 1977 Edition with the 1995 Edition
Summer 1978 Addenda
N-496-2 Helical-Coil Threaded Inserts 1977 Edition with the 1998 Edition
Summer 1978 Addenda
N-498 Alternative Rules for 10-Year Hydrostatic PreSsure Testing for 1974 Edition with the 1992 Edition with the 1992
Class 1 and 2 Systems Summer 1975 Addenda Addenda
N-498-1 Alternative Rules for 10-Year System\Hydrostatic Testing for =~ 1974 Edition with the 1998 Edition with the 2000
Class 1, 2, and 3 Systems Summer 1975 Addenda Addenda
N-498-2  Alternative Requirements for, 10*Year System Hydrostatic 1974 Edition with the 1998 Edition with the 2000
Testing for Class 1, 2 and*3 Systems Summer 1975 Addenda Addenda
N-498-3  Alternative Requirements for 10-Year System Hydrostatic 1974 Edition with the 1998 Edition with the 2000
Testing for Class\1,.2 and 3 Systems Summer 1975 Addenda
N-498-4 Alternative Requirements for 10-Year System Hydrostatic 1974 Edition with the 1998 Edition with the 2000
Testing for{ Class 1, 2 and 3 Systems Summer 1975 Addenda
N-503 Limited Certification of Nondestructive Examination Personnel 1977 Edition with the 1992 Edition
Summer 1978 Addenda
N-504 Altérnative Rules for Repair of Class 1, 2, and 3 Austenitic 1977 Edition with the 1986 Edition with the 1987
Stainless Steel Piping Summer 1978 Addenda Addenda
N-504-1 Alternative Rules for Repair of Class 1, 2, and 3 Austenitic 1977 Edition with the 1995 Edition
Stainless Steel Piping Summer 1978 Addenda
N-50%4-2 Alternative Rules for Repair of Class 1, 2, and 3 Austenitic 1977 Edition with the 1995 Edition with the 1995
Stainless Steel Piping Summer 1978 Addenda Addenda
N-504-3 Alternative Rules for Repair of Class 1, 2, and 3 Austenitic 1977 Edition with the 2004 Edition
Stainless Steel Piping Summer 1978 Addenda
N-504-4 Alternative Rules for Repair of Class 1, 2, and 3 Austenitic 1977 Edition with the 2004 Edition with the 2006
Stainless Steel Piping Summer 1978 Addenda Addenda
N-508 Rotation of Serviced Snubbers and Pressure Relief Valves for 1977 Edition 1989 Edition with the 1990
the Purpose of Testing Addenda
N-508-1 Rotation of Serviced Snubbers and Pressure Relief Valves for 1977 Edition 1995 Edition with the 1995

the Purpose of Testing

XxXi

Addenda
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N-508-2 Rotation of Serviced Snubbers and Pressure Relief Valves for 1977 Edition 1998 Edition with the 2000
the Purpose of Testing Addenda
N-508-3 Rotation of Serviced Snubbers and Pressure Relief Valves for 1977 Edition with the Winter 2001 Edition with the
the Purpose of Testing 1978 Addenda 2003 Addenda
N-508-4 Rotation of Snubbers and Pressure Retaining Items for the 1989 Edition 2007 Edition with the
Purpose of Testing or Preventive Maintenance 2008 Addenda
N-508-5 Rotation of Snubbers and Pressure Retaining Items for the 1989 Edition 2021 Edition
Purpose of Testing or Preventive Maintenance
N-509 Alternative Rules for the Selection and Examination of Classes 1, 1977 Edition with the 1995 Edition
2, and 3 Integrally Welded Attachments Summer 1978 Addenda
N-512 Assessment of Reactor Vessels with Low Upper Shelf Charpy = 1986 Edition with the 1987 1992 Edition with the
Impact Energy Levels Addenda 1992 Addenda
N-512-1 Assessment of Reactor Vessels with Low Upper Shelf Charpy = 1986 Edition with the 1987 1995 Edition
Impact Energy Levels Addenda
N-513 Evaluation Criteria for Temporary Acceptance of Flaws in Class 1977 Edition with the 2001 Edition
3 Piping Summer 1978 Addenda
N-513-1 Evaluation Criteria for Temporary Acceptance of Flaws in 1977 Edition with the 2001 Edition
Moderate Energy Class 2 or 3 Piping Summer 1978 Addenda
N-513-2 Evaluation Criteria for Temporary Acceptance of Flaws in 1977 Edition with the 2001\Edition with the
Moderate Energy Class 2 or 3 Piping Summer 1978 Addenda 2003 Addenda
N-513-3 Evaluation Criteria for Temporary Acceptance of Flaws in 1983 Edition with the Winter 2007 Edition with the
Moderate Energy Class 2 or 3 Piping 1985 Addenda 2008 Addenda
N-513-4 Evaluation Criteria for Temporary Acceptance of Flaws in 1995 Edition with the, 1996 2019 Edition
Moderate Energy Class 2 or 3 Piping Addenda
N-513-5 Evaluation Criteria for Temporary Acceptance of Flaws in 1995 Edition with,the 1996 2021 Edition
Moderate Energy Class 2 or 3 Piping and Gate Valves Addenda
N-513-6 Evaluation Criteria for Temporary Acceptance of Flaws in 1995 Editienwith the 1996 2021 Edition
Moderate Energy Class 2 or 3 Piping and Gate Valves Addenda
N-514 Low Temperature Overpressure Protection 1986,Edition with the 1987 1992 Edition with the
Addenda 1992 Addenda
N-515 Class 1 Mechanical Joint- Pressure Tests 1980 Edition with the Winter 1989 Edition with the
1980 Addenda 1990 Addenda
N-516 Underwater Welding 1977 Edition with the 1995 Edition with the
Summer 1978 Addenda 1995 Addenda
N-516-1 Underwater Welding 1977 Edition with the 1995 Edition with the
Summer 1978 Addenda 1995 Addenda
N-516-2 Underwater Welding 1974 Edition with the 1995 Edition with the
Summer 1978 Addenda 1996 Addenda
N-516-3 Underwater Welding 1977 Edition with the 2013 Edition
Summer 1978 Addenda
N-516-4 Underwater Welding 1995 Edition with the 1996 2013 Edition
Addenda
N-516-5 Underwater Welding 1995 Edition with the 1996 2015 Edition
Addenda
N-517 Quality Assurance (Program Requirements for Owners 1977 Edition with the 1995 Edition
Summer 1978 Addenda
N-517-1 Quality Assurance Program Requirements for Owners 1977 Edition with the 2004 Edition with the
Summer 1978 Addenda 2006 Addenda
N-521 Alternative Rules for Deferral of Inspections of Nozzle- 1977 Edition 1995 Edition
to-Vessel Welds, Inside Radius Sections and Nozzle- to-Safe
End Welds of Pressurized Water Reactor (PWR) Vessel
N-522 Pressure Testing of Containment Penetration Piping 1974 Edition 1995 Edition with the
1996 Addenda
N-523 Mechanical Clamping Devices for Class 2 and 3 Piping 1977 Edition with the 1995 Edition with the
Summer 1978 Addenda 1996 Addenda
N-523-1 Mechanical Clamping Devices for Class 2 and 3 Piping 1977 Edition with the 1995 Edition with the
Summer 1978 Addenda 1996 Addenda
N-523-2 Mechanical Clamping Devices for Class 2 and 3 Piping 1977 Edition with the 1995 Edition with the
Summer 1978 Addenda 1996 Addenda
N-524 Alternative Examination Requirements for Longitudinal Welds 1974 Edition with the 1995 Edition

in Class 1 and 2 Piping

Summer 1975 Addenda

Xxxii
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N-526

N-528-1

N-532

N-532-1

N-532-2

N-532-3

N-532-4

N-532-5

N-532-6

N-533

N-533-1

N-534

N-535

N-537

N-538

N-541

N-542

N-543

N-544

N-545

N-546

N-547

N-552

N-552-1

N-553

N-553-1

Alternative Requirements for Successive Inspections of Class 1

and 2 Vessels

Purchase, Exchange, or Transfer of Material Between Nuclear

Plant Sites

Alternative Requirements to Repair and Replacement
Documentation Requirements and Inservice Summary
Report Preparation and Submission as Required by

IWA-4000 and IWA-6000

Alternative Requirements to Repair and Replacement
Documentation Requirements and Inservice Summary
Report Preparation and Submission

Alternative Requirements to Repair/Replacement Activity
Documentation Requirements and Inservice Summary
Report Preparation and Submission

Alternative Requirements to Repair/Replacement Activity
Documentation Requirements and Inservice Summary
Report Preparation and Submission

Repair/Replacement Activity Documentation Requirements
and Inservice Summary Report Preparation and Submission

Repair/Replacement Activity Documentation Requirements
and Inservice Inspection Summary Report Preparation and

Submission

Repair/Replacement Activity Documentation Requirements
and Inservice Inspection Summary Report Preparation and

Submission

Alternative Requirements for VT-2 Visual Examination of Class
1 Insulated Pressure-Retaining Bolted Connections

Alternative Requirements for VT-2 Visual Examination of Class
1, 2, and 3 Insulated Pressure Retaining Bolted Connectidéns

Alternative Requirements for Pneumatic Pressure Testing

Alternative Requirements for Inservice InspectionsIntervals
Location of Ultrasonic Depth-Sizing Flaws

Alternative Requirements for Length Sizing Performance
Demonstrations in Accordance with*Appendix VIII,
Supplements 2, 3, 10, 11, and. 12

Alternative Requirements for,RPétformance Demonstration in
Accordance with Appendix VIII, Supplements 4 and 6

Alternative Requirements for Nozzle Inside Radius Section
Length Sizing Performance Demonstration

Alternative to Rérforming Periodic Calibration Checks

Repair/Replacement of Small Items
Altérnative Requirements for Conduct of Performance

Demonstration Detection Test of Reactor Vessel
Alternative Requirements for Qualification of VT-2 Examination

Personnel

Alternative Examination Requirements for Pressure Retaining
Bolting of Control Rod Drive (CRD) Housings

Alternative Methods — Qualification for Nozzle Inside Radius
Section from the Outside Surface

Alternative Methods — Qualification for Nozzle Inside Radius
Section from the Outside Surface

Inservice Eddy Current Surface Examination of Pressure
Retaining Pipe Welds and Nozzle-to-Safe End Welds

Eddy Current Surface Examination

1974 Edition

1977 Edition with the
Summer 1978 Addenda

1974 Edition with the
Summer 1975 Addenda

1981 Edition with the Winter
1983 Addenda

1981 Edition with the Winter
1983 Addenda

1981 Edition with the Winter
1983 Addenda

1983 Edition with the Winter
1983 Addenda

1995 Edition with the1996
Addenda

1995 Editioprwith the 1996
Addenda

1986:Edition

1989 Edition

1977 Edition with the
Summer 1978 Addenda
1977 Edition

1989 Edition with the 1989
Addenda

1989 Edition with the 1989
Addenda

1992 Edition with the 1993
Addenda

1989 Edition with the 1989
Addenda

1977 Edition with the
Summer 1978 Addenda

1977 Edition with the
Summer 1978 Addenda

1989 Edition

1977 Edition

1980 Edition with the Winter
1980 Addenda

1989 Edition with the 1989
Addenda

2004 Edition

1977 Edition

1977 Edition

2010 Edition with the
2011 Addenda

2004 Edition with the
2005 Addenda

1998 Edition with the
2000 Addenda

1998 Edition with the

2000 Addenda

2001 Edition with-the
2002 Addenda

2001 Edition\with the 2003
Addenda

2013 Edition [see Guideline for
Cross-Referencing Section XI,

Table 1, General Note (b)]
2013 Edition

2013 Edition

1998 Edition with the 2000
Addenda

1998 Edition with the 2000
Addenda

1995 Edition with the 1997
Addenda

1995 Edition with the 1995
Addenda

2001 Edition

1995 Edition with the 1995
Addenda

1995 Edition

1995 Edition

1989 Edition

1995 Edition

2004 Edition

1995 Edition with the 1997
Addenda

1995 Edition

2004 Edition

2010 Edition with the 2011
Addenda

1995 Edition with the 1996

Addenda
1995 Edition with the 1996

xXxxiii

Addenda
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N-554 Alternative Requirements for Reconciliation of Replacement 1977 Edition 1995 Edition with the 1995
Items Addenda
N-554-1  Alternative Requirements for Reconciliation of Replacement 1977 Edition 1995 Edition with the 1996
Items Addenda
N-554-2 Alternative Requirements for Reconciliation of Replacement 1977 Edition 1998 Edition
Items and Addition of New Systems
N-554-3  Alternative Requirements for Reconciliation of Replacement 1977 Edition 2001 Edition with the 2002
Items and Addition of New Systems Addenda
N-555 Use of Section II, V, and IX Code Cases 1977 Edition with the 2001 Edition
Summer 1978 Addenda
N-556 Alternative Requirements for Verification of Acceptability of =~ 1977 Edition 1992 Edition with the 1993
Replacements Addenda
N-557 In-Place Dry Annealing of a PWR Nuclear Reactor Vessel 1974 Edition with the 1995 Edition
Summer 1975 Addenda
N-557-1 In-Place Dry Annealing of a PWR Nuclear Reactor Vessel 1974 Edition with the 1995 Edition
Summer 1975 Addenda
N-560 Alternative Examination Requirements for Class 1, Category B-] 1974 Edition 2004 Edition
Piping Welds
N-560-1 Alternative Examination Requirements for Class 1, Category B-] 1974 Edition 2004 Edition
Piping Welds
N-560-2  Alternative Examination Requirements for Class 1, Category B-] 1977 Edition 2004 Edition
Piping Welds
N-561 Alternative Requirements for Wall Thickness Restoration of 1977 Edition 2004 Edition
Class 2 and High Energy Class 3 Carbon Steel Piping
N-561-1  Alternative Requirements for Wall Thickness Restoration of 1977 Edition 2004 Edition with the 2005
Class 2 and High Energy Class 3 Carbon Steel Piping Addenda
N-561-2  Alternative Requirements for Wall Thickness Restoration of 1977 Editien 2015 Edition
Class 2 and High Energy Class 3 Carbon Steel Piping
N-561-3 Alternative Requirements for Wall Thickness Restoration of 1977, Edition 2021 Edition [see Guideline for
Class 2 and High Energy Class 3 Carbon Steel Piping Cross-Referencing Section XI,
Table 1, General Note (a)]
N-561-4  Alternative Requirements for Wall Thickness Restoration.of 1977 Edition 2021 Edition [see Guideline for
Class 2 and High Energy Class 3 Carbon Steel Piping Cross-Referencing Section XI,
Table 1, General Note (a)]
N-562 Alternative Requirements for Wall Thickness Restoration of 1977 Edition 2004 Edition
Class 3 Moderate-Energy Carbon Steel Piping
N-562-1 Alternative Requirements for Wall Thickness'‘Réstoration of 1977 Edition 2004 Edition with the 2005
Class 3 Moderate-Energy Carbon Steel Piping Addenda
N-562-2  Alternative Requirements for Wall Thiékness Restoration of 1977 Edition 2015 Edition
Class 3 Moderate-Energy Carbon, Stéel Piping
N-562-3 Alternative Requirements for WalliThickness Restoration of 2013 Edition 2021 Edition [see Guideline for
Class 3 Moderate-Energy ‘€arbon Steel Piping Cross-Referencing Section XI,
Table 1, General Note (a)]
N-562-4 Alternative Requirements/for Wall Thickness Restoration of 2013 Edition 2021 Edition [see Guideline for
Class 3 Moderate-Energy Carbon Steel Piping Cross-Referencing Section XI,
Table 1, General Note (a)]
N-563 Grading of Examinations, IWA-2320 1986 Edition with the 1988 1992 Edition
Addenda
N-566 Corrective Action for Leakage Identified at Bolted Connections 1983 Edition with the Winter 2004 Edition
1984 Addenda
N-566-1 Corréctive Action for Leakage Identified at Bolted Connections 1983 Edition with the Winter 2004 Edition
1984 Addenda
N-566-2 Corrective Action for Leakage Identified at Bolted Connections 1983 Edition with the Winter 2004 Edition with the 2006
1984 Addenda Addenda
N-567 Alternative Requirements for Class 1, 2, and 3 Replacement 1977 Edition with the 1998 Edition
Components Summer 1978 Addenda
N-567-1 Reconciliation Requirements for Class 1, 2, and 3 Replacement 1977 Edition with the 1998 Edition
Components Summer 1978 Addenda
N-568 Alternative Examination Requirements for Welded Attachments 1974 Edition with the 1989 Edition with the 1990
Summer 1975 Addenda Addenda
N-569 Alternative Rules for Repair by Electrochemical Deposition of 1977 Edition with the 2004 Edition

Class 1 and 2 Steam Generator Tubing

Summer 1978 Addenda
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N-569-1

N-573

N-574

N-575

N-576

N-576-1

N-576-2

N-577

N-577-1

N-578

N-578-1

N-583

N-586

N-586-1

N-587

N-588

N-589

N-589-1

N-590

N-591

N-592
N-593

N-593-1

N-593¢2

N-597

N-597-1
N-597-2
N-597-3
N-597-4
N-597-5
N-598

Alternative Rules for Repair by Electrochemical Deposition of 1977 Edition with the

Class 1 and 2 Steam Generator Tubing

Summer 1978 Addenda

Transfer of Procedure Qualification Records Between Owners 1977 Edition with the

NDE Personnel Recertification Frequency

Alternative Examination Requirements for Full Penetration

Summer 1978 Addenda
1974 Edition with the

Summer 1975 Addenda
1989 Edition

Nozzle-to-Vessel Welds in Reactor Vessels with Set-On Type

Nozzles

Repair of Class 1 and 2 SB-163, UNS N06600 Steam Generator 1977 Edition with the

Tubing

Summer 1978 Addenda

Repair of Classes 1 and 2 SB-163, UNS N06600 Steam Generator 1977 Edition with the

Tubing

Summer 1978 Addenda

Repair of Classes 1 and 2 SB-163, UNS N06600 Steam Generator 1995 Edition with the 1996

Tubing

Risk-Informed Requirements for Class 1, 2, and 3 Piping,

Method A

Risk-Informed Requirements for Class 1, 2, or 3 Piping,

Method A

Risk-Informed Requirements for Class 1, 2, and 3 Piping,

Method B

Risk-Informed Requirements for Class 1, 2, or 3 Piping,

Method B
Annual Training Alternative

Addenda

1977 Edition

1977 Edition

1977 Edition

1977 Edition

1986 Edition with the 1988
Addenda

Alternative Additional Examination Requirements for Class 1, 2, 4977 Edition with the

and 3 Piping, Components, and Supports

Summer 1978 Addenda

Alternative Additional Examination Requirements for Class 142, 1977 Edition with the

and 3 Piping, Components, and Supports
Alternative NDE Requirements for Repair/Replacement

Activities

Summer 1978 Addenda
1977 Edition with the
Summer 1978 Addenda

Alternative to Reference Flaw Orientation of Appendix G for ~ 1986 Edition with the 1987

Circumferential Welds in Reactor Vessels
Class 3 Nonmetallic Cured-In-Place Piping

Class 3 Nonmetallic Cured-In-Place Piping

Alternative to the Requirements/of Subsection IWE,

Addenda
1977 Edition with the
Summer 1978 Addenda
1977 Edition with the
Summer 1978 Addenda
1992 Edition

Requirements for Class M€ and Metallic Liners of Class CC

Components of Light-Water Cooled Plants
Alternative to the Requirements of Subsection IWL,
Requirements for/Class CC Concrete Components of

Light-Water Cpoled Plants

ASNT Central Certification Program

1992 Edition

1974 Edition

Alternative Examination Requirements for Steam Generator 1974 Edition

Nozzle-to-Vessel Welds

Examination Requirements for Steam Generator Nozzle-

to-Vessel Welds

Examination Requirements for Steam Generator Nozzle-

to-Vessel Welds

1974 Edition

1974 Edition

Requirements for Analytical Evaluation of Pipe Wall Thinning 1974 Edition
Requirements for Analytical Evaluation of Pipe Wall Thinning 1974 Edition
Requirements for Analytical Evaluation of Pipe Wall Thinning 1974 Edition

Evaluation of Pipe Wall Thinning
Evaluation of Pipe Wall Thinning
Evaluation of Pipe Wall Thinning

Alternative Requirements to Required Percentages of

Examinations

1974 Edition
1974 Edition
1974 Edition
1977 Edition

2019 Edition

1995 Edition with the 1996
Addenda

1995 Edition with the 1996
Addenda

2021 Edition

1998 Edition with the 2000
Addenda

2015 Edition [see Guideline for
Cross-Referencing/Section XI,
Table 1, Général Note (d)]

2021 Edition\[see Guideline for
Cross=Referencing Section XI,
Tablé 1, General Note (d)]

2004 Edition

2004 Edition
2004 Edition
2004 Edition
1998 Edition
2004 Edition

2007 Edition with the 2008
Addenda

1995 Edition with the 1997
Addenda

1995 Edition with the 1997
Addenda

2004 Edition

2021 Edition

1995 Edition with the 1997
Addenda

1995 Edition with the 1996
Addenda

1998 Edition
2004 Edition

2015 Edition
2021 Edition

2004 Edition
2004 Edition
2017 Edition
2021 Edition
2021 Edition
2021 Edition
1995 Edition with the 1997
Addenda
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N-599 Alternatives to Qualification of Nondestructive Examination 1992 Edition with the 1992 1995 Edition with the 1997

N-600

N-601

N-603

N-604

N-605

N-606

N-606-1

N-606-2

N-609

N-609-1

N-613

N-613-1

N-613-2

N-615

N-617

N-618

N-619

N-622

N-623

N-624

N-627

N-630

N-638

Personnel for Inservice Inspection of Metal (Class MC) and
Concrete (Class CC) Containments

Transfer of Welder, Welding Operator, Brazer, and Brazing
Operator Qualifications Between Owners

Extent and Frequency of VT-3 Visual Examination for Inservice
Inspection of Metal Containments

Alternative to the Requirements of IWL-2421, Sites With Two
Plants

Alternative to Bolt Torque or Tension Test Requirements of
Table IWE-2500-1, Category E-G, Item E8.20

Alternative to the Requirements of IWE-2500(c) for Augmented
Examination of Surface Areas

Similar and Dissimilar Metal Welding Using Ambient
Temperature Machine GTAW Temper Bead Technique

Similar and Dissimilar Metal Welding Using Ambient
Temperature Machine GTAW Temper Bead Technique for
BWR CRD Housing/Stub Tube Repairs

Similar and Dissimilar Metal Welding Using Ambient
Temperature Machine GTAW Temper Bead Technique for
BWR CRD Housing/Stub Tube Repairs

Alternative Requirements to Stress-Based Selection Criteria for
Category B-] Welds

Alternative Requirements to Stress-Based Selection Criteria for
Category B-] Welds

Ultrasonic Examination of Full Penetration Nozzles in Vessels,
Examination Category B-D, Item No’s. B3.10 and B3.90,
Reactor Vessel-to-Nozzle Welds, Figures IWB-2500-7(a), (b),
and (c)

Ultrasonic Examination of Full Penetration Nozzles in Vessels,
Examination Category B-D, Item No’s. B3.10 and B3.90,
Reactor Nozzle-to-Vessel Welds, Figures IWB-2500-7(a), (b),
and (c)

Ultrasonic Examination of Full Penetration Nozzles.in*Vessels,
Examination Category B-D, Reactor Nozzle- to-Véssel Welds
and Nozzle Inside Radius Section, Figures.JWB-2500-7(a),
(b), (c), and (d)

Ultrasonic Examination as a Surface Examination Method for
Category B-F and B-] Piping Welds

Alternative Examination Distribution Requirements for Table
IWC-2500-1 Examination'Category C-G, Pressure Retaining
Welds in Pumps and Valves

Use of a Reactor Pressure/Vessel as a Transportation
Containment System

Alternative Requirements for Nozzle Inner Radius Inspections
for Class 4. Rressurizer and Steam Generator Nozzles

Ultrasonic Examination of RPV and Piping, Bolts, and Studs

Deférral of Inspections of Shell-to-Flange and Head-to- Flange
Welds of a Reactor Vessel
Stccessive Inspections

VT-1 Visual Examination in Lieu of Surface Examination for RPV
Closure Nuts

Alternatives to VT-1C and VT-3C Visual Examination for
Inservice Inspection of Concrete and VT-1 Visual Examination
for Inservice Inspection of Anchorage Hardware and
Surrounding Concrete for Concrete Containments

Similar and Dissimilar Metal Welding Using Ambient

Addenda

1977 Edition with the
Summer 1978 Addenda
1989 Edition

1989 Edition with the 1991
Addenda
1989 Edition

1989 Edition

1977 Edition with the
Summer 1978 Addenda

1977 Edition with the
Summer 1978 Addenda

1977 Edition with the
Summer 1978 Addenda

1977 Edition

1977 Edition

1989 Editienwwith the 1989
Addenda

1989 Edition with the 1989
Addenda

1989 Edition

1977 Edition with the
Summer 1978 Addenda

1977 Edition with the
Summer 1978 Addenda

1983 Edition

1977 Edition with the
Summer 1978 Addenda
1989 Edition with the 1989

Addenda
1977 Edition with the
Summer 1978 Addenda
1977 Edition with the
Summer 1978 Addenda
1977 Edition with the 1978
Addenda
1992 Edition with the 1992
Addenda

1977 Edition with the

Addenda

2010 Edition with the 2011
Addenda

1995 Edition with the 1997
Addenda

1995 Edition with the 1996
Addenda

1995 Edition with the 1997
Addenda

1995 Edition with the 1997
Addenda

2004 Edition

2017 Edition

2021\Edition

2004 Edition with the 2005
Addenda

2021 Edition [see Guideline for
Cross-Referencing Section XI,
Table 1, General Note (h)]

2007 Edition with the 2008
Addenda

2007 Edition with the 2008
Addenda

2021 Edition

1998 Edition with the 2000
Addenda

1998 Edition with the
1999 Addenda

2019 Edition

1998 Edition

2001 Edition

1998 Edition

2007 Edition

1989 Edition

1995 Edition with the

1996 Addenda

2004 Edition

Temperature Machine GTAW Temper Bead Technique

Summer 1978 Addenda
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N-638-1 Similar and Dissimilar Metal Welding Using Ambient 1977 Edition with the 2007 Edition with the
Temperature Machine GTAW Temper Bead Technique Summer 1978 Addenda 2008 Addenda
N-638-2 Similar and Dissimilar Metal Welding Using Ambient 1980 Edition with the Winter 2004 Edition
Temperature Machine GTAW Temper Bead Technique 1981 Addenda
N-638-3 Similar and Dissimilar Metal Welding Using Ambient 1980 Edition with the Winter 2004 Edition
Temperature Machine GTAW Temper Bead Technique 1981 Addenda
N-638-4  Similar and Dissimilar Metal Welding Using Ambient 1980 Edition with the Winter 2010 Edition with the 2011
Temperature Machine GTAW Temper Bead Technique 1981 Addenda Addenda [see Guideline for
Cross-Referencing SectionXI,
Table 1, General Note (c)]
N-638-5 Similar and Dissimilar Metal Welding Using Ambient 1980 Edition with the Winter 2010 Edition with the 20311
Temperature Machine GTAW Temper Bead Technique 1981 Addenda Addenda [see Guideline for
Cross-Referencing/Section XI,
Table 1, Général Note (c)]
N-638-6  Similar and Dissimilar Metal Welding Using Ambient 1980 Edition with the Winter 2010 Edition\with the 2011
Temperature Machine GTAW Temper Bead Technique 1981 Addenda Addenda [see Guideline for
Cross-Referencing Section XI,
Table 1, General Note (c)]
N-638-7  Similar and Dissimilar Metal Welding Using Ambient 1980 Edition with the Winter \2021 Edition [see Guideline for
Temperature Machine GTAW Temper Bead Technique 1981 Addenda Cross-Referencing Section XI,
Table 1, General Note (a)]
N-638-8 Similar and Dissimilar Metal Welding Using Ambient 1980 Edition with.the'Winter 2021 Edition [see Guideline for
Temperature Machine GTAW Temper Bead Technique 1981 Addenda Cross-Referencing Section XI,
Table 1, General Note (a)]
N-638-9 Similar and Dissimilar Metal Welding Using Ambient 1980 Edition with the Winter 2021 Edition [see Guideline for
Temperature Machine GTAW Temper Bead Technique 1987 Addenda Cross-Referencing Section XI,
Table 1, General Note (a)]
N-638-10 Similar and Dissimilar Metal Welding Using Ambient 1980 Edition with the Winter 2021 Edition [see Guideline for
Temperature Machine GTAW Temper Bead Technique 1981 Addenda Cross-Referencing Section XI,
Table 1, General Note (a)]
N-638-11 Similar and Dissimilar Metal Welding Using Ambient 1980 Edition with the Winter 2021 Edition [see Guideline for
Temperature Machine GTAW Temper Bead Technique 1981 Cross-Referencing Section XI,
Table 1, General Note (a)]
N-639 Alternative Calibration Block Material 1986 Edition with the 1987 2021 Edition
Addenda
N-639-1 Alternative Calibration Block Material 1986 Edition with the 1987 2021 Edition
Addenda
N-640 Alternative Reference Fracture Toughness for Development of 1986 Edition with the 1987 1998 Edition
P-T Limit Curves Addenda
N-641 Alternative Pressure-Temperatite Relationship and Low 1977 Edition with the 2021 Edition
Temperature Overpressure Protection System Requirements ~ Summer 1978 Addenda
N-643 Fatigue Crack Growth Rate Curves for Ferritic Steels in PWR 1977 Edition with the 2004 Edition
Water Environmerit Summer 1978 Addenda
N-643-1 Fatigue Crack Grewth Rate Curves for Ferritic Steels in PWR 1977 Edition with the 2004 Edition
Water Environment Summer 1978 Addenda
N-643-2 Fatigue Crack Growth Rate Curves for Ferritic Steels in PWR 1977 Edition with the 2021 Edition
Water \Environment Summer 1978 Addenda
N-647 Altérnative to Augmented Examination Requirements of 1977 Edition with the 1998 Edition with the
IWE-2500 Summer 1978 Addenda 2000 Addenda
N-648 Alternative Requirements for Inner Radius Examinations of 1977 Edition with the 2004 Edition
Class 1 Reactor Vessel Nozzles Summer 1978 Addenda
N-648-1 Alternative Requirements for Inner Radius Examinations of 1977 Edition with the 2017 Edition
Class 1 Reactor Vessel Nozzles Summer 1978 Addenda
N-648-2  Alternative Requirements for Inner Radius Examinations of 1983 Edition with the Winter 2021 Edition
Class 1 Reactor Vessel Nozzles 1983 Addenda
N-649 Alternative Requirements for IWE-5240 Visual Examination 1989 Edition 1998 Edition with the
2000 Addenda
N-651 Ferritic and Dissimilar Metal Welding Using SMAW Temper 1977 Edition with the 2021 Edition
Bead Technique Without Removing the Weld Bead Crown of =~ Summer 1978 Addenda
the First Layer
N-652 Alternative Requirements to Categories B-G-1, B-G-2, and C-D 1977 Edition 2001 Edition

Bolting Examination Methods and Selection Criteria
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N-652-1 Alternative Requirements to Categories B-G-1, B-G-2, and C-D 1977 Edition 2001 Edition with the 2003
Bolting Examination Methods and Selection Criteria Addenda

N-652-2 Alternative Requirements to Categories B-G-1, B-G-2, and C-D 1977 Edition 2010 Edition
Bolting Examination Methods and Selection Criteria
N-653 Qualification Requirements for Full Structural Overlaid 1989 Edition with the 1989 2004 Edition
Wrought Austenitic Piping Welds Addenda
N-653-1 Qualification Requirements for Full Structural Overlaid 1989 Edition with the 1989 2019 Edition
Wrought Austenitic Piping Welds Addenda
N-653-2 Qualification Requirements for Full Structural Overlaid 1989 Edition with the 1989 2021 Edition
Wrought Austenitic Piping Welds Addenda
N-654 Acceptance Criteria for Flaws in Ferritic Steel Components 4 in. 1974 Edition 2021 Edition
and Greater in Thickness
N-658 Qualification Requirements for Ultrasonic Examination of 1989 Edition with the 1989 2001 Edition
Wrought Austenitic Piping Welds Addenda
N-660 Risk-Informed Safety Classification for Use in Risk-Informed 1980 Edition with the Winter 2021 Edition
Repair/Replacement Activities 1981 Addenda
N-661 Alternative Requirements for Wall Thickness Restoration of 1977 Edition 2004 Edition with the 2005
Classes 2 and 3 Carbon Steel Piping for Raw Water Service Addenda
N-661-1 Alternative Requirements for Wall Thickness Restoration of 1977 Edition 2004 Edition with the 2005
Classes 2 and 3 Carbon Steel Piping for Raw Water Service Addenda
N-661-2  Alternative Requirements for Wall Thickness Restoration of 1977 Edition 2015 Edition
Classes 2 and 3 Carbon Steel Piping for Raw Water Service
N-661-3 Alternative Requirements for Wall Thickness Restoration of 1977 Edition 2021 Edition [see Guideline for
Classes 2 and 3 Carbon Steel Piping for Raw Water Service Cross-Referencing Section XI,
Table 1, General Note (a)]
N-661-4 Alternative Requirements for Wall Thickness Restoration of 2013 Editiont 2021 Edition [see Guideline for
Classes 2 and 3 Carbon Steel Piping for Raw Water Service Cross-Referencing Section XI,
Table 1, General Note (a)]
N-661-5 Alternative Requirements for Wall Thickness Restoration of 2013, Edition 2021 Edition [see Guideline for
Classes 2 and 3 Carbon Steel Piping for Raw Water Service Cross-Referencing Section XI,
Table 1, General Note (a)]
N-662 Alternative Repair/Replacement Requirements for Items 1980 Edition with the Winter 2001 Edition with the 2002
Classified in Accordance With Risk-Informed Processes 1981 Addenda Addenda
N-662-1 Alternative Repair/Replacement Requirements for Items 1995 Edition with the 1996 2007 Edition with the 2009
Classified in Accordance With Risk-Informed Processes Addenda Addenda
N-663 Alternative Requirements for Classes 1 and 2 Surface 1986 Edition 2010 Edition with the 2011
Examinations Addenda
N-663-1 Alternative Requirements for Classes 1 and 2 Surface 1986 Edition 2010 Edition with the 2011
Examinations Addenda
N-664 Performance Demonstration Requirefients for Examination of 1989 Edition with the 1989 2001 Edition with the 2002
Unclad Reactor Pressure Vessél-Welds, Excluding Flange Addenda Addenda
Welds
N-665 Alternative Requirements for Angle Beam Measurements Using 1983 Edition with the Winter 2001 Edition with the 2002
Refracted Longitudinal Wave Search Units 1985 Addenda Addenda
N-666 Weld Overlay of Class)1, 2, and 3 Socket Welded Connections 1980 Edition with the Winter 2015 Edition [see Guideline for
1981 Addenda Cross-Referencing Section XI,
Table 1, General Note (c)]
N-666-1  Weld Ovérlay*of Class 1, 2, and 3 Socket Welded Connections 1995 Edition with the 1996 2021 Edition [see Guideline for
Addenda Cross-Referencing Section XI,
Table 1, General Note (c)]
N-666-2 Weld Overlay of Class 1, 2, and 3 Socket Welded Connections 1995 Edition with the 1996 2021 Edition [see Guideline for
Addenda Cross-Referencing Section XI,
Table 1, General Note (c)]
N-683 Method for Determining Maximum Allowable False Calls When 1989 Edition with the 1989 2001 Edition with the 2002
Performing Single-Sided Access Performance Demonstration =~ Addenda Addenda
in Accordance With, Appendix VIII, Supplements 4 and 6
N-685 Lighting Requirements for Surface Examination 1998 Edition 2001 Edition with the 2003
Addenda
N-686 Alternative Requirements for Visual Examinations, VT-1, VT-2, 1989 Edition with the 1990 1998 Edition with the 2000
and VT-3 Addenda Addenda
N-686-1 Alternative Requirements for Visual Examinations, VT-1, VT-2, 1989 Edition with the 1990 2004 Edition

and VT-3

Addenda
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N-691 Application of Risk-Informed Insights to Increase the Inspection 1986 Edition 2004 Edition with the 2006
Interval for Pressurized Water Reactor Vessels Addenda
N-691-1  Application of Risk-Informed Insights to Increase the Inspection 1989 Edition 2021 Edition
Interval for Pressurized Water Reactor Vessels
N-694 Evaluation Procedure and Acceptance Criteria for PWR Reactor 1983 Edition 2001 Edition with the 2003
Vessel Upper Head Penetration Nozzles Addenda
N-694-1 Evaluation Procedure and Acceptance Criteria for PWR Reactor 1983 Edition 2001 Edition with the 2003
Vessel Head Penetration Nozzles Addenda
N-694-2 Evaluation Procedure and Acceptance Criteria for PWR Reactor 1983 Edition 2001 Edition with the 2003
Vessel Head Penetration Nozzles Addenda
N-695 Qualification Requirements for Dissimilar Metal Piping Welds 1989 Edition with the 1989 2001 Edition with the 2003
Addenda Addenda
N-695-1  Qualification Requirements for Dissimilar Metal Piping Welds 2001 Edition 2013 Edition
N-696 Qualification Requirements for Appendix VIII Piping 1989 Edition with the 1989 2001 Edition‘with the 2003
Examinations Conducted From the Inside Surface Addenda Addenda
N-696-1 Qualification Requirements for Mandatory Appendix VIII Piping 2001 Edition 2021 Edition
Examinations Conducted From the Inside Surface
N-697 Pressurized Water Reactor (PWR) Examination and Alternative 1977 Edition 2001 Edition with the 2003
Examination Requirements for Pressure Retaining Welds in Addenda
Control Rod Drive and Instrument Nozzle Housings
N-700 Alternative Rules for Selection of Classes 1, 2, and 3 Vessel 1995 Edition with the#1996 2001 Edition with the 2003
Welded Attachments for Examination Addenda Addenda
N-702 Alternative Requirements for Boiling Water Reactor (BWR) 1986 Edition 2015 Edition
Nozzle Inner Radius and Nozzle-to-Shell Welds
N-702-1  Alternative Requirements for Boiling Water Reactor (BWR) 1986 Edition 2017 Edition
Nozzle Inner Radius and Nozzle-to-Shell Welds
N-705 Evaluation Criteria for Temporary Acceptance of Degradation in 1983:\Edition with the Winter 2010 Edition with the 2011
Moderate Energy Class 2 or 3 Vessels and Tanks 1985 Addenda Addenda
N-705-1 Evaluation Criteria for Temporary Acceptance of Degradation in+1983 Edition with the Winter 2021 Edition
Moderate Energy Class 2 or 3 Vessels and Tanks 1985 Addenda
N-706 Alternative Examination Requirements to Table IWB-2500-1 1977 Edition 2004 Edition with the 2005
and Table IWC-2500-1 for PWR Stainless Steel Residfial and Addenda
Regenerative Heat Exchangers
N-706-1 Alternative Examination Requirements to Table [WB-2500-1 1977 Edition 2010 Edition with the 2011
and Table IWC-2500-1 for PWR Stainless_Steel Residual and Addenda
Regenerative Heat Exchangers
N-711 Alternative Examination Coverage Requiféments for 1989 Edition 2017 Edition
Examination Category B-F, B-], C-F-}, C-F-2, and R-A Piping
Welds
N-711-1  Alternative Examination Coverdge Requirements for 1989 Edition 2021 Edition
Examination Category B-F;B-], C-F-1, C-F-2, and R-A Piping
Welds
N-711-2  Alternative Examination Coverage Requirements for 1989 Edition 2021 Edition
Examination Category B-F, B-], C-F-1, C-F-2, and R-A Piping
Welds
N-712 Class 1 Socket Weld Examinations 1986 Edition 2010 Edition with the 2011
Addenda
N-713 Ultfasonic Examination in Lieu of Radiography 1986 Edition 2019 Edition
N-716 Alternative Piping Classification and Examination 1989 Edition 2004 Edition with the 2006
Requirements Addenda
N-716¢1%~"Alternative Piping Classification and Examination 1995 Edition 2017 Edition
Requirements
N-716-2 Alternative Classification and Examination Requirements 1995 Edition 2021 Edition
N-716-3  Alternative Classification and Examination Requirements 1995 Edition 2021 Edition
N-722 Additional Examinations for PWR Pressure Retaining Welds in 1980 Edition 2013 Edition
Class 1 Components Fabricated With Alloy 600/82/182
Materials
N-722-1  Additional Examinations for PWR Pressure Retaining Welds in 1980 Edition 2021 Edition
Class 1 Components Fabricated With Alloy 600/82/182
Materials
N-722-2  Visual Examinations for PWR Pressure Retaining Welds in Class 1980 Edition 2021 Edition

1 Components Fabricated With Alloy 600/82/182 Materials
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N-729 Alternative Examination Requirements for PWR Reactor Vessel 1980 Edition 2004 Edition
Upper Heads With Nozzles Having Pressure-Retaining
Partial-Penetration Welds
N-729-1  Alternative Examination Requirements for PWR Reactor Vessel 1980 Edition 2004 Edition
Upper Heads With Nozzles Having Pressure-Retaining
Partial-Penetration Welds
N-729-2 Alternative Examination Requirements for PWR Reactor Vessel 1980 Edition 2004 Edition
Upper Heads With Nozzles Having Pressure-Retaining
Partial-Penetration Welds
N-729-3 Alternative Examination Requirements for PWR Reactor Vessel 2004 Edition 2015 Edition
Upper Heads With Nozzles Having Pressure-Retaining
Partial-Penetration Welds
N-729-4 Alternative Examination Requirements for PWR Reactor Vessel 2004 Edition 2019 Edition
Upper Heads With Nozzles Having Pressure-Retaining
Partial-Penetration Welds
N-729-5 Alternative Examination Requirements for PWR Reactor Vessel 2004 Edition 2019 Edition
Upper Heads With Nozzles Having Pressure-Retaining
Partial-Penetration Welds
N-729-6 Alternative Examination Requirements for PWR Reactor Vessel 2004 Edition 2021\Edition
Upper Heads With Nozzles Having Pressure-Retaining
Partial-Penetration Welds
N-729-7  Alternative Examination Requirements for PWR Reactor Vessel 2004 Edition 2021 Edition
Upper Heads With Nozzles Having Pressure-Retaining
Partial-Penetration Welds
N-729-8 Alternative Examination Requirements for PWR Reactor Vessel 2004 Edition 2021 Edition
Upper Heads With Nozzles Having Pressure-Retaining
Partial-Penetration Welds
N-729-9 Alternative Examination Requirements for PWR Reactor Vessel 2004 Edition 2021 Edition
Upper Heads With Nozzles Having Pressure-Retaining
Partial-Penetration Welds
N-729-10 Alternative Examination Requirements for PWR Reactor Vessel 42007 Edition 2021 Edition
Upper Heads With Nozzles Having Pressure-Retaining
Partial-Penetration Welds
N-730 Roll Expansion of Class 1 Control Rod Drive Bottom Héad 1989 Edition 2015 Edition [see Guideline for
Penetrations in BWRs Cross-Referencing Section XI,
Table 1, General Note (e)]
N-730-1 Roll Expansion of Class 1 Control Rod Driye.Bottom Head 1995 Edition with the 1996 2021 Edition [see Guideline for
Penetrations in BWRs Addenda Cross-Referencing Section XI,
Table 1, General Note (e)]
N-731 Alternative Class 1 System Leakagé Té€st Pressure Requirements 1989 Edition 2015 Edition
N-733 Mitigation of Flaws in NPS 2 (DN*50) and Smaller Nozzles and 1983 Edition 2021 Edition [see Guideline for
Nozzle Partial PenetratiomWelds in Vessels and Piping by Use Cross-Referencing Section XI,
of a Mechanical Connection Modification Table 1, General Note (f)]
N-733-1 Mitigation of Flaws i NPS 3 (DN 80) and Smaller Nozzles and 2001 Edition with the 2003 2021 Edition [see Guideline for
Nozzle Partial Pénetration Welds in Vessels and Piping by Use ~ Addenda Cross-Referencing Section XI,
of a Mechanical Connection Modification Table 1, General Note (f)]
N-735 Successive Inspections of Class 1 and 2 Piping Welds 1995 Edition with the 1996 2021 Edition
Addenda
N-739 Alternative Qualification Requirements for Personnel 1992 Edition with the 1992 2004 Edition with the 2006
Performing Class CC Concrete and Post-tensioning System Addenda Addenda
Visual Examinations
N-739-1 Alternative Qualification Requirements for Personnel 1992 Edition with the 1992 2004 Edition with the 2006
Performing Class CC Concrete and Post-tensioning System Addenda Addenda
Visual Examinations
N-740 Dissimilar Metal Weld Overlay for Repair of Class 1, 2, and 3 1980 Edition with Winter 2021 Edition
Items 1981 Addenda
N-740-1 Dissimilar Metal Weld Overlay for Repair or Mitigation of Class 1980 Edition with Winter 2021 Edition
1, 2, and 3 Items 1981 Addenda
N-740-2 Full Structural Dissimilar Metal Weld Overlay for Repair or 1986 Edition with the 1988 2021 Edition
Mitigation of Class 1, 2, and 3 Items Addenda
N-747 Reactor Vessel Head-to-Flange Weld Examination 1989 Edition 2015 Edition
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N-749

N-751

N-752

N-752-1

N-753

N-754

N-754-1

N-754-2

N-755

N-755-1

N-762

N-762-1

N-765

N-766

N-766-1

N-766-2

N-766-3

N-766-4

N-768

N-769

N-769:1

N-769-2

N-770

Alternative Acceptance Criteria for Flaws in Ferritic Steel
Components Operating in the Upper Shelf Temperature
Range

Pressure Testing of Containment Penetration Piping

Risk-Informed Categorization and Treatment for Repair/
Replacement Activities in Class 2 and 3 Systems

Risk-Informed Categorization and Treatment for Repair/
Replacement Activities in Class 2 and 3 Systems

Vision Tests

Optimized Structural Dissimilar Metal Weld Overlay for
Mitigation of PWR Class 1 Items

Optimized Structural Dissimilar Metal Weld Overlay for
Mitigation of PWR Class 1 Items

Optimized Structural Dissimilar Metal Weld Overlay for
Mitigation of PWR Class 1 Items

Use of Polyethylene (PE) Plastic Pipe
Use of Polyethylene (PE) Plastic Pipe

Temper Bead Procedure Qualification Requirements for
Repair/Replacement Activities Without Postweld Heat
Treatment

Temper Bead Procedure Qualification Requirements for
Repair/ Replacement Activities Without Postweld Heat
Treatment

Alternative to Inspection Interval Scheduling Requirements oft
IWA-2430

Nickel Alloy Reactor Coolant Inlay and Onlay for Mitigation of
PWR Full Penetration Circumferential Nickel Alloy.Digsimilar
Metal Welds in Class 1 Items

Nickel Alloy Reactor Coolant Inlay and Onlay for ‘Mitigation of
PWR Full Penetration Circumferential Nicke[Mlloy Dissimilar
Metal Welds in Class 1 Items

Nickel Alloy Reactor Coolant Inlay and.Oblay for Mitigation of
PWR Full Penetration Circumferential Nickel Alloy Dissimilar
Metal Welds in Class 1 Items

Nickel Alloy Reactor CoolantIhldy and Onlay for Mitigation of
PWR Full Penetration Circumferential Nickel Alloy Dissimilar
Metal Welds in Class¢ 1 Jtems

Nickel Alloy Reactor/Coolant Inlay and Onlay for Mitigation of
PWR Full Pengtration Circumferential Nickel Alloy Dissimilar
Metal Welds in*Class 1 Items

Alternative*Volumetric Coverage Requirements for Ultrasonic
Examination of Class 1 and 2 Pressure Vessel Weld Joints
Greater Than 2 in. (50 mm) in Thickness

RolljExpansion of Class 1 In-Core Housing Bottom Head
Penetrations in BWRs

Roll Expansion of Class 1 In-Core Housing Bottom Head
Penetrations in BWRs

Roll Expansion of Class 1 In-Core Housing Bottom Head
Penetrations in BWRs

Alternative Examination Requirements and Acceptance
Standards for Class 1 PWR Piping and Vessel Nozzle Butt
Welds Fabricated With UNS N06082 or UNS W86182 Weld

1998 Edition with the 2000
Addenda

1989 Edition

1995 Edition with the 1996
Addenda

1995 Edition with the 1996
Addenda

1986 Edition with the 1988
Addenda

1986 Edition with the 1988
Addenda

1995 Edition with the 1996
Addenda

1995 Edition with the 1996
Addenda

1995 Edition with the 1995
Addenda

1995 Edition with the1995
Addenda

1995 Edition with.the 1995
Addenda

1995 Edition with the 1995
Addenda

1989 Edition

1986 Edition with the 1988
Addenda

1995 Edition with the 1996
Addenda

1995 Edition with the 1996
Addenda

1995 Edition with the 1996
Addenda

1995 Edition with the 1996
Addenda

2001 Edition with the 2003
Addenda

1989 Edition

1989 Edition

1995 Edition with the 1996

Addenda

1989 Edition

2021 Edition

2019 Edition
2017 Edition

2021 Edition

2004 Edition with the 2006
Addenda
2010 Edition

2021 Edition [see\Guideline for
Cross-Refereficing Section XI,
Table 15%Gerneral Note (a)]

2021 Edition [see Guideline for
Cross-Referencing Section XI,
Table 1, General Note (a)]

2015 Edition

2015 Edition

2010 Edition

2010 Edition

2007 Edition with the 2008
Addenda
2017 Edition

2019 Edition

2019 Edition

2021 Edition

2021 Edition

2021 Edition

2015 Edition [see Guideline for
Cross-Referencing Section XI,
Table 1, General Note (e)]

2015 Edition [see Guideline for
Cross-Referencing Section XI,
Table 1, General Note (e)]

2021 Edition [see Guideline for
Cross-Referencing Section XI,
Table 1, General Note (e)]

2015 Edition

Filler Material With or Without Application of Listed
Mitigation Activities

xli
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Code Case

No.

Applicability

TIIe

FTOI

Up 1o amd Including

N-770-1

N-770-2

N-770-3

N-770-4

N-770-5

N-770-6

N-770-7

N-771

N-773

N-775

N-776

N-778

N-778-1

N-780

N-780-1.

N-784

N-786

N-786-1

Alternative Examination Requirements and Acceptance
Standards for Class 1 PWR Piping and Vessel Nozzle Butt
Welds Fabricated With UNS N06082 or UNS W86182 Weld
Filler Material With or Without Application of Listed
Mitigation Activities

Alternative Examination Requirements and Acceptance
Standards for Class 1 PWR Piping and Vessel Nozzle Butt
Welds Fabricated With UNS N06082 or UNS W86182 Weld
Filler Material With or Without Application of Listed
Mitigation Activities

Alternative Examination Requirements and Acceptance
Standards for Class 1 PWR Piping and Vessel Nozzle Butt
Welds Fabricated With UNS N06082 or UNS W86182 Weld
Filler Material With or Without Application of Listed
Mitigation Activities

Alternative Examination Requirements and Acceptance
Standards for Class 1 PWR Piping and Vessel Nozzle Butt
Welds Fabricated With UNS N06082 or UNS W86182 Weld
Filler Material With or Without Application of Listed
Mitigation Activities

Alternative Examination Requirements and Acceptance
Standards for Class 1 PWR Piping and Vessel Nozzle Butt
Welds Fabricated With UNS N06082 or UNS W86182 Weld
Filler Material With or Without Application of Listed
Mitigation Activities

Alternative Examination Requirements and Acceptance
Standards for Class 1 PWR Piping and Vessel Nozzle Butt
Welds Fabricated With UNS N06082 or UNS W86182 Weld
Filler Material With or Without Application of Listed
Mitigation Activities

Alternative Examination Requirements and Acceptance
Standards for Class 1 PWR Piping and Vessel Nozzle Butt
Welds Fabricated With UNS N06082 or UNS W86182\Weld
Filler Material With or Without Application of Listed
Mitigation Activities

Alternative Requirements for Additional Examinations of Class
2 or 3 Items

Alternative Qualification Criteria for Eddy Current
Examinations of Piping Inside Surfaces

Alternative Requirements for Bolting Affected by Borated
Water Leakage

Alternative to IWA-5244 Requirements for Buried Piping

Alternative Requirements for Preparation and Submittal of
Plans, Schedules, atid \Preservice and Inservice Inspection
Summary Reports

Alternative Requirements for Preparation and Submittal of
Plans, Schedules, and Preservice and Inservice Inspection
Summadry\Reports

Alternative Requirements for Upgrade, Substitution, or
Reconfiguration of Examination Equipment When Using
Appendix VIII Qualified Ultrasonic Examination Systems

Alternative Requirements for Upgrade, Substitution, or
Reconfiguration of Examination Equipment When Using
Appendix VIII Qualified Ultrasonic Examination Systems

Experience Credit for Ultrasonic Examiner Certification

Alternative Requirements for Sleeve Reinforcement of Class 2
and 3 Moderate-Energy Carbon Steel Piping

Alternative Requirements for Sleeve Reinforcement of Class 2
and 3 Moderate-Energy Carbon Steel Piping

1989 Edition

1989 Edition

1989 Edition

1989 Edition

1989 Edition

1989 Edition

1989 Edition

1992 Edition

1995 Edition with the 1996
Addenda
1989 Edition

1989 Edition
1989 Edition

1989 Edition

1989 Edition with the 1989
Addenda

1989 Edition with the 1989
Addenda

1995 Edition

1995 Edition with the 1996
Addenda

1995 Edition with the 1996
Addenda

2015 Edition

2019 Edition

2019 Edition

2019 Edition

2021 Edition

2021 Edition

2021 Edition

2021 Edition
2015 Edition

2010 Edition with the 2011
Addenda

2010 Edition

2007 Edition with the 2009
Addenda

2007 Edition with the 2009
Addenda

2021 Edition
2021 Edition
2010 Edition
2017 Edition
2021 Edition [see Guideline for

Cross-Referencing Section XI,
Table 1, General Note (a)]
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Code Case Applicability
No Title FIOm Up 1o anmd Inmchuding
N-786-2 Alternative Requirements for Sleeve Reinforcement of Class 2 1995 Edition with the 1996 2021 Edition [see Guideline for
and 3 Moderate-Energy Carbon Steel Piping Addenda Cross-Referencing Section XI,
Table 1, General Note (a)]
N-786-3  Alternative Requirements for Sleeve Reinforcement of Class 2 1995 Edition with the 1996 2021 Edition [see Guideline for
and 3 Moderate-Energy Carbon Steel Piping Addenda Cross-Referencing Section XI,
Table 1, General Note (a)]
N-786-4  Alternative Requirements for Sleeve Reinforcement of Class 2 1995 Edition with the 1996 2021 Edition [see Guideline for
and 3 Moderate-Energy Carbon Steel Piping Addenda Cross-Referencing Section XI,
Table 1, General Note (a)]
N-788 Third Party NDE Certification Organizations 1995 Edition 2021 Edition
N-788-1 Third Party NDE Certificate Organization 1995 Edition 2021 Edition
N-789 Alternative Requirements for Pad Reinforcement of Class 2 and 1995 Edition with the 1996 2017 Edition
3 Moderate-Energy Carbon Steel Piping for Raw Water Addenda
Service
N-789-1  Alternative Requirements for Pad Reinforcement of Class 2 and 1995 Edition with the 1996 2017 Edition
3 Moderate-Energy Carbon Steel Piping for Raw Water Addenda
Service
N-789-2  Alternative Requirements for Pad Reinforcement of Class 2 and 1998 Edition 2021 Edition [see Guideline for
3 Moderate-Energy Carbon Steel Piping for Raw Water Cross-Referencing Section XI,
Service Table 1, General Note (a)]
N-789-3  Alternative Requirements for Pad Reinforcement of Class 2 and 1998 Edition 2021 Edition [see Guideline for
3 Moderate-Energy Carbon Steel Piping for Raw Water Cross-Referencing Section XI,
Service Table 1, General Note (a)]
N-789-4  Alternative Requirements for Pad Reinforcement of Class 2 and 1998 Edition 2021 Edition [see Guideline for
3 Moderate-Energy Carbon Steel Piping for Raw Water Cross-Referencing Section XI,
Service Table 1, General Note (a)]
N-789-5  Alternative Requirements for Pad Reinforcement of Class 2 and 1998\Edition 2021 Edition [see Guideline for
3 Moderate-Energy Carbon Steel Piping for Raw Water Cross-Referencing Section XI,
Service Table 1, General Note (a)]
N-795 Alternative Requirements for BWR Class 1 System Leakage Test® 1998 Edition with the 1999 2015 Edition
Pressure Following Repair/Replacement Activities Addenda
N-798 Alternative Pressure Testing Requirements for Class.I\Piping 1992 Edition with the 1993 2015 Edition
Between the First and Second Vent, Drain, and, FéstAsolation Addenda
Devices
N-799 Dissimilar Metal Welds Joining Vessel Nozzlesto Components 1995 Edition 2010 Edition
N-800 Alternative Pressure Testing Requirements\or Class 1 Piping 1992 Edition with the 1993 2015 Edition
Between the First and Second Injection/Valves Addenda
N-803 Similar and Dissimilar Metal Welding Using Ambient 1980 Edition 2010 Edition
Temperature Automatic or Maghine Dry Underwater Laser
Beam Welding (ULBW) Témpér Bead Technique
N-805 Alternative to Class 1 Exteiided Boundary End of Interval or 1992 Edition 2013 Edition
Class 2 System Leakage Testing of the Reactor Vessel Head
Flange O-Ring Leak-Detection System
N-806 Evaluation of Métal Loss in Class 2 and 3 Metallic Piping Buried 1995 Edition 2021 Edition
in a Back-Filled Trench
N-806-1  Analytical Evaluation of Metal Loss in Class 2 and 3 Metallic =~ 1995 Edition 2021 Edition
Piping\Buried in a Back-Filled Trench
N-809 Reférence Fatigue Crack Growth Rate Curves for Austenitic 1989 Edition with the 1989 2019 Edition
Stainless Steels in Pressurized Water Reactor Environments Addenda
N-809-1 Reference Fatigue Crack Growth Rate Curves for Austenitic 1989 Edition with the 1989 2021 Edition
Stainless Steels in Pressurized Water Reactor Environments Addenda
N-813 Alternative Requirements for Preservice Volumetric and 1989 Edition 2013 Edition
Surface Examination
N-813-1  Alternative Requirements for Preservice Volumetric and 1989 Edition 2013 Edition
Surface Examination
N-823 Visual Examination 2001 Edition with the 2003 2010 Edition with the 2011
Addenda Addenda
N-823-1 Visual Examination 2001 Edition with the 2003 2013 Edition
Addenda
N-824 Ultrasonic Examination of Cast Austenitic Piping Welds From 2001 Edition 2013 Edition

the Outside Surface
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Code Case Applicability
No Tite FIOm Up 1o amd Including
N-825 Alternative Requirements for Examination of Control Rod Drive 1995 Edition with the 1996 2013 Edition
Housing Welds Addenda
N-826 Ultrasonic Examination of Full Penetration Vessel Weld Joints in 1995 Edition with the 1996 2021 Edition
Figures IWB-2500-1 Through IWB-2500-6 Addenda
N-829 Austenitic Stainless Steel Cladding and Nickel Base Cladding 1995 Edition with the 1996 2021 Edition
Using Ambient Temperature Machine GTAW Temper Bead Addenda
Technique
N-830 Direct Use of Master Fracture Toughness Curve for 1992 Edition 2021 Edition
Pressure-Retaining Materials of Class 1 Vessels
N-830-1 Direct Use of Fracture Toughness for Flaw Evaluations of 1992 Edition 2021 Edition
Pressure Boundary Materials in Class 1 Ferritic Steel
Components
N-831 Ultrasonic Examination in Lieu of Radiography for Welds in 1995 Edition with the 1996 2019 Edition
Ferritic Pipe Addenda
N-831-1 Ultrasonic Examination in Lieu of Radiography for Welds in 1995 Edition with the 1996 2021 Edition
Ferritic or Austenitic Pipe Addenda
N-838 Flaw Tolerance Evaluation of Cast Austenitic Stainless Steel 1989 Edition with the 1989 2021 Editiod
Piping Addenda
N-839 Similar and Dissimilar Metal Welding Using Ambient 1995 Edition with the 1996  2021\Edition
Temperature SMAW Temper Bead Technique Addenda
N-840 Cladding Repair by Underwater Electrochemical Deposition in 1995 Edition with the 1996~ 2021 Edition
Class 1 and 2 Applications Addenda
N-842 Alternative Inspection Program for Longer Fuel Cycles 2007 Edition with the,2008 2021 Edition
Addenda
N-843 Alternative Pressure Testing Requirements Following Repair/ 1980 Edition 2021 Edition
Replacement Activities for Class 1 Piping Between the First
and Second Injection Isolation Valves
N-845 Qualification Requirements for Bolts and Studs 1995 Edition with the 1996 2015 Edition
Addenda
N-845-1 Qualification Requirements for Bolts and Studs 1995 Edition with the 1996 2015 Edition
Addenda
N-847 Partial Excavation and Deposition of Weld Metal for Mitigation 1995 Edition with the 1996 2021 Edition [see Guideline for
of Class 1 Items Addenda Cross-Referencing Section XI,
Table 1, General Note (a)]
N-847-1 Partial Excavation and Deposition of Weld Metal for\Mitigation 1995 Edition with the 1996 2021 Edition [see Guideline for
of Class 1 Items Addenda Cross-Referencing Section XI,
Table 1, General Note (a)]
N-848 Alternative Characterization Rules for Quasi:Laminar Flaws 1989 Edition with the 1989 2021 Edition
Addenda
N-848-1 Alternative Characterization Rules.fet’Quasi-Laminar Flaws 1989 Edition with the 1989 2021 Edition
Addenda
N-849 In Situ VT-3 Examination of Rémovable Core Support Structures 2007 Edition with the 2008 2021 Edition
Without Removal Addenda
N-851 Use of Fracture Toughness Test Data to Establish Reference 1977 Edition with the 2015 Edition
Temperature for Pressure Retaining Materials Summer 1978 Addenda
N-853 PWR Class 1 Primary Piping Alloy 600 Full Penetration Branch 1995 Edition with the 1996 2021 Edition
Connection Weld Metal Buildup for Material Susceptible to Addenda
Primary Water Stress Corrosion Cracking
N-853-1 PWR (lass 1 Primary Piping Alloy 600 Full Penetration Branch 1995 Edition with the 1996 2021 Edition
Connection Weld Metal Buildup for Material Susceptible to Addenda
Primary Water Stress Corrosion Cracking
N-854 Alternative Pressure Testing Requirements for Class 2 and 3 2001 Edition with the 2003 2013 Edition
Components Connected to the Class 1 Boundary Addenda
N-858 Alternative Volumetric Coverage Requirements for Ultrasonic 1998 Edition with the 2000 2021 Edition
Examination of Class 1 Nozzle-to-Vessel Welds Edition
N-860 Inspection Requirements and Evaluation Standards for Spent 2010 Edition with the 2011 2021 Edition
Nuclear Fuel Storage and Transportation Containment Addenda
Systems
N-864 Reactor Vessel Threads in Flange Examinations 1998 Edition 2021 Edition
N-865 Alternative Requirements for Pad Reinforcement of Class 2 and 1998 Edition 2021 Edition [see Guideline for

3 Atmospheric Storage Tanks

xliv

Cross-Referencing Section XI,
Table 1, General Note (a)]
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FTOI

Up 1o anmd Inmchuding

N-865-1

N-865-2

N-867

N-868

N-869

N-871

N-871-1

N-873

N-874

N-875

N-876

N-877

N-877-1

N-878

N-880

N-880-1

N-882

N-882-1

N-885

N-885-1

N-888

N-888-1

N-889

N-890

N-892

Alternative Requirements for Pad Reinforcement of Class 2 and 1998 Edition

3 Atmospheric, and 0 psi to 15 psi (0 kPa to 100 kPa), Storage

Tanks

Alternative Requirements for Pad Reinforcement of Class 2 and 1998 Edition

3 Atmospheric, and 0 psi to 15 psi (0 kPa to 100 kPa), Storage

Tanks

Clarification of NDE Practical Examination Requirements
Third-Party NDE Certification for Non-U.S. Plant Sites
Evaluation Criteria for Temporary Acceptance of Flaws in Class

2 or 3 Piping

Repair of Buried Class 2 and 3 Piping Using Carbon
Fiber-Reinforced Polymer Composite

Repair of Buried Class 2 and 3 Piping Using Carbon
Fiber-Reinforced Polymer Composite

Examination Requirements for the Core Makeup Tanks

Temporary Acceptance of Leakage Through Brazed Joints of
Class 3 Copper, Copper-Nickel, and Nickel-Copper Moderate

Energy Piping

Alternative Inservice Inspection Requirements for Liquid-Metal
Reactor Passive Components

Austenitic Stainless Steel Cladding and Nickel Base Cladding
Using Ambient Temperature Automatic or Machine Dry
Underwater Laser Beam Welding (ULBW) Temper Bead

Technique

Alternative Characterization Rules for Multiple Subsurface
Radially Oriented Planar Flaws
Alternative Characterization Rules for Multiple Radially

Oriented Planar Flaws

Alternative to QA Program Requirements of IWA-4142

Alternative to Procurement Requirements of IWA-4143 for
Small Nonstandard Welded Fittings

Alternative to Procurement Requirements of IWA-4143 for
Small Nonstandard Welded Fittings

Alternative Requirements for Attaching Nonstructural Electrical
Connections to Class 2 and 3 Components.

Alternative Requirements for Attaching Nohstructural Electrical
Connections to Class 2 and 3 Components

Alternative Requirements for Table. IWB-2500-1, Examination
Category B-N-1, Interior of.Réactor Vessel, Category B-N-2,
Welded Core Support Structures and Interior Attachments to
Reactor Vessels, Category B-N-3, Removable Core Support

Structures

Alternative Requirements for Table IWB-2500-1, Examination
Category B-N-I; Interior of Reactor Vessel, Category B-N-2,
Welded Core Support Structures and Interior Attachments to
ReagtorVessels, Category B-N-3, Removable Core Support

Structures

Similar and Dissimilar Metal Welding Using Ambient
Temperature SMAW or Machine GTAW Temper Bead

Technique

Similar and Dissimilar Metal Welding Using Ambient
Temperature SMAW or Machine GTAW Temper Bead

Technique

Reference Stress Corrosion Crack Growth Rate Curves for
Irradiated Austenitic Stainless Steels in Light Water Reactor

Environments

Materials Exempted From G-2110(b) Requirement

Alternative Requirement for Form OAR-1, Owner’s Activity

1995 Edition

1995 Edition

1995 Edition with the 1996
Addenda

1998 Edition

1998 Edition

1998 Edition
1995 Edition with the 1996
Addenda

1995 Edition

1995 Edition with the1996
Addenda

1998 Edition

1998 \Edition

1998 Edition with the 2000
Addenda

1998 Edition with the 2000
Addenda

1998 Edition with the 2000
Addenda

1995 Edition with the 1996
Addenda

1995 Edition with the 1996
Addenda

1982 Edition

1992 Edition

2001 Edition with the 2003
Addenda

2001 Edition with the 2003
Addenda

1995 Edition

1986 Edition with the 1987

Addenda
1995 Edition

2021 Edition [see Guideline for
Cross-Referencing Section XI,
Table 1, General Note (a)]

2021 Edition [see Guideline for
Cross-Referencing Section XI,
Table 1, General Note (a)]"

2015 Edition

2021 Edition

2021 Edition

2021 Edition

2021 Edition

2017 Edition

2021 Edition

2021 Edition

2021 Edition

2021 Edition
2021 Edition
2019 Edition
2021 Edition
2021 Edition
2021 Edition
2021 Edition

2021 Edition

2021 Edition

2021 Edition

2021 Edition

2021 Edition

2017 Edition

2017 Edition

Report, Completion Time
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No Tite FIOm Up 1o amd Including

N-892-1 Alternative Requirement for Form OAR-1, Owner’s Activity 1995 Edition 2017 Edition
Report, or Inservice Inspection Summary Report

N-896 Reference Crack Growth Rate Curves for Stress Corrosion 1998 Edition 2021 Edition
Cracking of Low Alloy Steels in Boiling Water Reactor
Environments

N-897 Analytical Evaluation Procedures for Axial Flaws in 2007 Edition 2021 Edition
Partial-Penetration Nozzle Welds

N-899 Weld Residual Stress Distributions for Piping and Vessel Nozzle 1995 Edition 2021 Edition
Butt Welds Fabricated With UNS N06082, UNS W86182, UNS
N06052, or UNS W86152 Weld Filler Metal

N-906 Flaw Evaluation Procedure for Cast Austenitic Stainless Steel =~ 2004 Edition 2021 Edition
Piping and Adjacent Fittings

N-909 Reference Primary Water Stress Corrosion Crack Growth Rate 2007 Edition with the 2009 2021 Edition
Curves for Alloy 690 Materials and Associated Weld Materials ~ Addenda
Alloys 52, 152, and Variant Welds Exposed to Pressurized
Water Reactor Environments

N-909-1 Reference Primary Water Stress Corrosion Crack Growth Rate 2007 Edition with the 2009 2023 Editiod
Curves for Alloy 690 Materials and Associated Weld Materials ~ Addenda
Alloys 52, 152, and Variant Welds Exposed to Pressurized
Water Reactor Environments

N-911 Purchase, Exchange, or Transfer of Material Between Nuclear 2004 Edition with the 2006~ »2021 Edition
Owners Addenda

N-912 Alternative Requirements for Qualification of Material Suppliers 2007 Edition 2021 Edition
and Acceptance of Materials

N-913 Alternative Examination Requirements for Class 1 2007 Edition 2021 Edition
Pressure-Retaining Welds in Control Rod Drive Housings

N-917 Fatigue Crack Growth Rate Curves for Ferritic Steels in Boiling 1998 Edition 2021 Edition
Water Reactor (BWR) Environments

N-921 Alternative 12-yr Inspection Interval Duration 2007, Edition with the 2008 2021 Edition

Addenda

N-922 Alternative Requirements for Application of Structural Factors 42004 Edition 2021 Edition
to Secondary Stresses for Analytical Evaluation of Flaws_id
Piping in Accordance With IWB-3644, IWC-3644, or,
IWD-3644

N-923 Mechanical Piping Joints 2001 Edition with the 2003 2021 Edition

Addenda

N-925 Pressure Testing of Class 2 and 3 Items Following Repair or 2001 Edition with the 2003 2021 Edition
Replacement Activities Addenda

N-926 Alternative Examination Requirementstfor Unbonded 1998 Edition with the 2000 2021 Edition
Post-Tensioning Systems of Class ‘€@ Components Addenda

N-930 Alternative Experience Requirenients for Nondestructive 2007 Edition 2021 Edition
Examination Personnel fox Ultrasonic Examination

NOTES:

(1) Applies to the 1974 Edition“of.Section V.
(2) Applies to the 1974 Edition/with the Winter 1976 Addenda of Section V.
(3) Applies to the 1980 Edition of Section V.
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GUIDELINE FOR CROSS-REFERENCING SECTION XI CASES

1 GENERAL

Table 1 applies to Cases listed in the General Note (a) at the bottom of the table. If a Case is not listed iy "the General
Note (a), Table 1 does not apply.

1.1 Purpose. Table 1 provides the user of Cases a tool to identify the appropriate references irta Section XI Edition or
Addenda, different from the one on which the Case is based. This allows management of the applicability of various Cases
without having to revise the Cases.

1.2 How to Use the Table. Locate the column with the Section XI Edition or Addenda-on which the Case is based.
Move down that column to the reference in question. Follow that row to the column 'with the Edition or Addenda on
which the Owner’s current Section XI program is based. The appropriate reference for the program Edition or Addenda
is the intersection of the reference row and the program Edition or Addenda(column.

EXAMPLE: Using Case N-666-1. Case N-666-1 references are based on the\2004 Edition; however, the program is based
on the 1998 Edition.

To use Table 1 in this situation, first find the column containing the/Edition or Addenda on which the Case is based.
Case N-666-1 is based on the 2004 Edition. Move down that columnto the row containing the reference in question. For
this example, use IWA-6300. Move across that row to the coluthn containing the program Edition or Addenda. In this
example the program uses 1998 Edition. The reference in the intersection of the row with IWA-6300 and the column
for the 1998 Edition is “IWA-6300 and IWA-4180.” To use‘this Case with the 1998 Edition of Section XI, the user would
refer to both IWA-6300 and IWA-4180 for requirements.

(23)
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CASE

2996-1

Approval Date: July 15, 2020

Code Cases will remain available for use until annulled by the applicable Standards Committee.

Case 2996-1

Extension of Joining Personnel's Qualification
Continuity

Section I; Section IV; Section VIII, Division 1; Section VIII,
Division 2; Section VIII, Division 3; Section IX; Section
Xll; Section Ill, Division 1; Section Ill, Division 2; Section
Ill, Division 3; Section Ill, Division 5; Section XI, Division
1, B31

Inquiry: Under what conditions may an organization ex-
tend the qualification continuity of joining personnel?

Reply: 1t is the opinion of the Committee that the qual-
ification continuity of joining personnel who have experi-
enced an employment interruption due to the COVID-19
outbreak may be extended an additional three months be-
yond that allowed by QW-322, QB-322, and QF-332, pro-
vided the following requirements are met:

" *Corrected by errata, ASME BPVC.CC.BPV.S1-2021, September 2021.

(a) The qualification was valid at the time of the em-
ployment interruption.

(b) The qualification was scheduled to expire during
the employment interruption.

The latest date the joining personnel’uses the process
within the extended period will be the new date for con-
tinuity purposes. QW-322:1b), QB-322(b), and
QF-322.1(b) shall still apply~for the joining personnel
whose continuity has been“extended. The provisions of
this Case will expire three-months after the approval date.

This Case number-shall be shown in the joining person-
nel’s continuity report.

The Committee’s function is to establish rules of safety, relating only to pressure integrity, governing the construction of boilers, pressure vessels, transport
tanks and nuclear components, and inservice inspection for pressure integrity of nuclear components and transport tanks, and to interpret these rules when

standards, laws, regulations or other relevant documents.

questions arise regarding their intent. This Code does not address other safety issues relating to the construction of boilers, pressure vessels, transport tanks
and nuclear components, and the inservice inspection of nuclear components and transport tanks. The user of the Code should refer to other pertinent codes,

1(2996-1)
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CASE

N-4-13

Approval Date: February 12, 2008

Code Cases will remain available for use until annulled by the applicable Standards Committee.

Case N-4-13

Special Type 403 Modified Forgings or Bars, Class 1 and
cs

Section Ill, Division 1

Inquiry: May Special Type 403 Modified forgings or
bars be used in the construction of Section III, Class 1
and CS components in accordance with Section III, Divi-
sion 1, and what special requirements apply to this
material?

Reply: 1t is the opinion of the Committee that Special
Type 403 Modified forgings or bars may be used for Sec-
tion III Class 1 and CS components, and the following spe-
cified special requirements apply in addition to the
applicable requirements specified in Section III.

Steel forgings or bars (AISI Type 403 Modified) con-
forming to the following chemical analysis, having speci-
fied minimum mechanical properties shown below, and
complying with the specified additional requirements
may be used in the construction.

(a) Chemistry

(AISI Type 403 Modified)

Percent

Carbon 0.06 to 6,13
Manganese 0.25 t0,0.80
Phosphorus, max. 0.03

Sulfur, max. 0:03
Chromium 11.50 to 13.00
Nickel, max. 0.50

Silicon, max. 0.50

temperature, and then tempered 1,125°F (605°C) mini-
mum for 4 hr. Mechanical properties for Condition-¥ma-
terial shall conform to the following requirements.

Conditiom\1/ksi (MPa)

Tensile strength, min. 1107(760)
Yield strength, min. 90 (620)
Elongation in 2 in., min. 16%
Reduction in area, min. 50%

Brinell Hardness 226 to 277 or equivalent

Condition 2 material shall be given an austenitizing
heat treatment, folloWed by air cooling or quenching in
liquid media, salt bath, or oil and air cooled to room tem-
perature, and_then tempered at 1,250°F (675°C) mini-
mum. Mechanital properties for Condition 2 material
shall conform to the following requirements.

Condition 2, ksi (MPa)

Tensile strength, min. 100 (690)
Yield strength, min. 80 (550)
Elongation in 2 in., min. 15%
Reduction in area, min. 45%

(b) Mechanical properties in the annealed condition as
received shall conform to the following requirements:

ksi (MPa)
Tensile strepgth,-min. 70 (480)
Yield strengthymin. 40 (275)
Elongatien/in 2 in., min. 22%
Reduction of area, min. 50%

(c) Condition 1 material shall be given an austenitizing
heat treatment, followed by air cooling or quenching in
liquid media, salt bath, or oil and air cooled to room

Toughness requirements shall be per NB-2300 for Class
1, and NG-2300 for Class CS, except that the drop-weight
tests are not required. The acceptance standards of
NB-2332 or NG-2331 and NG-2332 shall apply.

(d) The material shall conform to all other require-
ments of SA-182 Grade F6a for forgings, and SA-276 Type
403 for bars.

(e) The maximum operating temperature shall not ex-
ceed 700°F (370°C).

(f) Design stress intensity, yield, and tensile strength
values as shown in Tables 1 and 2 for the heat-treated
condition may be used when the material has enhanced
properties due to the special heat treatment described
in (c) above.

(g) Where the method of fabrication requires welding
after heat treatment, it shall be done by applying austeni-
tic stainless steel or nickel alloy weld deposits prior to
heat treatment and only on regions designed to the design
stress intensity values in Table 1 for annealed properties.
The minimum thickness of this weld shall be 3 in.
(5 mm) and the maximum % in. (13 mm). Such weld de-
posits shall be liquid penetrant examined. Attachments to

The Committee’s function is to establish rules of safety, relating only to pressure integrity, governing the construction of boilers, pressure vessels, transport
tanks and nuclear components, and inservice inspection for pressure integrity of nuclear components and transport tanks, and to interpret these rules when

standards, laws, regulations or other relevant documents.

questions arise regarding their intent. This Code does not address other safety issues relating to the construction of boilers, pressure vessels, transport tanks
and nuclear components, and the inservice inspection of nuclear components and transport tanks. The user of the Code should refer to other pertinent codes,

1 (N-4-13)
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CASE (continued)

N-4-13

these weld deposits may be made austenitic stainless or
nickel alloy welds subsequent to heat treatment, and

ASME BPVC.CC.NC-2023

the thickness shall not exceed that of the previously de-
posited weld. No welding on the ferritic base metal is per-
mitted after heat treatment, and no welding is permitted
at any time in the regions designed to allowable stresses
higher than those given in Tables 1 and 2 for annealed
properties. All welding shall meet the requirements of
Section IX except that the tests shall be made after final
heat treatment of the specimen, and longitudinal bend
test specimen of QW-160, Section IX, may be used.

(h) For Class 1 construction, machined transitions be-
tween adjoining heavy and thin-walled sections shall con-
sist of a taper of at least 3 to 1, with a radius at each end of
at least twice the thickness of the thin wall. It is not the
intent of this paragraph to eliminate integral flanges or
other similar configurations, but to provide a control on
machined transitions similar to that provided by
NB-3361 for welded configurations.

(i) All heat-treated parts shall be examined for quench
cracks by a liquid penetrant method. All cracks shall be
removed, and a crack which cannot be removed within
the minimum required thickness of the shell is cause for
rejection.

(j) For material heat treated Condition 1, hardness
checks shall be made after heat treatment at not more
than 5 ft intervals, with a minimum of three different lo-
cations representing approximately the center and each
end. The average of individual hardness readings at each
location shall not be less than 226 Brinell or more than
277 Brinell or equivalent.

(k) Fatigue evaluation with these materials shall be in
accordance with NB-3222.4 for Section IlI, Class l.design
and NG-3222.4 for Section IlI, Class CS using the design
fatigue strength curves of Tables 1-9.0.

() This Case number shall be identified itrthe marking
of the material, on the certification for the'material and on
the Data Report Form for the component.

Table 1
Design Stress Intensity Values for Type 403
Modified Material Class 1 and CS
Components

Heat Treated

Annealed Condition 1 Condition 2
Design Stress Design Stress Design Stress

Temperature Intensity S,,,, Intensity S,,, Intensity 5},

(°F) ksi ksi ksi
-20 to 100 23.3 36.7 33.3
200 23.3 36.7 33.3

300 229 35.9 32.7

400 22.5 35.3 321

500 22.1 34.8 31.6

600 21.6 3319 30.8

650 21.2 333 30.2

700 20.6 32.4 29.5

Table 1M

Design Stress-intensity Values for Type 403
Modified Material Class 1 and CS
Components

Heat Treated

Annealed Condition 1 Condition 2

Design Stress  Design Stress  Design Stress

Temperature Intensity S,,,, Intensity S,,, Intensity S,,,
(°C) MPa MPa MPa
-30 to 40 161 253 230
65 161 253 230
100 161 253 230
125 160 251 228
150 158 248 225
200 155 244 222
250 153 240 219
300 150 236 214
325 148 232 211
350 145 228 207
375[Note (1)] 142 223 202

NOTE:

(1) The maximum operating temperature is 370°C, the value listed
at 375°C is provided for interpolation purposes only.

2 (N-4-13)
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CASE (continued)

ASME BPVC.CC.NC-2023 N -4- 13

Table 2
Yield and Tensile Strength Values for Type 403 Modified Material Class 1 and CS Components

Material Condition

Annealled Condition 1 Condition 2
Tensile Yield Tensile
Temperature Yield Strength, Tensile Yield Strength, Strength, Strength, Strength,
(°F) (ksi) Strength, (ksi) (ksi) (ksi) (ksi) (ksi)
-20 to 100 40.0 70.0 90.0 110.0 80.0 100.0
200 36.8 70.0 82.8 110.0 73.6 100.0
300 35.5 68.6 79.9 107.8 71.0 98.0
400 349 67.4 78.5 105.9 69.8 96.3
500 34.4 66.4 77.4 104.3 68.8 94.8
600 33.7 64.7 75.8 101.7 67.4 92.5
650 33.1 63.5 74.5 99.8 66.2 90.7
700 324 61.9 72.8 97.3 647 88.4
750 31.4 59.9 70.7 94.2 62.8 85.6
800 30.2 57.5 68.0 90.4 60.4 82.1
850 28.8 54.6 64.8 85.9 57.6 78.0
900 271 51.3 61.0 80.7 54.2 73.3
950 25.2 47.6 56.6 74.8 50.3 68.0
1,000 23.0 43.5 51.7 68.3 45.9 62.1
Table’2M

Yield and Tensile Strength Values for Type 403 Modified Material Class 1 and CS Components

Material Condition

Annealled Condition 1 Condition 2
Tensile Tensile Yield Tensile
Temperature Yield Strength, Strength, Yield Strength, Strength, Strength, Strength,
(°C) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa)

-30 to 40 276 483 621 758 552 689
65 261 483 587 758 522 689
100 252 483 567 758 504 689
125 248 479 558 752 496 684
150 245 473 551 743 490 675
175 242 469 546 736 485 669
200, 241 465 542 731 482 665
225 239 462 538 726 479 660
250 238 459 535 721 476 656
275 236 455 531 715 472 650
300 234 450 526 707 468 643
325 231 444 520 697 462 634
350 227 435 511 684 454 622
375 222 425 500 668 445 607
400 216 412 487 648 433 589
425 209 398 470 625 418 568
450 200 380 450 597 400 543
475 190 360 428 566 380 514
500 178 338 402 531 357 482
525 165 313 372 492 331 447
550 151 286 340 450 302 409
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CASE

N-60-6

Approval Date: December 6, 2011

Code Cases will remain available for use until annulled by the applicable Standards Committee.

Case N-60-6
Material for Core Support Structures
Section Ill, Division 1

Inquiry: What materials, in addition to those listed in
Tables 2A and 2B, Section II, Part D, Subpart 1, may be
used for core support structures constructed to the re-
quirements of Subsection NG of Section IlI, Division 1?

Reply: 1t is the opinion of the Committee that the mate-
rials and stress intensity values listed in Table 1 may be
used in the construction of core support structures in ad-
dition to those listed in Tables 2A and 2B, Section II, Part
D, Subpart 1. The following additional requirements shall
be met.

(a) All other requirements of Subsection NG of Section
I11, Division 1, shall be met.

(b) Strain hardened SA-479 shall be identified with this
Case number.

(c) Where welds are applied to strain hardehed materi-
al, the stress intensity in the sections(of the material
where the temperatures during welding exceed 800°F
(425°C) shall not exceed values for‘ahnealed materials.

(d) Yield strength values are’listed in Table 2.

(e) Tensile strength valueSyate listed in Table 3.

(f) Chemical composition‘for Ni-Cr-Fe, SB-637 Types 1
and 2 is listed in Table 4:

(g) Heat treatments' for Ni-Cr-Fe, SB-637 Grade 718
Type 2 are listed in~Table 5.

(h) Room témperature mechanical properties for Ni-
Cr-Fe, SB-637 Grade 718 Type 2 are listed in Table 6.

The Committee’s function is to establish rules of safety, relating only to pressure integrity, governing the construction of boilers, pressure vessels, transport
tanks and nuclear components, and inservice inspection for pressure integrity of nuclear components and transport tanks, and to interpret these rules when

standards, laws, regulations or other relevant documents.

questions arise regarding their intent. This Code does not address other safety issues relating to the construction of boilers, pressure vessels, transport tanks
and nuclear components, and the inservice inspection of nuclear components and transport tanks. The user of the Code should refer to other pertinent codes,

1 (N-60-6)
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Table 4
S$SB=-637 Types Iamd 2 Chemitat Requirements

Element Percent
Carbon 0.020 - 0.060
Manganese 1.00 max.
Silicon 0.50 max.
Phosphorus 0.008 max.
Sulfur 0.003 max.
Chromium 14.50 - 17.00
Cobalt 0.050 max.
Columbium +
Tantalum 0.70 - 1.20
Titanium 2.25 - 275
Alumunium 0.40 - 1.00
Boron 0.007 max.
Iron 5.00 - 9.00
Copper 0.50 max.
Zirconium 0.050 max.
Vanadium 0.10 max.
Nickel 70.00 min.

Table 5
SB-637 Heat Treatment
Solution Annealing Precipitation Hardening

Grade 718 Type 2
1,850°F to 1,922°F, hold 1 to 2 hr, cool 1,300°F + 15°F, hold 6 hr +1hr

by water or oil quenching -0 min., air cool
Table 6
SB-637 Grade 718 Type 2 Mechanical
Properties
Property U.S. Customary Metric
Yield Strength (ksi/MPa) 100 689
Tensile Strength (ksi/MPa) 160 1103
Elongation in 2 in. % 20
Reduction of Area % 20
Hardness 267 - 363 HBW
27 - HRC

10 (N-60-6)
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CASE

N-62-7

Approval Date: May 11, 1994

Code Cases will remain available for use until annulled by the applicable Standards Committee.

Case N-62-7
Internal and External Valve Items, Classes 1, 2, and 3
Section Ill, Division 1

Inquiry: Under what rules shall line valve items other
than valve bodies, valve bonnets, valve items welded to
valve bodies and bonnets and bolting which joins valve
bodies and bonnets be constructed? Also, what alternate
rules may be used for Class 1 valve items, such as (a) disks
covered by NB-3546.2 and (b) stems covered by
NB-3546.3(a) of Section III?

Reply: 1t is the opinion of the Committee that internal
and external valve items for Section III, Class 1, 2, and 3
line valves may be constructed in accordance with the fol-
lowing rules.

1 INTRODUCTION

1.1 These rules apply to materials, design, fabricatioh,
inspection and examination of internal and externalvalve
items for Class 1, 2, and 3 line valves. Internal and ‘exter-
nal valve items are those items of a valve otherthan valve
bodies, valve bonnets, valve items welded te valve bodies
and bonnets (but not including internal’permanent at-
tachments), and bolting which joins valve bodies and bon-
nets. As an alternative to the requiréments of Section III,
internal permanent attachments;‘disks, and those valve
items covered by NB-3546.3(a) may be constructed in ac-
cordance with the requirements of this Case.

1.2 Category as used hierein is the grouping of various
internal and external-valve items for the purpose of ap-
plying the rules‘ef this Case. Categories for typical valve
types are shown in Figures 1 through 10. The figures
are not to(scale, and are not intended to convey any pre-
ference for valve type or design, but are provided as a
guidé to the Manufacturer to identify the various internal
and external items of a valve for categorization. In deter-
mining categories for valve items of valve types not spe-
cifically illustrated, a valve or valve detail which is most
nearly representative shall apply. Categories 1 and 2 are
those valve items presently covered by Subsections NB,

NC, and ND. Categories 3 through 8 are internal and exter-
nal valve items which may be constructed in accordance
with this Case. See Table 1.2-1.

2 GENERAL REQUIREMENTS
2.1 RESPONSIBILITIES AND DUTIES

It is the responsibility of the-Vialve Manufacturer to as-
sign each valve item of a valve to the proper category and
to indicate the categories in the Design Report and/or on
a general assembly drawing.

2.2 Category 3 through 8 items for Class 1, 2 and 3
valves shall be manufactured under the Valve Manufac-
turers Quality*Assurance Program or Quality Control Sys-
tem, as dpplicable, except that Material Manufacturers or
material suppliers for Category 4 through 8 valve items
are.ot required to comply with NCA-3800.

2.3 The Design Report for Class 1 valves (NB-3562)
shall include an analysis of the primary stresses for Cate-
gory 3, 4, 5, and 6 items (see 4).

2.4 Use of this Case number shall be shown on the ap-
plicable Data Report Form.

3 MATERIALS

3.1 GENERAL REQUIREMENTS FOR MATERIALS

3.1.1 Scope of Principal Terms Employed. The term
material as used in this Case applies to those valve items
produced to material specifications permitted by Section
I1I, and other material permitted by this Case.

3.1.2 Permitted Material Specifications

(a) Materials used for Category 3 and 4 valve items
shall conform to the requirements of one of the specifica-
tions for materials given in Table 3.1.2-1 of this Case for
Class 1, 2, and 3 valves; materials listed in Tables 1A,
1B, and 3, Section II, Part D, Subpart 1, for Class 1 and 2
valves; materials listed in Tables 1A, 1B, and 3, Section
I1, Part D, Subpart 1, for Class 3 valves; and to the special
requirements of this Case which apply to the valve item

The Committee’s function is to establish rules of safety, relating only to pressure integrity, governing the construction of boilers, pressure vessels, transport
tanks and nuclear components, and inservice inspection for pressure integrity of nuclear components and transport tanks, and to interpret these rules when

standards, laws, regulations or other relevant documents.

questions arise regarding their intent. This Code does not address other safety issues relating to the construction of boilers, pressure vessels, transport tanks
and nuclear components, and the inservice inspection of nuclear components and transport tanks. The user of the Code should refer to other pertinent codes,

1 (N-62-7)
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for which the material is used. All of the requirements of
the material specification and of this Case shall be

ASME BPVC.CC.NC-2023

temperature tensile and yield strengths shown in the
table. (The listed values are allowable stress values and

satisfied.

(b) Materials used for Category 6 valve items shall con-
form to the requirements of one of the specifications for
materials listed in Tables 1A, 1B, and 3, Section II, Part
D, Subpart 1, for Class 1 and 2 valves, and materials listed
in Tables 1A, 1B, and 3, Section II, Part D, Subpart 1, for
Class 3 valves.

(c) Category 5, 7, and 8 valve items may be made from
any material suitable for the intended service. Considera-
tion shall be given to stress relaxation when selecting ma-
terials for Category 5 items.

(d) The Valve Manufacturer shall provide a list which
identifies the material used for each Category 3, 4, 5, 6,
7, or 8 valve item. This list may be a bill of materials or
a separate list.

(e) Where the tensile strength, yield strength, hard-
ness, tempering temperature or aging temperature listed
in Table 3.1.2-1 differs from the requirements of the ma-
terial specification, the minimum requirements listed in
Table 3.1.2-1 shall apply.

3.1.3 Special Requirements Conflicting with Per-
mitted Material Specifications.

(a) Special requirements stipulated in this Case shall
apply in lieu of the requirements of the materials specifi-
cations wherever the special requirements conflict with
the material specification requirements. Where the
special requirements include an examination, test, or
treatment which is also required by the materials specifi-
cation, the examination, test, or treatment need be per-
formed only once. Any required nondestructive
examinations shall be performed as specifiedgdn 5.3. Any
examination, repair, test, or treatment required by the
material specification or this Case may.be performed by
the Material Manufacturer or the Valve Manufacturer.
The Material Manufacturer shall obtain approval from
the Valve Manufacturer for the 'weld repair of materials
(5.4).

(b) For materials listed in Table 3.1.2-1 for Category 3
and 4 valve items, the tensile test requirements of the ma-
terial specificationsmay be performed on representative
samples of each heat of material used, for each specified
heat treatment..The tensile strength, yield strength, and
hardness results shall meet or exceed the minimum spe-
cified yalues listed in the table. Where the material will
be used\to fabricate various valve item sizes in different
heat_treated thicknesses, the Manufacturer shall assure
himself that the heat treatment specified will be effective
for the entire size range.

3.1.4 Allowable Stress Values. Allowable Stress Val-
ues, S, are listed in Table 3.1.2-1 of this Case or Tables 1A,

are not design stress intensity values.)

3.1.5 Certification of Materials

(a) Materials for Category 3 and 4 valve items, includ-
ing all welding and brazing materials shall be certified
in accordance with NA-3767.4 of Section III. Copies of
all Certified Material Test Reports shall be made available
to the Inspector.

(b) For Category 5 and 6 valve items, a Certificate of
Compliance with the Material Specification, Gtade, Class
and heat treated condition, as applicable, shall be
provided.

(c) Certified Material Test Reports\or Certificates of
Compliance are not required for_Cdtegory 7 and 8 valve
items.

3.1.6 Welding, Brazing-and Hardsurfacing Materi-
als. All welding and brazing materials used on Category
3 and 4 valve items shall meet the requirements of
NB-2400. Hardsurfacing materials shall meet the require-
ments of AWS-A5:13 or as otherwise specified by the
Valve Manufacturer (5.6.2).

3.1.7 <Material Identification
3.1.Z31" Class 1 and 2 Valve Items

(a) The identification of materials for Category 3 and 4
valve items used for Class 1 and 2 valves shall consist of
marking or tagging the material with the applicable spec-
ification number, grade, heat number, or heat code and
any additional marking required to facilitate traceability
of the reports of the results of all tests and examinations
performed on the material, except that heat number iden-
tification is not required for valves with piping connec-
tions NPS 2 and less. Alternatively, a marking symbol
and/or code may be used which identifies the material
with the Material Certification and such symbol or code
shall be explained in the certificate (3.1.5). For identifica-
tion and marking during fabrication by the Valve Manu-
facturer, see 5.2.

(b) The identification of materials for Category 5, 6, 7,
and 8 valve items used for Class 1 and 2 valves shall con-
sist of marking or tagging the material or its container in
accordance with the marking requirements of the applica-
ble material specification.

(c) Materials may be marked by any method which will
not result in any harmful contamination or sharp discon-
tinuities. Stamping, when used, shall be done with blunt-
nosed-continuous or blunt-nosed-interrupted-dot die
stamps.

3.1.7.2 Class 3 Valve Items. The identification of ma-
terials for Category 3 through 8 valve items used for Class

1B and 3 Section - PartD Subpart1 1312211 Egor
7 7 7 7 I POLEETETECTIIT

Table 3.1.2-1, the allowable stress values are based on
trend curves adjusted to the minimum specified room

3 valves shall consist of marlzing the material or its con

tainer in accordance with the requirements of the applica-
ble material specification.
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3.1.7.3 Welding, Brazing and Hardsurfacing Materi-
al Identification. Welding, brazing, and hardsurfacing

materials shall be clearly identified by legible marking
on the package or container to ensure positive identifica-
tion of the material.

3.2 FRACTURE TOUGHNESS REQUIREMENTS FOR
MATERIALS

3.2.1 Materials to Be Impact Tested

3.2.1.1 Materials for Which Impact Testing Is Re-
quired. Materials for Category 3 valve items for Class 1
valves and for Class 2 and 3 valves when required by
the design specification shall be impact tested in accor-
dance with the requirements of 3.2, except that materials
meeting any of the following conditions do not require
impact testing.

(a) Materials with a nominal section thickness of g in.
and less;

(b) Bars with a nominal cross-sectional area of 1 sq in.
and less;

(c) All thicknesses of materials for valves with a nom-
inal pipe size 6 in. diameter and smaller;

(d) Materials for valves with all pipe connections of
5/8 in. nominal wall thickness and less;

(e) Austenitic stainless steels;

(f) Nonferrous materials.

3.2.2 Impact Test Procedure

3.2.2.1 Charpy V-Notch Tests. The Charpy V-Notch
test shall be performed in accordance with SA-370, Spec-
imens shall be in accordance with SA-370, Fig. 11Type A.
A test shall consist of a set of 3 full-size 10 x 10\mm spec-
imens. The test temperature, lateral expansion, absorbed
energy, and percent shear fracture shall'be reported in
the Certified Materials Test Report.

3.2.2.2 Location and Orientation of Test Specimens.
Impact test specimens shall be temoved from the loca-
tions and orientations specified by the Materials Specifi-
cation for tensile test specimens in each product form.

3.2.2.3 Material Conditions for Impact Testing. Im-
pact testing shall be performed on specimens represent-
ing the condition of the item after final heat treatment
and materjal\ferming operations.

3.2.3 7, Test Requirements and Acceptance Stan-
dards. Three Charpy V-Notch specimens shall be tested
ata temperature equal to or lower than the lowest service
temperature. All three specimens shall meet or exceed
15 mils lateral expansion (0.015 in.). Lowest service tem-
perature is the minimum temperature of the fluid re-
tained by the valve, or, alternatively, the calculated
volumetric average metal temperature expected during
normal operation, whenever the pressure within the

CASE (continued)
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3.2.4 Retests

(’Uj‘ UIIC TELESL dl Lllt‘ SAIIIC LCIHIpCldiUurc 1iidy ‘UC COII=
ducted provided:

(1) the average of the test results meet the minimum
requirements,

(2) not more than one specimen per test is below the
minimum requirements, and

(3) the specimen not meeting the minimum require-
ments is not lower than 5 mils below the speeified
requirements.

(b) A retest consists of two additional specimens taken
as near as practicable to the failed specimens. For accep-
tance of the retest, both specimens shallFmeet the mini-
mum requirements.

4 DESIGN REQUIREMENTS

4.1 GENERAL DESIGN REQUIREMENTS

The requirements of 4 apply to Category 3, 4, 5, and 6
valve items used for’Class 1 valves; Category 3, 4, and 5
valve items used for Class 2 valves; and Category 3 and
4 valve items Used for Class 3 valves. Only Class 1 valve
items forwalves larger than NPS 4 are required to be in-
cluded in'a Design Report.

4.2'DESIGN CONDITIONS

The design pressure and temperature conditions are
defined in 4.2.1 or 4.2.2. The design pressure and tem-
perature for the valve items covered by this Case shall
be determined by either 4.2.1 or 4.2.2.

4.2.1 Design Pressure and Temperature. The design
pressure shall be taken equal to the standard calculation
pressure, ps, according to NB-3545.1. The associated de-
sign metal temperature shall be 500°F and the allowable
stresses of the materials at that temperature shall apply.

4.2.2 Alternative Design Pressure and Tempera-
ture. As an alternative to 4.2.1, the design calculation
pressure may be taken as that pressure corresponding
to the 100°F valve pressure rating for Class 1 values in ac-
cordance with Tables NB-3531-1 through NB-3531-7. The
associated design temperatures shall be 100°F and the al-
lowable stresses of the materials at that temperature shall
apply. For Class 2 and 3 valves, NC-3500 and ND-3500
shall be used for pressure temperature ratings.

4.3 DESIGN COMPUTATIONS

The specific combinations and values of loadings, in-
cluding mechanical loadings, which are considered in
evaluating the primary stresses (4.2) are those antici-
pated during normal operating conditions. When varia-
tions in pressure or temperature in excess of normal
operating conditions are expected to occur, they shall

valve exceeds 20% of the prnr\parafinna] cycfnm hyﬂw\

static test pressure. The lowest service temperature shall
be specified in the Design Specification.

beincluded-in the r]ncign Cpnr‘iﬁraﬁnn_ The actual-me

chanical loads resulting from these conditions shall be
used in the computations made to show compliance with
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the stress limits of 4.3.1, 4.3.2, and 4.3.3. Upset, emer-
gency, and faulted conditions shall be considered and

ASME BPVC.CC.NC-2023

5.3 EXAMINATION OF MATERIALS

shall be in accordance with NB-3520.

4.3.1 Design of Category 3, 4 and 6 Valve Items

4.3.1.1 Stress Limits. The stress limits for materials
for Category 3, 4, and 6 valve items for normal operating
conditions shall be as follows:

(a) The primary-membrane stress shall not exceed the
design allowable stress, S (see 3.1.4).

(b) The primary-membrane plus primary bending
stress shall not exceed 1.5 S.

(c) Localized stresses associated with contact loading
of seating surfaces do not require substantiation by
analysis.

4.3.2 Design of Category 5 Valve Items. The Valve
Manufacturer shall perform an analysis which shall in-
clude stress and fatigue considerations.

4.3.3 Design of Category 7 and 8 Valve Items. This
Case does not specify design rules, stress limits, or analy-
tical requirements for Category 7 and 8 Valve items.

4.4 FATIGUE EVALUATION

For Class 1 valves, when the Design Specification
(NA-3250) includes such operating conditions that the
valve is not exempted from fatigue analysis by the rules
of NB-3222.4(d), it is recommended that consideration
be given to cyclic stress duty.

5 FABRICATION REQUIREMENTS

Category 3 through 8 valve items shall be fabricated in
accordance with the requirements of 5 and:shall be man-
ufactured from materials which meet the requirements
of 3.

5.1 CERTIFICATION OF MATERIALS AND
FABRICATION BY VALVE MANUFACTURER

The Valve Manufacturer shall provide certification that
all treatments, tests, répairs or examinations performed
on valve items arelin\compliance with the requirements
of this Case. Reports of all required treatments and the re-
sults of all required tests, repairs, and examinations per-
formed shall-be maintained in accordance with NA-4900.

5.2.MATERIALS IDENTIFICATION

Material for Category 3 and 4 valve items for Class 1
and 2 valves shall carry identification markings, either di-
rectly on the item or on a separate tag that accompanies
the item, which will remain distinguishable until the item
is assembled in the valve. All other materials shall be

Materials for Category 3, 4, and 5 valve 1tems for Class 1
valves and cast materials for Category 3 valve items for
Class 2 valves with piping connections over NPS 2 shall
be examined by the magnetic particle or liquid penetrant
method in accordance with Section V. In addition, cast
materials for Category 3 valve items and all disks for Class
1 valves with piping connections over NPS 2 shall be ex-
amined by the applicable radiographic or ultrasonic
methods and acceptance standards in accordance with
NB-2500. The examination may be performed by;the Ma-
terial Manufacturer or the Valve Manufacturer.(3:3.1). Ac-
ceptance standards for magnetic particle-and liquid
penetrant examination shall be as folloWs;

(a) Only indications with major.‘dimensions greater
than ¢ in. shall be considered relévant.

(b) The following relevant indications are
unacceptable:

(1) Any linear indications greater than Y4 in. long
for materials less thafi 7/z'in. thick; greater than Y in. long
for materials from 5/8 in. thick to under 2 in. thick; and
%6 in. long for-materials 2 in. thick and greater.

(2) Rounded indications with dimensions greater
than Y, in, for'thicknesses less than 4 in. and greater than
%6 in. forthicknesses g in. and greater.

(3) Four or more indications greater than ¢ in. in a
liné separated by Y in. or less edge to edge.

(4) Ten or more indications greater than Y4 in. in
any 6 sq in. of area whose major dimension is no more
than 6 in. with the dimensions taken in the most unfavor-
able location relative to the indications being evaluated.

Materials for Category 6, 7, and 8 valve items for
Class 1 valves and for Category 3 through 8 valve items
for Class 2 and 3 valves shall be examined in accordance
with the material specification.

5.3.1 Time of Examination. Magnetic particle or lig-
uid penetrant examination shall be performed on the final
surfaces of the items, except that threaded items may be
examined prior to threading. Examinations shall be per-
formed prior to any coating or plating. Lapping of seating
surfaces to reduce leakage or lapping of bearing surfaces
shall not require re-examination. Radiographic or ultraso-
nic examinations of cast materials, when required, shall
be performed in accordance with NB-2577.

5.3.2 Elimination of Surface Defects

(a) Unacceptable surface defects shall be removed by
grinding or machining, provided:
(1) The remaining thickness of the section is not re-
duced below the minimum required by the design;

identified byva-control brocedureas snecified by a3 Ouality
J 1 34 7 | o J ~ J

Assurance program, which ensures that the specified ma-
terials are used.

(2) The denression—after arindinag or machinina is
=J 1 3 4 t=] =] o7

blended uniformly into the surrounding surface and the
depression does not affect the function of the item;
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(3) After grinding or machining, the area is examined
by the method which originally disclosed the defect to as-

CASE (continued)
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(b) Materials listed in Tables 1A, 1B, and 3, Section I],
Part D, Subpart 1, which are repaired by welding shall

sure that the defect has been removed or the indication
reduced to an acceptable size.

(b) If grinding or machining reduces the thickness of
the section below the minimum required by the design,
the item may be repaired in accordance with 5.4.

5.4 REPAIR BY WELDING OF CLASS 1, 2, AND 3
VALVE ITEMS

Category 5 valve items may not be repair welded. Cat-
egory 3, 4, 6, 7, and 8 valve items for Class 1, 2, and 3
valves may be repaired by welding provided the require-
ments of the following subparagraphs are met:

5.4.1 Defect Removal.. The defect shall be removed
or reduced to an acceptable size by suitable mechanical
or thermal cutting or gouging methods and the cavity pre-
pared for repair.

5.4.2 Qualification of Welding Procedures and
Welders

5.4.2.1 Except as permitted in 5.4.2.2, the welding
procedure and welders or welding operators shall be
qualified in accordance with Section IX, and NB, NC,
ND-4000 as applicable.

5.4.2.2 Heat-treated materials listed in Table 3.1.2-1
which are not capable of passing bend tests required by
Section IX for procedure or performance qualificatjion
may be qualified as required for fillet welding in{agcor-
dance with QW-180. In addition, a minimum of two cross
sections of the qualification test plate (assemhly) shall be
ground and etched with a suitable etchant and-visually ex-
amined at 10x magnification. The weld.metal and adja-
cent base material of the ground, and etched cross
sections shall be free of cracks.

5.4.3 Blending of Repaired‘Areas. After repair, the
surface shall be blended inte the surrounding surface.

5.4.4 Examination of Repair Welds. Each repair
weld of materials listed in Table 3.1.2-1, Category 3 and
4 valve items for, Class 1 valves and cast Category 3 valve
items for Class'2-valves, shall be examined by the method
that originally exposed the defect and the finished surface
shall be examined by either the magnetic particle or liquid
penetrant method in accordance with Section V. The ac-
ceptance standards shall be those specified in 5.3(a)
and“5.3(b).

5.4.5 Heat Treatment after Repair.

(a) Materials listed in Table 3.1.2-1, which are repaired
by welding shall be heat treated after repair. Such heat
treatment shall be the heat treatment specified for the fin-
ished item. The heat treatment shall be verified by a hard-

be heat treated after repair in accordance with the heat
treatment requirements of NB, NC, ND-2500.

5.4.6 Repair Weld Report. A record shall be made of
each defect repair of Category 3 and 4 valve items in
which the depth of the repair cavity exceeds the lesser
of % in. or 10% of the section thickness. The record shall
include the location and size of the repaired cavity;’the
welding materials, the welding procedure, the/heat treat-
ment and the examination results.

5.5 INTERNAL PERMANENT ATTACHMENT WELDS

Items which are attached by welding to the internal
surface of the body or bonnet may.be attached by full pen-
etration, partial penetration, opfillet welds. The attach-
ment and weld joint shall méet the design requirements
of 4.

5.6 WELDING REQUIREMENTS

Except as permitted in 5.4.2 and 5.6.1, all welds shall
be made usihg-qualified welding procedures and welders
or welding operators in accordance with Section IX.

5.6,1" Special Welds.. Fillet welds and partial pene-
tration welds Y, in. and less in size may be made in the
fabrication of valve items or between value items where
either of the items is a material listed in Table 3.1.2-1 pro-
vided the procedures and welders are qualified as
follows:

(a) A test assembly shall be made for each combination
of materials to be welded.

(b) The test assembly shall be a duplicate of the produc-
tion weld joint or a groove butt weld Y, in. minimum
thickness.

(c) The test assembly shall be sectioned (a minimum of
four cross sections), ground, etched with a suitable etch-
ant, and visually examined at 10x magnification. All sur-
faces of the weld and adjacent base material(s) shall be
free of cracks.

5.6.2 Hardsurfacing. Hardsurfacing shall be per-
formed using qualified procedures and personnel in ac-
cordance with NB-4380 of Section III.

5.6.3 Examination of Welds. All welds including
hardsurfacing shall be examined by the magnetic particle
or liquid penetrant method in accordance with Section V.
Except for seating surfaces for which all indications shall
be removed, acceptance standards shall be as follows:

5.6.3.1 Acceptance Standards

(a) Only indications with major dimensions greater
than Y in. shall be considered relevant.
(b) The following relevant indications are

ness-test pnrfr\rmnr] onthe item c}‘\nuring hardness

conforming to the minimum hardness value, or equivalent
hardness value, listed in Table 3.1.2-1 for the material.

nnar‘r‘npfnh]n-

(1) Any linear indications greater than ;4 in. long;
(2) Rounded indications greater than ¥ in.;
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(3) Four or more rounded indications greater than
Y.cin. in a line separated by Yi¢ in. or less edge to edge:

ASME BPVC.CC.NC-2023

be in accordance with the postweld heat treatment re-
quirements of NB-4620. Special techniques, such as local

(4) Ten or more rounded indications greater than
Y16 in. in any 6 sq in. of surface with the major dimension
of this area are not to exceed 6 in., with the area taken in
the most unfavorable location relative to the indications
being evaluated.

5.6.4 HEAT TREATMENT OF WELDS

5.6.4.1 Postweld heat treatment of welds which join
materials listed in Tables 1A, 1B, and 3, Section II, Part D,
Subpart 1, shall be in accordance with the postweld heat
treatment requirements of NB-4620.

5.6.4.2 Postweld heat treatment of welds which join
materials listed in Table 3.1.2-1 to materials listed in
Tables 1A, 1B, and 3, Section II, Part D, Subpart 1, shall

postweld heat treatment, may be necessary to avoid chan-
ging the base material properties of the item in locations
not adjacent to the weld.

5.6.4.3 Postweld heat treatment of welds for joining
materials listed in Table 3.1.2-1 shall be in accordance
with the heat treatment specified for the material of the
finished item; i.e., the heat treatment required to obtain
the tensile strength, yield strength, or hardness listed'in
Table 3.1.2-1. For fillet welds and partial penetration
welds Y, in. and less in size, postweld heat tréatment is
neither required nor prohibited.
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Figure 1

Gate Value

Tnnnnnn
T

Key to Figure 1 Key to Figure 1
Cat. Valve Item Name (Typical) Cat. Valve Item Name (Typical)
1 1 Body 7 12 Lifting Stud (Bolt)
2 Bonnet 13 Lifting Nut
11 Lifting Lug 16 Yoke Retaining Nut
3 5 Gate (Wedge) 8 Yoke Nut
6 Stem 19 Gland
26 Gasket Retaining Ring 22 Grease Fitting
4 4 Seat Ring 17 Lock Bolting
21 Guide (when welded to body) 24 Bearings
6 14 Gland Bolt 21 Guide (when mechanically
15 Gland Nut held)
3 Yoke 25 Lifting Plate
18 Gland Flange 8 9 Gasket
20 Hinge Pin 10 Packing
27 Clamp Ring
28 Clamp Ring Bolting

CE?\IE‘D/\I ?\lf\TE- I\‘T

4

7 Handwheel
23 Handwheel Nut
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Figure 2
Globe Valve

Key to Figure 2 Key to Figure 2
Cat. Valve Item Name (Typical) Cat. Valve Item Name (Typical)
1 1 Body 6 10 Yoke (when nonintegral)
2 Bonnet 11 Yoke Cover (Flange)
3 Auxiliary Connection 12 Yoke Cover Bolt
2 4 Bonnet Stud (Bolt) 13 Yoke Cover Nut
5 Bonnet Nut 15 Gland Flange
3 8 Disc 6 Gland Bolt
9 Stem 7 Gland Nut
4 17 Disc Stem Union 16 Hinge Pins
18 Stem Collar
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Figure 2
Gtobe Vatve (Comnt'd)
Key to Figure 2 Key to Figure 2
Cat. Valve Item Name (Typical) Cat. Valve Item Name (Typical)
7 19 Gland 8 27 Gasket
20 Lantern Ring 28 Packing
21 Set Screw-Locking
22 Key
24 Grease Fitting
25 Name Plate
26 Rivet
14 Yoke Nut
23 Washer

GENERAL NOTE: Not included in this Case:

25
26
29
30
31
32

Name Plate
Rivet
Handwheel
Handwheel Nut
Yoke Nut Key
Lock Screw
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athaialia:

Figure 3
Swing Check Valve

N S M
v,
— |
1
|
- 7‘ I
Key to Figure 3
Cat. Valve Item Name (Typical)

1 1 Body

2 Cap
2 12 Cap Bolt Studs

13 Cap Bolt Stud Nuts
3 3 Disc

7 Hinge Pin

4 Hinge
4 15 Seat Ring
6 5 Disc Nut
7 6 Disc Nut Pin
8 16 Disc Washer

14 Cap Ring Gasket

bob b bbbl
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Figure 5
Diaphragm Valve

5 6
4
8
7
2 & NRDIAES
n
=% x 12
Key to Figure 5
Cat. Valve Item Name (Typical)
1 1 Body
3 Bonnet
20 Pipe Plug
2 17 Bonnet Bolting
3 6 Stem
7 Compressor
8 Compressor Pin
7 4 Stem Nut
5 Spacer
8 11 Diaphragm
12 Liner

GENERAL NOTES:
(a) Not in¢luded in this Case:
2 <Handwheel
22 \"\Handwheel Retainer
10* Name Plate
(b) This figure is shown for definition of items only. It is to be used only when this type valve is permitted in Section III, Division 1 construction.
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Figure 6
Plug Valve

Key to Figure 6

Cat. Valve Item Name (Typical)

1 1 Body
5 Cover
14 Vent Plug

2 4 Cover Capscrew

3 2 Plug

6 6 Gland Capscrew
8 Gland

7 7 Stop Collar
10 Grease Fitting
11 Thrust Bearing
13 Bushing

8 3 Cover O-Ring
9 Stem Packing
12 Seat Insert
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Figure 7
Globe Check Valve
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Key to Figure 7

Cat. Valve Item Name (Typical)

1 1 Body
5 Equalizer
6 Pressure Seal Cover
13 Drain Nipple

3 9 Gasket Retainer
2 Disc

6 4 Body Guided Disk Nut

7 3 Locking Key
8 Spacer Ring
10 Cover Retainer Fasteners
11 Cover Retainer Fasteners
12 Cover Retainer

8 7 Pressure Seal Gasket
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Figure 8
Butterfly Valve

® @ G

Key to Figure, 8

Cat. Valve Item Name (Typical)
1 1 Body
2 Shaft Cover
10 Thrust Adjustment Screw
2 3 Shaft Cover Bolting
3 4 Front Shaft
5 Stub Shaft
6 Disk
7 Disc Pin
4 8 Disc Pin Nut
13 Body Liner
20 Clamping Ring
21 Clamping Ring Bolt
22 Clamping Ring Bolt Lock
23 Disc Seat (Metallic)
6 15 Stuffing Box Stud
16 Stuffing Box Nut
7 9 Disc Pin Washer
11 Thrust Adjustment Nut
12 Thrust Adjustment Washer
14 Stuffing Box Gland
17 Shaft Bearing
18 Thrust Bearing
8 23 Disc Seat (Non-Metallic)
24 Packing
25 Gasket
26 0-Ring
27 Retaining Ring
13 Body Liner (Non-Metallic)
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34
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Figure 9
Control Valve
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29

N
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52
49 m
59 |
47
46 >
56 1 54
o - ~ 55
43
44 38
40
41) (36 35 45
Key to Figure 9
Cat. Valve Item Name (Typical)
1 35 Body
49 Bonnet
59 Pipe plug
2 46 Bonnet Stud (Bolt)
47 Bonnet Nut
3 36 Disc (Plug)
39 Disc (Stem)
4 41 Seat Ring
37 Cage (when seat retaining)
5 17 Actuator Spring
55 Packing Spring
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Figure 9

Controt Vatve(Cont'd)

Key to Figure 9

Cat. Valve Item Name (Typical)
6 18 Spring Seat
15 Yoke
60 Yoke Lock Nut
50 Packing Flange
51 Packing Flange Bolt
52 Packing Flange Nut
58 Packing Follower
56 Packing Box Ring
40 Groove Pin
16 Actuator Stem
7 19 Spring Adjustor
20 Stem Connector
20C Stem Connector Cap Screw
23 Nut
24 Jam Nut
37 Cage (when not seatretaining)
8 9 Gasket
42 Gasket
44 Gasket, SpirakWound
45 Gasket, Seat Ring
43 Gasket, Cage
53 Pagking
57 Upper Wiper
38 Piston Ring

GENERAL NOTE: Not Included in this Case:
12 Seal Bushing
13 O-Ring
14  O-Ring
8 Diaphragm Case (Lower)
1 Diaphragm Case (Upper)
2 Diaphragm Case Bolt
3 Diaphragm Case Nut
5 Diaphragm
7 Diaphragm Stud
54  Washer
22 Travel Indicator

27  Travel Indicator Scale

26  Indicator Screw

10  Diaphragm Plate (Lower)
6 Diaphragm Plate (Upper)
11  Snap Ring

29  Name Plate

30  Screw

31 Vent
34  Travel Stop
41A Nut

41B Locknut
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Figure 10

Ball Valve

Key to Figure 10

Cat. ValveJtem Name (Typical)
1 1 Body
2 Bearing Plate
3 Bonnet
2 2A Bearing Plate Bolt
3A Bonnet Stud
3B Bonnet Nut
3 4 Ball
14A Stem
14B Trunion
4 5 Spool/Seat
5 10 Spring
6 13 Gland Flange
4A Gland Bolt
7 6 Spring Retainer
11 Spring Cover
12 Trunion Bearing
8 7 Gasket
8 Spool Packing
9 Trunion Seal
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CASE (continued)

N-62-7

Table 1.2-1
Summmary of Requirenrents
Design Mag. Part./
Report Certified Liq. Penet.
Category No. and Valve| [Note Materials Examina- Impacts Material
Typical Valve Items Class (1)1 Test Report tion Charpy V Identif.
Category 1
Class (all) Subsection NB, NC and ND
Body
Bonnet
Category 2
Bonnet-Bolting Class (all) Subsection NB, NC and ND
Category 3
Class 1 X X X [Note (2)] X X
Discs Stems Class 2 X X [Note (3)] | X [Note (4)} X
Class 3 X X [Note~(4J}*| [Note (5)]
Category 4
Class 1 X X X X
Seat-Rings Class 2 X X
Class 3 X [Note (5)]
Category 5
Class 1 X [Note (6)] X [Note (5)]
Springs Class 2 [Note (6)] [Note (5)]
Class 3 [Note (6} [Note (5)]
Category 6
Class 1 X [Note (6)] [Note (5)]
Yokes Class 2 [Note (6)] [Note (5)]
Gland-Flange Class 3 [Note (6)] [Note (5)]
Gland-Bolts
Category 7
Class 1 [Note (5)]
Lantern-Ring Class 2 [Note (5)]
Gland Class 3 [Note (5)]
Yoke Nut
Grease Fitting
Category 8
Packing
Gaskets Class (all)
Seals
Piston Rings

NOTES:

(1) A Design-Report is required for Class 1 valves larger than 4 in. NPS (NB-3560).
(2) Radiography or ultrasonic examination of cast materials and valve disks for valves over 2 in. NPS is required.

(3) Case materials only.

(4)-When required for the valve per Design Specification.
(5).The quality control system shall cover identification in accordance with 3.1.7.1 and 3.1.7.2.
(6) Material Manufacturer's Certificate of Compliance.
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CASE

N-71-21

Approval Date: January 11, 2021

Code Cases will remain available for use until annulled by the applicable Standards Committee.

Case N-71-21

Additional Materials for Subsection NF, Class 1, 2, 3,
and MC Supports Fabricated by Welding

Section Ill, Division 1

Inquiry: What materials, in addition to those listed in
Section II, Part D, Tables 1A, 1B, 2A, 2B, and Y-1, may
be used for Section III, Division 1, Classes 1, 2, 3, or MC
supports constructed to the requirements of Subsection
NF when the items are fabricated by welding?

Reply: It is the opinion of the Committee that as alterna-
tives to the materials listed in the Tables of Section II, Part
D referenced in Table NF-2121(a)-1, the design stress in-
tensity and allowable stress values, the yield strength, and
the ultimate tensile strength values,” for the material spe-
cifications listed in Table 1 of this Case may be used in
welded construction of Classes 1, 2, 3, and MC supports
for Section III, Division 1. These materials may also be
used for nonwelded construction.

The following additional requirements shall apply.

1 GENERAL REQUIREMENTS

The requirements of Subsection NF shall be.met except
as modified by this Case.

2 MATERIALS
2.1

Welding is not permitted on carbon and low alloy steels
containing more thafi 0:35% carbon.

2.2

When the Material columns in Table 1 reference AISI
grades, only materials meeting the chemical composition
range requirements of the specific AISI grades listed shall
be used, with the exception that 0.60% maXimum silicon
is permitted for castings.

23

Materials in Table 1 that dre:listed as an AISI composi-
tion may be accepted as satisfying the requirements of the
ASTM specification provided the chemical requirements
of the AISI specifieation are within the specified range
of the designated ASTM specification, and certification
of the material shall be in accordance with the require-
ments of NCA=3860.

2.4

When an ASTM specification does not specify either
minimum tensile or yield strengths, the values listed in
this Case shall be met by the material.

25

The material shall be furnished in accordance with the
requirements of NF-2600. Structural steel rolled shapes
and structural tubing permitted by this Code Case may
be repair welded in accordance with NF-2610(e).

2.6

The thickness referenced in this Case is the nominal
thickness of the weld, the base material or the thinner
of the sections being joined, whichever is least. For fillet
welds, the nominal thickness is the throat thickness,

! The tabulated.values of tensile strength and yield strength are those which the Committee believes are suitable for use in design calcula-
tions required by Section I1I, Division 1. At the temperatures above room temperature, the values of tensile strength tend toward an average or
expected valueywhich may be as much as 10% above the tensile strength trend curve adjusted to the minimum specified room temperature
tensile strength. At temperatures above room temperature, the yield strength values correspond to the yield strength trend curve adjusted to
the minimum specified room temperature yield strength. Neither the tensile strength nor the yield strength values correspond exactly to either
“ayérage” or “minimum,” as these terms are applied to a statistical treatment of a homogeneous set of data.

Neither the ASME or ASTM Material Specifications nor the rules of Section III, Division 1, require elevated temperature testing for tensile or
yield strengths of production material for use in Code components. It is not intended that results of such tests, if performed, be compared with
these tabulated tensile and yield strength values for ASME Code acceptance/rejection purposes for materials. If some elevated temperature test
results on production material appear lower than the tabulated values by a large amount (more than the typical variability of material sug-
gesting the possibility of some error), further investigation by retest or other means should be considered.

The Committee’s function is to establish rules of safety, relating only to pressure integrity, governing the construction of boilers, pressure vessels, transport
tanks and nuclear components, and inservice inspection for pressure integrity of nuclear components and transport tanks, and to interpret these rules when

questions arise regarding their intent. This Code does not address other safety issues relating to the construction of boilers, pressure vessels, transport tanks
and nuclear components, and the inservice inspection of nuclear components and transport tanks. The user of the Code should refer to other pertinent codes,
standards, laws, regulations or other relevant documents.
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CASE (continued)

N -71-2 1 ASME BPVC.CC.NC-2023

and for partial penetration welds and material repair 3 CLASSIFICATIONS
welds, the nominal thickness is the depth of weld groove

I'he materials 1n this Case have been grouped 1n
S-Number groupings of base metals similar to the
2.7 P-Number groupings in QW/QB-422, of Section IX.

or weld preparation.

Where impact tests are required by this Case or the De-
sign Specification, impact testing shall be performed in ac-
cordance with NF-2331.

2 (N-71-21)
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4 WELDING QUALIFICATIONS

CASE (continued)

N-71-21

7 EFFECTS OF WELDING

4.1

Welding procedure qualifications, welder and welding
operator performance qualifications for S-Number mate-
rials shall be in accordance with NF-4320 utilizing corre-
sponding P-Number base materials.

4.2

Base metals not assigned S-Numbers or P-Numbers
shall require separate procedure qualification.

5 CONSUMABLES CONTROL
5.1

Due consideration shall be given to protection of
electrodes and fluxes for all welding processes in order
to minimize moisture absorption and surface
contamination.

5.2

Carbon and low alloy steel electrodes shall be supplied
with a diffusible hydrogen limit of H4 for SMAW™elec-
trodes and H8 for flux cored electrodes SMAW €lectodes
shall be supplied in hermetically sealed contaihérs. Imme-
diately after the opening of the hermetically'sealed con-
tainer or removal of the electrodes frotdrying ovens,
electrodes shall be stored in ovens held-at a temperature
of at least 250°F. E70XX electrodes.that are not used with-
in 4 hr, EB0XX within 2 hr, E90XX within 1 hr, and
E100XX within Y,hr after theropening of the hermetically
sealed container or remoyal of the electrodes from a dry-
ing or storage oven shall be dried before use unless evi-
dence is presented(tojand accepted by the Authorized
Nuclear Inspector which indicates that the brand of elec-
trode used may-be exposed for longer periods of time
without exeeeding a moisture content of 0.4% by weight.

6. TIME OF EXAMINATION
6.1 CAUTIONARY NOTE

In addition to the requirements of NF-5120, considera-
tion should be given to the application of magnetic parti-
cle or liquid penetrant examination after a sufficient time

7. I CAUTIONARY NOTE

Consideration should be given to the possibility of re-
heat cracking and deterioration of toughness properties
during postweld heat treatment of susceptible materials.

8 REQUIREMENTS FOR WELDING S-NUMBER 1
GROUP-NUMBER 1 MATERIALS

8.1 PREHEAT

Preheat is not required when th& base metal tempera-
ture is 50°F and above for material thickness up to and in-
cluding 1% in. A preheat ofi\200°F minimum is required
for material thickness greater than 1%, in.

8.2 POSTWELD HEAT TREATMENT

8.2.1 Postweld heat treatment is not required when
the materialithi¢kness is 1% in. or less. When the material
thickness’is greater than 1% in., up to and including 4 in.,
PHWT<s)not required provided the material, including
heat.affected zone and weld metal, meets the impact test-
ing\requirement given in 8.3.

8.2.2 When not exempted by 8.2.1, the postweld heat
treatment shall be performed in accordance with
NF-4622.

8.3 IMPACT TEST REQUIREMENTS

When material with thickness greater than 1%, in. up to
and including 4 in. is not postweld heat treated, the lateral
expansion at the lowest service temperature specified
shall be 25 mils minimum (NF-2300).

8.4 ADDITIONAL REQUIREMENTS

For steels with vanadium and columbium in combina-
tion exceeding 0.10% or with vanadium alone exceeding
0.08%, which are given a postweld heat treatment above
700°F, the requirements for impact testing of 8.3 shall be
met for these materials by separate welding procedure
qualification. (This requirement should also be consid-
ered for steels in which vanadium and columbium are
not specified but which may include these elements.)

9 REQUIREMENTS FOR WELDING S-NUMBER 1
GROUP NUMBER 2 AND 3 MATERIALS

9.1 PREHEAT

Preheat is not required when base metal temperature

at-ambient fnmpnrc\h‘ra to-detect r‘n]c\ynr‘ rrarlzihg_ This

precaution is not necessary for examination after post-
weld heat treatment.

is 50°FE and above for material thickness up toandinclud

ing 1 in. A preheat of 200°F minimum is required for ma-
terial thickness greater than 1 in.

7 (N-71-21)
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9.2 POSTWELD HEAT TREATMENT

ASME BPVC.CC.NC-2023

than 1 in. up to and including 4 in., the lateral expansion
at the lowest service temperature shall be 25 mils mini-

902-1 PUbLWC;d ‘llCdL U CALUITICTIU ib IMoL1 Ul.iuil Ud fUl Ild=
terial which has a maximum carbon content of 0.30% or
less and a thickness of 1 in. or less, nor for material which
has a maximum carbon content of 0.30% or less and a
thickness greater than 1 in. up to and including 4 in., pro-
vided the material, including heat-affected zone and weld

metal, meets the impact requirements given in 9.3.

9.2.2 When not exempted by 9.2.1, the postweld heat
treatment shall be performed in accordance with
NF-4622.

9.3 IMPACT TEST REQUIREMENTS

When material with thickness greater than 1 in. up to
and including 4 in. is not postweld heat treated, the lateral
expansion at the lowest service temperature specified
shall be 25 mils minimum (NF-2300).

9.4 ADDITIONAL REQUIREMENTS

For steels with vanadium and columbium in combina-
tion exceeding 0.10% or with vanadium alone exceeding
0.08%, which are given a postweld heat treatment above
700°F, the requirements for impact testing of 9.3 shall be
met for these materials by separate welding qualifica-
tions. (This requirement should also be considered for
steels in which vanadium and columbium are not speci-
fied but which may include these elements.)

10 REQUIREMENTS FOR WELDING S-NUMBER
3 GROUP NUMBER 1 MATERIALS

10.1 PREHEAT

A preheat of 150°F minimum is required-for material
thicknesses up to and including 1'/,;in. A preheat of
250°F minimum is required for material'thickness greater
than 1% in.

10.2 POSTWELD HEAT TREATMENT

10.2.1 No postweld heat treatment is required for
material which hassa’maximum carbon content of
0.25% or less and a*thickness up to and including 4 in.
(102 mm) provided the material, including heat-affected
zone and wéld metal, meets the impact requirements giv-
en in 10.3 below.

10.2:2” When not exempted by 10.2.1 above, the post-
weld-heat treatment shall be performed in accordance
with NF-4622.

10.3 IMPACT TEST REQUIREMENTS

When material is not postweld heat treated, for materi-

mum (NF-2300).

10.4 ADDITIONAL REQUIREMENTS

For steels with vanadium and columbium in combina-
tion exceeding 0.10% or with vanadium alone exceeding
0.08%, which are given a postweld heat treatment above
700°F, the requirements for impact testing of 10.3 shall
be met for these materials by separate welding qualifica-
tions. (This requirement should also be considered for
steels in which vanadium and columbium are{not speci-
fied but which may include these elements.)

11 REQUIREMENTS FOR WELDING S-NUMBER
3 GROUP NUMBER 3 AND 4 MATERIALS

11.1 PREHEAT

11.1.1 A preheat temperature of 200°F minimum is
required for materialthicknesses up to and including
1Y%, in. A preheat{temperature of 300°F minimum is re-
quired for material thicknesses greater than 1% in.

11.2 POSTWELD HEAT TREATMENT

11:2.1 No postweld heat treatment is required for
miatetial which has a maximum carbon content of
0.25% or less and a thickness up to and including 4 in.
provided the material, including heat-affected zone and
weld metal, meets the impact requirements given in 11.3.

11.2.2 When not exempted by 11.2.1, the postweld
heat treatment shall be performed in accordance with
NF-4622.

11.3 IMPACT TEST REQUIREMENTS

When material is not postweld heat treated, for materi-
al over ¥ in. thick up to and including 1 in., the lateral ex-
pansion at the lowest service temperature specified shall
be 15 mils minimum; for material thicknesses greater
than 1 in., up to and including 4 in., the lateral expansion
at the lowest service temperature specified shall be
25 mils minimum (NF-2300).

12 REQUIREMENTS FOR WELDING S-NUMBER
4 GROUP NUMBER 2 AND 3 MATERIALS

The requirements for welding S-No. 4 materials are the
same as those for P-No. 4 materials.

13 REQUIREMENTS FOR WELDING S-NUMBER
5 GROUP NUMBER 2 AND 3 MATERIALS

al over 51/6 in—thick up toandincludinag 1 inthe lateral ex
- £ ]

pansion at the lowest service temperature specified shall
be 15 mils minimum; for material thicknesses greater

The requirements for welding S-No 5 materials are the
same as those for P-No. 5 materials.

8 (N-71-21)
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14 REQUIREMENTS FOR WELDING S-NUMBER
8 GROUP NUMBER 1 MATERIALS

CASE (continued)

N-71-21

(1) For thickness less than g in., any decrease in
thickness. (The maximum thickness qualified is 2T.)

The requirements for welding S-No. 8 materials are the
same as those for P-No. 8 materials.

15 REQUIREMENTS FOR WELDING S-NUMBER
11A, S-NUMBER 11B, AND S-NUMBER 11C
MATERIALS

15.1 WELDING QUALIFICATIONS

15.1.1 Welding procedure qualifications and welder
and welding operator qualification shall be made in accor-
dance with Section III and as given herein.

15.1.2 Welding procedure qualification of Section IX
shall be by WPS and Procedure Qualification Records
(PQR) for these materials and combinations of other ma-
terials with these materials. When joints are made be-
tween two different types or grades of base material, a
procedure qualification shall be made for the applicable
combinations of materials, even though procedure quali-
fication tests have been made for each of the two base ma-
terials welded to itself. (Materials of the same nominal
chemical analysis and mechanical properties range, even
though of different product forms, may be considered as
the same type or grade.)

15.2

The following, in addition to the essential variables in
Section IX, QW-250, shall be considered as essential vari-
ables requiring requalification of the welding procedure.

15.2.1 A change in filler metal SFA classifi¢ation or to
a weld metal not covered by an SFA specification.

15.2.2 An increase in the maximun or a decrease in
the minimum specified preheat ot interpass tempera-
tures. The specified range of preheat temperatures shall
not exceed 150°F.

15.2.3 A change insthe heat treatment (procedure
qualification tests shall'be subjected to heat-treatment es-
sentially equivalent to that encountered in fabrication of
the item or item parts including the maximum total aggre-
gate time at{témperature or temperatures and cooling
rates).

15,2.4/ A change in the type of current (AC or DC), po-
larity,-0r a change in the specified range for amperage,
voltage, or travel speed.

15.2.5 A change in the thickness (T) of the welding
procedure qualification test plate as given in (a) or (b)
below:

(a) For welded joints which are quenched and tem-
pered after welding, an increase in thickness (the mini-

(2) For thickness % in. and over, any departure from
the range of % in. to 2T.

15.3 CONSUMABLES CONTROL

Welding filler metal containing more than 0.06% vana*
dium shall not be used for welded joints that are postweld
heat treated.

15.4 POSTWELD HEAT TREATMENT PROCEDURE

Postweld heat treatment shall be at a minimum tem-
perature of 1,075°F and a maximufw' temperature limited
only by the ability to meet the specified mechanical prop-
erties, but in no case exceeding/the tempering tempera-
ture recorded on the Certified Material Test Report.
Minimum holding time.at the postweld heat treating tem-
perature shall be 1 ht/in. of weld thickness, with 1 hr
minimum holding time.

15.5 PREHEAT

A mifimum preheat temperature of 100°F is required
for thaterial thickness up to and including %, in. A mini-
muth preheat temperature of 200°F is required for mate-
rial thicknesses above ', in. up to and including 1% in. A
minimum preheat temperature of 300°F (150°C) is re-
quired for material thickness above 1% in.

15.6 POSTWELD HEAT TREATMENT

15.6.1 The preheat temperature required by 15.5
shall be maintained for 2 hr after the weld joint is com-
pleted. Postweld heat treatment shall be in accordance
with 15.4.

15.6.2 Postweld heat treatment in accordance with
15.4 may be omitted for material which has a maximum
carbon content of 0.23% or less and a thickness up to
and including 4 in. provided the material, including heat-
affected zone and weld metal, meets the impact require-
ments given in 15.8.

15.7 JOINT DESIGN RESTRICTIONS

Convex fillet welds as shown in Fig. NF-4427-1 are not
permitted.

15.8 IMPACT TEST REQUIREMENTS

When material is not postweld heat treated per 15.4
for material over % in. thick and up to and including
1 in,, the lateral expansion at the lowest service tempera-
ture specified shall be 15 mils minimum. For material

mum-thickness qna]iﬁ'nr‘ inall cases is 1[/ in

(b) For welded joints which are not quenched and tem-
pered after welding, any change as follows:

thicknesses grnafnr than-1 in up toand-includinag 4 in
- £ o

the lateral expansion at the lowest service temperature
specified shall be 25 mils minimum (NF-2300).

9 (N-71-21)
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16 REQUIREMENTS FOR WELDING S-NUMBER
12 GROUP NUMBER 1 MATERIAL

ASME BPVC.CC.NC-2023

not exceed 1,150°F for Class 1 and Class 2 material, and
1 178°F for Class 3 material

16.1 PREHEAT

Preheat is not required when the base metal tempera-
ture is 50°F and above for material thickness up to and in-
cluding 1%, in. A preheat of 200°F minimum is required
for material thickness greater than 1%, in.

16.2 POSTWELD HEAT TREATMENT

16.2.1 Postweld heat treatment is not required when
the material thickness is 1% in. or less. When the material
thickness is greater than 1%, in., postweld heat treatment
is not required provided the material, including heat-
affected zone and weld metal, meets the impact testing re-
quirement given in 16.3.

16.2.2 When not exempted by 16.2.1, the postweld
heat treatment shall be performed in accordance with
NF-4622, except that it shall be at least 1,000°F and shall

16.3 IMPACT TEST REQUIREMENTS

When material with thickness greater than 1%, in., up
to and including 4 in. is not postweld heat treated, the lat-
eral expansion at the lowest service temperature speci-
fied shall be 25 mils minimum.

17 REQUIREMENTS FOR WELDING P-NUMBER
MATERIALS

The requirements of 8 through 16 may als¢-be used for
welding of materials with the corresponding P-Number
Group Number.

18 IDENTIFICATION

This Case and revision number shall be listed on the ap-
plicable documentation accompanying shipment.

10 (N-71-21)
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CASE

N-131-1

Approval Date: December 11, 1981

Code Cases will remain available for use until annulled by the applicable Standards Committee.

Case N-131-1

Material for Internal Pressure Retaining Items for
Pressure Relief Valves, Classes 1, 2, and 3
Section Ill, Division 1

Inquiry: What materials may be used for the internal
pressure retaining items of pressure relief valves, other
than body, bonnet and bolting, for Section III, Division
1, Class 1, 2, and 3 construction?

Reply: 1t is the opinion of the Committee that internal
pressure retaining items other than bodies, bonnets and
bolting (which are presently covered by applicable provi-
sions of NB, NC and ND) for Section III, Division 1, Class 1,

2, and 3 pressure relief valves may be made of materials
other than Tables 1A, 1B, 2A, and 2B of Section II, Part D
with Table 1 of this Case, under the following cofiditions.

(a) The nondestructive examination requirements of
NB-2000, NC-2000, and ND-2000 (as applicable), which
apply to the product form in which the @material is used,
are satisfied.

(b) The Material Certification and’Material Identifica-
tion requirements of Section U}, .Division 1 are satisfied.

(c) Where the tensile strength, yield strength, hard-
ness, or heat treatment listed-in Table 1 differ from the re-
quirements of the listed material specification the
requirements listed in. Table 1 shall apply.

(d) Materials shall’be identified by this Case number.

The Committee’s function is to establish rules of safety, relating only to pressure integrity, governing the construction of boilers, pressure vessels, transport
tanks and nuclear components, and inservice inspection for pressure integrity of nuclear components and transport tanks, and to interpret these rules when

standards, laws, regulations or other relevant documents.

questions arise regarding their intent. This Code does not address other safety issues relating to the construction of boilers, pressure vessels, transport tanks
and nuclear components, and the inservice inspection of nuclear components and transport tanks. The user of the Code should refer to other pertinent codes,

1 (N-131-1)
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CASE

N-133-3

Approval Date: July 18, 1985

Code Cases will remain available for use until annulled by the applicable Standards Committee.

Case N-133-3
Use of SB-148 Alloys 952 and 954, Class 3
Section Ill, Division 1

Inquiry: Under what rules may Section III, Division 1,
Class 3 valves utilizing material specification SB-148, Al-
loys 952 or 954, be used in Section III, Division 1, Class
3 construction?

Reply: It is the opinion of the Committee that flanged
end valves and NPS 2 and smaller socket welded end
valves, manufactured from material specification
SB-148, Alloys 952 or 954, may be used for Section III, Di-
vision 1, Class 3 construction in accordance with the pres-

materials permitted by the Design Specification. Use of
this Case number shall be shown on the applicable ‘Code
Data Report Form.

Pressure, psig

Service

Temp., Class 150 Class 300 Class 150 Class 300
°F 952 954
100 190 500 230 600
200 175 460 220 575
300 160 430 215 565
400 160 430 200 560

GENERAL NOTE: It is cautioned that, depending on design and
service environment, the use of bolting dissimilar to the body
and bonnet matefials'may require provisions for protection

sure temperature ratings listed below, provided all other against galvanjc-corrosion.

requirements of Subsection ND are met. Bolting materials
shall be SB-150, Alloys 614 or 630 or other bolting

The Committee’s function is to establish rules of safety, relating only to pressure integrity, governing the construction of boilers, pressure vessels, transport
tanks and nuclear components, and inservice inspection for pressure integrity of nuclear components and transport tanks, and to interpret these rules when

questions arise regarding their intent. This Code does not address other safety issues relating to the construction of boilers, pressure vessels, transport tanks
and nuclear components, and the inservice inspection of nuclear components and transport tanks. The user of the Code should refer to other pertinent codes,
standards, laws, regulations or other relevant documents.
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CASE

N-154-1

Approval Date: December 5, 1985

Code Cases will remain available for use until annulled by the applicable Standards Committee.

Case N-154-1

Projection Resistance Welding of Valve Seats, Classes 1,
2,and 3

Section Ill, Division 1

Inquiry: Under what rules may Section III, Division 1,
Classes 1, 2, and 3 valves be constructed when the projec-
tion resistance welding process is used to weld seat rings
to valve bodies and disks in valves 4 in. nominal pipe size
and less? What alternative rules may be used for welding
procedure qualification, as referenced in NB-4330,
NC-4330, and ND-4330, under the conditions described
below?

Reply: It is the opinion of the Committee that Section III,
Division 1, Classes 1, 2, and 3 valves may be constructed
to the rules of Section III, Division 1, except that fabrica-
tion shall be modified as required by this Case when the
projection resistance welding process is used to weld seat
rings to valve bodies and disks in valves NPS 4 and less;
As an alternative to the requirements of NB-4330,
NC-4330, and ND-4330 of Section III, Division 1, welding
procedures shall be qualified in accordance with the rules
of this Case under the conditions described below.

1 GENERAL REQUIREMENTS
11

Welding procedures and welding operators shall be
qualified in accordance with-the applicable rules of Sec-
tion IX and this Case.

A tempering heat(treatment shall be applied to ferritic
materials and may be included as part of the projection
resistance welding procedure.

1.2

Use_of this Case shall be identified on the Data Report
Form.

2 WELDING PROCEDURE QUALIFICATION
2.1 ESSENTIAL VARIABLES

The welding procedure shall be qualified as‘a-new pro-
cedure specification and shall be completely’requalified
when any of the changes listed below abe made. Other
changes may be made in the welding ‘procedure without
requalification; provided the procédure specification is
amended to show these changes:

(a) A change of the valve'bedy or disk material listed
under one P-Number in,QW-422 of Section IX to a mate-
rial listed under another P-Number or to any other
material.

(b) A change in the nominal composition of seat ring
material.

(c) A change'in the nominal dimensions of the seat ring
or a change in the nominal dimension of the weld pre-
parationvincluding the number, spacing and design of pro-
jections on the valve body or disk.

(d) A change in the nominal dimensions of the
electrode.

(e) A change in electrode force (Ib) for any part of the
welding cycle more than plus 20% or minus 10% from
that qualified.

(f) A change in welding current (amperes) more than
plus or minus 10% from that qualified.

(g) A change in welding time (cycles) from that
qualified.

(h) A change in the holding time (cycles) under pres-
sure after welding from that qualified.

(i) A change in the tempering heat treat current (am-
peres) more than plus or minus 10% from that qualified.

(j) A change in the tempering heat treat time (cycles)
from that qualified.

(k) A change in the type or model of welding
equipment.

2.2 TEST ASSEMBLY

A procedure qualification test assembly shall be welded
using the joint geometry and essential variables that are
to be used for production welding.

! Projection resistance welding is a resistance welding process wherein coalescence is produced by the heat obtained from resistance to the
flow of electric current through the work parts held together under pressure by electrodes. The resulting welds are localized at predetermined
points by the design of the parts to be welded. The localization is usually accomplished by projections, embossments or intersections.

The Committee’s function is to establish rules of safety, relating only to pressure integrity, governing the construction of boilers, pressure vessels, transport
tanks and nuclear components, and inservice inspection for pressure integrity of nuclear components and transport tanks, and to interpret these rules when

standards, laws, regulations or other relevant documents.

questions arise regarding their intent. This Code does not address other safety issues relating to the construction of boilers, pressure vessels, transport tanks
and nuclear components, and the inservice inspection of nuclear components and transport tanks. The user of the Code should refer to other pertinent codes,
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CASE (continued)

N-154-1

2.3 EXAMINATION OF TEST ASSEMBLY

ASME BPVC.CC.NC-2023

The requirements for performance qualification shall
be the same as for procedure qualification.

T‘uc co5t dbbc“l‘Uly blldll ‘UU bt‘LLiUllCd (d Illillilllulll Uf
four cross sections), ground etched with a suitable etch-
ant and visually examined at 10x magnification. The weld
and base material shall be free of cracks, lack of fusion
and other linear indications. The average size of the weld
shall not be less than that specified in the welding
procedure.

2.4 SEAT TO BODY WELD

A push-out test shall be performed on each welded test
assembly. A hole shall be drilled in the welded test assem-
bly so that a load can be applied to the seat ring in the di-
rection that it would be forced out. The load to push out
the seat ring from the valve body shall not be less than
0.67 times the minimum specified ultimate tensile
strength of a section of the body material equal in area
to an annulus with an inside diameter equal to the inner
diameter of the welding surface of the ring and the out-
side diameter equal to the outer diameter of the welding
surface of the ring.

3 WELDING PERFORMANCE QUALIFICATION

The welding operator shall be qualified using the same
welding equipment that will be used in production and
shall be required to set up the machine and make the nec-
essary adjustments for welding.

A welding operator qualified to weld in accordance
with one WPS is also qualified to weld in accordance with
other WPS's using the projection resistance welding
process.

4 PRODUCTION TESTING
4.1 GENERAL

Two consecutive acceptable welded test assemblies
shall be made immediately prior to each production weld-
ing run and one acceptable welded test as§embly shall be
made at the conclusion of each production welding run
for both the seat to body weld and_the seat to disk weld.
The length of a production welding.run shall be defined
(depending on the type and quantity of the product being
welded) by the manufacturet, The welded test assemblies
shall be made using the welding machine and qualified
welding procedure that/are to be used in production.
The seat to disk weld-shall be tested in accordance with
2.3. The seat to bedy weld shall be tested in accordance
with 2.4. In tlié event that any of the welded test assem-
blies are unacceptable, additional tests and examinations
shall bedperformed to determine the acceptability of all
production welds made using the same welding machine
and welding procedure since the last acceptable welded
test assembly.

2 (N-154-1)
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CASE

N-155-3

Approval Date: February 11, 2016

Code Cases will remain available for use until annulled by the applicable Standards Committee.

Case N-155-3
Fiberglass Reinforced Thermosetting Resin Pipe
Section Ill, Division 1

Inquiry: What are the rules for construction of Section
I11, Division 1, Class 3, fiberglass reinforced thermosetting
resin piping (RTRP) systems?

Reply: It is the opinion of the Committee that fiberglass
reinforced thermosetting resin piping systems may be
constructed to the rules of Section III, Division 1, Class
3, provided the following requirements are met.

(a) The general requirements in NCA-1000 through
NCA-8000 and ND-1000 shall apply except as modified
by -1000 of this Case.

(b) The rules for Materials in this Case shall replacethe
rules of ND-2000.

(c) The requirements for Design in ND-3000 shallapply
except as modified by -3000 of this Case.

(d) The rules for Fabrication and installation in -4000
of this Case shall replace the rules of ND-4000.

(e) The rules for Examination in -5000 of this Case shall
replace the rules of ND-5000.

(f) The rules for Testing in ND*6000 shall apply except
as modified by -6000 of this\€ase.

(g) The rules for overPressure Protection in ND-7000
shall apply except as.modified by -7000 of this Case.

(h) The rules foryNameplates, Stamping and Reports in
ND-8000 shall apply except as modified by -8000 of this
Case.

The Committee’s function is to establish rules of safety, relating only to pressure integrity, governing the construction of boilers, pressure vessels, transport
tanks and nuclear components, and inservice inspection for pressure integrity of nuclear components and transport tanks, and to interpret these rules when

standards, laws, regulations or other relevant documents.

questions arise regarding their intent. This Code does not address other safety issues relating to the construction of boilers, pressure vessels, transport tanks
and nuclear components, and the inservice inspection of nuclear components and transport tanks. The user of the Code should refer to other pertinent codes,
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-1000 GENERAL REQUIREMENTS

CASE (continued)

N-155-3

(b) Certificate Holders using the material permitted by
this Case shall establish and maintain a Quality Control

-LI0U SCOPE . System which will assure that all requirements of this
-1110 Aspects of Construction Covered by These  (ase have been met in accordance with NCA-4135 except
Rules

(a) This Case contains rules for the construction of
RTRP Class 3 piping, piping subassemblies, and appurte-
nances at temperatures not exceeding qualification condi-
tions (-2600) (-4200) but in no case at temperatures
greater than 180°F for polyester structural wall materials
and 250°F for epoxy structural wall materials. Design
pressures shall not exceed 500 psi for temperatures of
180°F and less or 250 psi for temperatures over 180°F
not to exceed 250°F. Use of these materials is not per-
mitted in continuous steam service at pressures over 5
psig.

(b) Terms relating to plastics and fiberglass shall be in
accordance with Section X of the Code. Terms not covered
in Section X shall be in accordance with ASTM D883 or
Mandatory Appendix IV of this Case. The definitions of
Mandatory Appendix IV of this Case shall govern where
there is a difference.

(c) The rules of Subsection NCA shall be met except as
modified below:

(1) Permitted Material Specifications are contained
in -2000 of this Case.

(2) The Definitions of NCA-3810 shall apply as mod-
ified by -2000 of this Case. The Material Manufacturer
(NCA-3812) shall be responsible for the quality of consti-
tuent materials (-2112), such as, laminates, glass.fibers
and resins. The control of the quality of constituent mate-
rials (-2400) shall be described in the MaterialkManufac-
turer's Quality Program. The quality program and audit
requirements of NCA-3853 do not applyte manufacturers
of constituent materials as defined in -2400.

(3) Substitute “joining” for “weélding,” and substitute
“joiner” for “welders and welding operators” and delete
reference to Section IX wheérever these terms appear.

(d) The rules of Article-ND-1000 shall be met except as
modified below:

In ND-1610(j),substitute “joining” for “welding or braz-
ing” and deletesreference to ND-2400. In ND-1610(k) sub-
stitute “joiners’ for “welders and welding operators and
brazers (ND-4300).” In ND-1610(1) substitute “joining”
in place.of “welding or brazing.” In ND-1620(c) delete “re-
paired-by welding.”

-1200 QUALITY CONTROL SYSTEM
-1210 General

(a) Material Manufacturers (-2112) and Material Sup-
pliers (-2113) shall have and maintain a Quality Control

as modified by -1110(c) above.

(c) Fittings which are manufactured by joining meth-
ods similar to those covered by -4000 of this Case shall
be inspected by an Authorized Nuclear Inspector-and
stamped with the NPT symbol. In addition to they NPT
symbol, the numeral, 3, shall be stamped below and out-
side the official Code symbol. All applicable requirements
of -4000 of this Case shall be met. The Authorized Inspec-
tor shall certify by signing the Data Réport Form NM-1 in
accordance with NCA-5290.

-1300 CERTIFICATES OF AUTHORIZATION AND
STAMPING

-1310 Material,Manufacturers and Material
Suppliers (NCA-3810)

Material Manufacturers and Material Suppliers shall
hold a“@Qmuality System Certificate (Materials) verifying
theladequacy of the Material Manufacturers Quality Sys-
tem Program and Material Suppliers Identification and
Verification Program.

-1320 Certificate Holders

(a) NPT Certificate Holders. Organizations fabricating
piping subassemblies shall hold a Certificate of Authoriza-
tion to apply the NPT Code Symbol Stamp. Where a Certi-
ficate Holder is also a Material Manufacturer or Material
Supplier, he may elect to obtain a separate Quality System
Certificate (Materials) or include the material manufac-
ture or material supply in the scope of the Certificate of
Authorization to apply the NPT Code Symbol Stamp pro-
vided his Quality Program also covers these activities.

(b) NA Certificate Holders. Organizations performing in-
stallation activities in accordance with -4000 and -5000
of this Case shall obtain a Certificate of Authorization to
apply the NA Code Symbol Stamp.

(c) N Certificate Holders. Organizations taking overall
responsibility for a piping system in accordance with
NCA-3510 shall obtain a Certificate of Authorization to
apply the N Code Symbol. Where the N Certificate Holder,
in addition to taking overall responsibility, installs piping
systems in accordance with -4000 and -5000 of this Case,
he may elect to obtain a separate Certificate of Authoriza-
tion to apply the NA Code Symbol or include installation

chfam or Materials Identification-and Verification-Pro

gram, as applicable, in accordance with the requirements
of NCA-3800 except as modified by -1110(c)(2) above.

activities in the scope of the Certificate of Authorization
to apply the N Code Symbol Stamp provided his Quality
Program covers these activities.
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-2000 MATERIALS

-2110 Scope
-2111 Terms

The term materials as used in this Case shall apply to
the pipe and fittings manufactured in accordance with
-2000 of this Case and the materials used in joining them
and shall be defined as follows:

-2111.1 Pipe. Reinforced thermosetting resin pipe
(RTRP) material shall be manufactured by the filament
winding (FW) process in accordance with ASTM D2996
or D3517 and the requirements of Mandatory Appendix
IT of this Case. The principal reinforcement material in
the circumferential direction shall be continuous glass
roving. Reinforcement in the axial direction may be con-
tinuous glass roving, chopped glass or undirectional glass
tape. Pipe classes in accordance with ASTM D2310, Type
I, Grades 1 and 2; Classes A, C, E, F, and H are permitted.

-2111.2  Fittings. Reinforced thermosetting resin fit-
tings including flanges shall be manufactured by; Fila-
ment winding (Type I), centrifugally cast (Type II)
(flanges and stub ends only), hand fabricated (Type 1V),
spray-up (Type V) or molded (Type VI). Fittings classified
as RTR Type I, Grade 1 and Classes A, B, C, E, F, and H; RTR
Type 1, Grade 2, Classes B and C; RTR Type II, Grade 1,
Class A; RTR Type 1V, Grades 1 and 2, Classes A, C, E, F;
Type V, Grade 2, Classes A and E; Type VI, Grades 1 and
2, Class A, in accordance with Mandatory Appendix [ are
permitted. Pressure laminated fittings (Type III) aré not
allowed.

-2111.3  Auxiliary Material. Auxiliary materials are
those used in the joining or support of the‘pipe and fit-
tings and include joint adhesives, joint overlay materials,
gaskets, O-rings, O-ring lubricants, and’pipe support ma-
terials. Auxiliary materials shall meet the requirements
of -2300.

-2112 Material Manufacturer

As used in this Case, the Material Manufacturer is the
organization which manufactures and certifies material
in compliance with requirements of this Case. The Mate-
rial Manufacturer shall perform or shall supervise and di-
rectly control one or more of the operations which affect
the material properties to meet the requirements of the
basicumaterial specification, and shall verify the satisfac-
tory completion of all other requirements performed by
other organizations prior to his certification.

-2113  Material Supplier

ASME BPVC.CC.NC-2023

materials properties required by the basic material spec-

ification, except when so authorized in a Quality System
-2l Certificate (Materials).

-2120 Material Properties and Dimensions

Properties of the materials permitted in -2111 shall be
determined in accordance with the applicable test meth-
ods or procedures stated in this Case as shown in Manda-
tory Appendix II. The dimensions and tolerances of pipé
shall be in accordance with the specification and-Table
3 of D2996 shall be extended as indicated in Table
[1-4.4-3. Fitting materials dimensions and tolerances shall
be in accordance with the requirementsrof-Mandatory
Appendix 1.

-2200 MATERIAL MANUFACTURE
-2210 Internal Corrosion Resistant Liner

When internal corrosion\resistant liner materials are
used they may consist pf thermosetting or thermoplastic
resin. The resin content-for the thermosetting resin liner
shall be a minimum 0f 75% by weight as determined by
ASTM D2584.

-2211 Structural Wall

The Strdctural wall shall contain reinforcement em-
bedded in or surrounded by cured thermosetting resin.
The-composite structure may contain granular or platelet
fillers, thixotropic agents, pigments or dyes.

-2212 Exterior Layer

The exterior layer may be composed of thermosetting
resin, thermosetting or thermoplastic coatings. Additives
such as ultraviolet absorbers, fire retardants, dyes, pig-
ments or filler may also be added if specified.

-2300 AUXILIARY MATERIALS
-2310 Joint Adhesive Materials

Joint adhesive materials used to join pipe to pipe and
pipe to fittings shall comply with the requirements speci-
fied in the qualified procedures, and shall meet the
strength requirements of -3662 of this Case. Each batch
of adhesive shall be tested and reported on Form RTRP-2.
Requirements shall be specified in the qualified
procedures.

-2320 Overwrap, Laminate Joint Materials

Overwrap, laminate joint materials shall consist of
layers of glass fiber reinforcement laminated in place with
a resin system meeting the requirements of Mandatory
Appendix II, 5. Overwrap materials employed in combina-
tion with bonded joints and in butt-and-wrap joints shall
meet the applicable requirements of -3661 independent

As used-in-this Case the Material anp]inr is an r\rgani
5

zation which supplies products of Material Manufacturers
but does not perform any operations which affect the

nFjr\inf bond cfrnngfh and-shall resist deteriorationin

the same manner as the pipe material. The type of mate-
rial used shall be specified in the qualified procedure.
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-2330 Bolting Material

CASE (continued)

N-155-3

-2600 QUALIFICATION OF MATERIALS

LoV ad |

Bottimg mmatertatssiatttonformmtothe Tequirentents of
ND-2127 except that washers are mandatory in accor-
dance with ND-2125.

-2340 Miscellaneous Auxiliary Materials

Miscellaneous auxiliary materials, such as, gaskets,
0-rings, lubricants, and solvents shall be specified in
and meet the requirements of the Design Specification,
and shall be included in the qualification tests required
by -4220 of this Case.

-2350 Pipe Support Materials

Pipe support materials shall meet the requirements of
Subsection NF.

-2400 CONSTITUENT MATERIALS

Constituent materials are those, such as thermosetting
resins, reinforcement, and other solid or liquid materials
which, when combined as a composite structure produce
material meeting the requirements of this Case for the
products listed in -2111. The Material Manufacturer shall
be responsible for and verify that the constituent materi-
als of pipe, fittings, and auxiliaries meet the requirements
of this Case stated in Mandatory Appendices I and II

-2500 DETERIORATION OF MATERIALS IN
SERVICE

Consideration of corrosion of materials in sérvice is
generally outside the scope of this Case. It is the respon-
sibility of the Owner to select materials suitable for the
conditions stated in the Design Specifications with specif-
ic attention being given to the effects of\service conditions
on the properties of the materials. Attention shall be given
to possible degradation due tonéxposure to radiation
when it is present, includingsunlight.

0. Y o 1
LU LU JeTicial

Pipe and fittings shall meet the mechanical property re-
quirements and be qualified in accordance with Manda-
tory Appendix I and Mandatory Appendix II of this Case.

-2700 CERTIFICATION OF MATERIALS

Materials shall be certified as required in NCA-3867.4
Certified Material Test Reports are required for all mate-
rials, except that Form RTRP-1 (Mandatory Appendix III)
shall be completed in addition to a Certified)Material Test
Report for Constituent Materials. The CMTR shall include
reports of all Quality Control Tests/performed on the ma-
terial and a reference to the Matetrial Manufacturer's
Qualification Test Report.

-2800 MATERIAL IDENTIFICATION

Material shall be-marked in accordance with the mark-
ing requirements of‘Mandatory Appendix [ or Mandatory
Appendix II, as applicable. Materials shall be controlled
during manufacture and construction so that they are
identifiable as acceptable at all times. Bonding and lami-
nating materials shall be controlled during the repair of
material and during manufacture and installation so that
they are identifiable as acceptable material until actually
consumed.

-2900 EXAMINATION AND REPAIR OF MATERIAL

Material shall be visually examined and repaired in ac-
cordance with Tables 2900-1A and 2900-1B, Tables
2900-2A and 2900-2B, Tables 2900-3A and 2900-3B,
and Table 2900-4. No indication depth is permitted which
is greater than 12.5% of the required structural wall
thickness. Gasket sealing surfaces shall be smooth and
shall meet the criteria given in Tables 2900-1A and
2900-1B for the liner surface.
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CASE (continued)

N-155-3

ASME BPVC.CC.NC-2023

Table 2900-1A

amd

Filament Wound, Hard Fabricated, and Spray-Up Fittings 16 in. Nominal Size and Smaller

Acceptance Limit [Note (1)]
No Repair Required

Acceptance Limit [Note (1)]
Repair Required

Required Repair

Indication Description Max Dimension No./ft? Max Dimension No./ft> and/or Comment
A. Air Bubble (void) Air entrapment within and between The lesser of 1/32 in.  No limit No repair allowed
the piles of liner reinforcement diameter or Y, the
usually spherical in shape liner thickness
B. Chip Small piece broken off an edge or Y16 in. long by lesser 10 No repair allowed
surface of Y5, in. or Y, the
liner thickness
deep
C. Crack An actual separation of laminate, None permitted Not permitted
visible on opposite surfaces, and
extending through the thickness
D. Crazing Fine cracks at or under surface Not permitted
E. Dry-Spot Area where reinforcement has not  None permitted Not permitted
been thoroughly wetted with resin
F. Lack of Fill-Out  Area, occurring usually in a radius 1 in. wide by Y in. No repair allowed
area where the resin has drained deep
from the reinforcement
G. Pitts (Pinholes) Small crater in surface Y16 in. long by lesser 10 No repair allowed
of 1/32 in. or 1/2 the
liner thickness
deep
H. Scratch Shallow mark, groove, furrow, or Lesser of 1/32 in. or No limit Coat with liner resin
channel caused by improper 1/, the liner
handling, storage or extraction of thickness
part from form
I. Wrinkle In a laminate, an imperfection that  Unlimited if no No limit No repair required
has the appearance of a wave cracks
molded into one or more plies of
fabric or other reinforcement
material
NOTE:

(1) Where either the maximum acceptable size or number of an indication is exceeded, the product is unacceptable.
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CASE (continued)

N-155-3

Visuat

Filament Wound, Hand Fabricated,

and

Table 2900-1B

Spray-Up Fittings 16

No

minal Size and Smaller

Indication Description

Acceptance Limit [Note (1)]
No Repair Required

Acceptance Limit [Note (1)]
Repair Required

Max Dimension

No./ft?

Max Dimension

No./ft?

Required Repair
and/or Comment

A. Burn Showing evidence of thermal
decomposition, through
discoloration, distortion, or
destruction of the surface of the

laminate

B. Chip Small pieces broken off an edge or

surface

C. Crack An actual separation of laminate,
visible on opposite surfaces, and

extending through the thickness

Fine cracks at or under surface
exposing reinforcement

D. Crazing
E. Drip, Resin

Resin protrusion

Area where reinforcement has not
been thoroughly wetted with resin

F. Dry Spot

G. Fish-Eye Small globular mass which has not
blended completely into the
surrounding material and is
particularly evident in a
transparent or translucent

material

H. Fracture
complete penetration

I. Lack of Fillout Area occurring usually in a radius
area where the resin has drained

from the reinforcement

J. Pimple Small, sharp or conical glevation on

exterior surface offaminate

Small crater in_surface

Shallow mark, groove, furrow, or
channeheaused by improper
handling, storage or extraction of
part from form

K. Pit (Pinhole)
L. Scratch

Y in. high

Y in. high

Rupture of laminate surface without ...

Y in. high

Ys by 16 in. deep
No exposed
reinforcement

¥%s in. by Y16

No limit
Yg\in)high

1Nin. across

No limit
Y in. high

1in.

No limit
Y in. high

20

No limit Y, in. deep into

exposed

in. deep 20

Any size greater than No limit

Any size greater than No limit

Any size greater than No limit

20

reinforcement

Not permitted

Coat'with resin

Not permitted

Not permitted

Grind excess

Coat with resin

Grind excess

Not permitted

Coat with resin

Grind excess

No repair allowed
Coat with resin

NOTE:

(1) Where eithel the maximum acceptable size or number of an indication is exceeded, the product is unacceptable.
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Table 2900-2A

Yisuat Examimatiom CriteriaandRepair Requirements for tnside=Surfaces of RTRPPipeamd Fittings
Greater Than 16 in. Diameter

Acceptance Limit — No Repair

Required
Discrepancy Description Max Dimension No./ft* Permitted Repairs Comments

A. Air Bubble (Void) Air entrapment within and between s, in. diameter 10 [Note (1)] or [Note  Repair to be made between
the plies of liner reinforcement 3)] plies only if liner surface
usually spherical in shape fractures with a 2 1b.

force applied using an
instrument with-a % in.
minimum radius of
curvature

B. Cracks or Crazing Cracks at or under surface or Y, in. long [Note (1)] None

in Liner extending through thickness of
liner

C. Dry-Spot Area where liner material was not %, in. diameter [Note (1)] or [Note Use’2” if smaller than %, in.
thoroughly wetted with resin (2)] diameter

D. Lack of Fillout  An area, occurring usually in a radius 1'% in. long by Y in. [Note (3)] If larger than “max
area where the resin has drained deep dimension” use “1”
from the reinforcement

E. Pitts (Pinholes)  Smaller crater in surface s in. diameter by Y, [Note (2)] If larger than “max

the liner thickness dimension” use “1”

F. Scratch Shallow mark, groove furrow or 1, liner thickness No limit _[Note'(2)] If more than %, liner
channel caused by improper thickness use “1”
handling, or extraction of part from
form

G. Wrinkle In a laminate, an imperfection that  No limit None Required Use repair “1” for voids or
has the appearance of a wave fragile crest
molded into one or more plies of
reinforcement material

H. Chip or A small piece of liner broken off an %, liner thickness [Note (1)]

Delamination edge or surface or separation of
liner from pipe wall

NOTES:

(1) Replace liner material in the discrepant area.
(2) Postcoat with liner resin and wax additive.
(3) Fill void with a resin putty.
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CASE (continued)

N-155-3

Table 2900-2B
Visuat . .e o . . . . ittinas
Greater Than 16 in. Diameter
Acceptance Limit — No Repair
Required
Discrepancy Description Max Dimension No./ft Permitted Repairs Comments
A. Burn Thermal decomposition evidenced by No repair necessary 5 [Note (1)] No repair permitted if
distortion and/or destruction of the up to 5% of wall decomposition extefids
surface thickness beyond 35% ofwall
thickness
B. Chip Small piece broken from edge or Y, in. by Y16 in. deep 20 [Note (2)] If deeper than ;¢ in. use
surface “1”
C. Crack Separation of the laminate extending None permitted 0 None
through the wall and visible on
opposite surfaces
D. Cut Roving Broken or cut outer rovings due to None permitted [Note (1)]
scraping or scuffing during handling
E. Crazing Fine cracks in the postcoat surface Y16 in. width [Note (2)]
F. Dry Spot Area where reinforcement was not None permitted [Note (2)]
thoroughly wetted with resin
G. Fracture Rupture of laminate surface without =~ None permitted [Note (1)]
complete penetration
H. Lack of fillout Void areas between parallel filament  Single plane, [Note (2)]
rovings noncrossing
filament rovings
I. Pits (Pinholes) Small craters in surface Y in. diameter with 25 [Note (2)]
no exposed
reinforcement
J. Scratch Shallow mark, groove, furrow, or No exposed [Note (2)]
channel caused by improper reinforcement
handling
NOTES:

(1) Overlay 6 in. beyond damaged area with 1.3 times thickness of material removed.

(2) Postcoat with structural wall resin and wax additive.
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CASE (continued)

N -155-3 ASME BPVC.CC.NC-2023

Table 2900-3A

Yisuat Examimatiom Criteriaamd Repair Requirements for Structurat Wattof RTRPPipeand Fitament
Wound, Hand Fabricated, and Spray-Up Fittings 16 in. Nominal Size and Smaller

Acceptance Limit [Note (1)] Acceptance Limit [Note (1)]

No Repair Required Repair Required Required Repair
Indication Description Max Dimension No./ft? Max Dimension No./ft> and/or Comment
A. Air Bubble Air entrapment within and between Y, in. diameter 6 No repair allowed
(Void) the plies of reinforcement usually
spherical in shape
B. Burn Showing evidence of thermal Not permitted
decomposition through
discoloration distortion, or
destruction of the surface of the
laminate
C. Delamination  Separate between layers of material. 1 in. across 1 No' repair allowed
Usually appears as a thin, light
shaded (whitish) layer
D. Dry-Spot Area where reinforcement has not ... 1 in. across 2 Coat with resin
been thoroughly wetted with resin
E. Foreign Particles of a substance included ina Y4 in. 2 No repair allowed
Inclusion laminate which seems foreign to its
composition
F. Wormhole Elongated air entrapment which is Y4 in. diameter by 6 No repair allowed
either in or near the surface of a 1 in. long

laminate and may be covered with
a thin film of curved resin

NOTE:
(1) Where either the maximum acceptable size or number of an indicatiofi’is\exceeded, the product is unacceptable.

12 (N-155-3)



https://asmenormdoc.com/api2/?name=ASME BPVC.CC.NC (ASME Code Cases NC) 2023.pdf

ASME BPVC.CC.NC-2023

CASE (continued)

N-155-3

Table 2900-3B
Visuat . . .e o . N . ittinas
Greater Than 16 in. Diameter
Acceptance Limit — No Repair
Required Permitted
Discrepancy Description Max Dimension No./ft? Repairs Comments

1, in. Diameter or Y of the
structural wall thickness,
whichever is less

A. Air Bubble (Void) Air entrapment within and
between the plies of
reinforcement usually spherical
in shape

B. Burn Y, in. Diameter or Y of the

structural wall thickness
whichever is less

Showing evidence of thermal
decomposition through
discoloration, distortion, or
destruction of the surface of the
laminate

C. Delamination At Separation between layers of
Ends of Pipe material. Usually appears as a
thin, light shaded (whitish)
layer

Area where reinforcement has not 3 in. Diameter
been thoroughly wetted with
resin

1 in. Diameter Across

D. Dry-Spot

E. Foreign Inclusion Particles of a substance included Y in. Thick x 1 in. Diameter
in a laminate which seems
foreign to its composition

F. Voids (Bridging) Small air inclusions entrapped
between the rovings of the

filament winding

% in. Diameter and InOnly
one filament direction

[Note (1)] Any size See comment under A,
greater but not Table 2900-1B
affecting more
than Y, of the
wall thickness

[Note (1)] Any size See commentjinder A,
greater but not Tabje 2900-1B
affecting more
than Y, of the
wall thickness

[Note (2)] “1” to be used if
delamination appears in
last two outer layers

[Note, ¢1)]

[Note (1)]

[Note (2)]

NOTES:
(1) Overlay 6 in. beyond damaged area with 1.3 times the affected thickness.
(2) Fill affected area with winding resin.

Table 2900-4

Visual Examination Criteria'and Repair Requirements for RTRP Molded and Centrifugally Cast
Fittings 16 in. Nominal Size and Smaller

Acceptance Limit [Note (1)] No
Repair Required

Acceptance Limit [Note (1)]
Repair Required

No./ft? No./ft*  Required Repair
Indication Description Max Dimension [Note (2)] Max Dimension [Note (2)] and/or Comment
A. Blister Humps or mounds on inner or outer %, in. diameter not 4 Blisters not
surface caused by expansion of in bonding permitted in
trapped gas as mold pressure is surface bonding surface
released
B. Crack Material separation or fracture Not permitted
C¢Delamination Appear as light spots of dry or Y, in. across 3 Not permitted

separated glass

D. Void Insufficient material to fill mold Not permitted
completely. Part incomplete or
not well filled out. Prepreg
staples not completely
consolidated and fused
NOTES:

(I) Where either the maximum acceptable size or number of an indication 1s exceeded, the product Is unacceptable.

(2) If surface is less than 1 sq. ft, the number indicated shall be per fitting.
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N-155-3

-3000 DESIGN

ASME BPVC.CC.NC-2023

tmp, tmp = Mminimum structural wall thickness of
branch, header

The Design Rules in this section of the Case shall be met
for RTR piping systems applicable to Section III, Division
1, Class 3.

-3100 GENERAL

The requirements of subarticle ND-3100 shall be com-
plied with except as modified in -3112.2 through -3133.3.

-3110 Nomenclature

The Nomenclature used in -3000 is given in -3110.1.

-3110.1 Nomenclature Used in the Design

A, A;, A, = reinforcement area
B = additional wall thickness, for stresses due to
moments, erosion, mechanical damage, etc.
D = mean pipe diameter
D; = inside pipe diameter
E = geometric mean modulus of elasticity
Eyr = circumferential flexural modulus
Eyr = circumferential tensile modulus
E, = tensile modulus of pipe liner
E; ¢ = compressive longitudinal modulus
E;r = tensile longitudinal modulus
= available adhesive shear length
i = intensification factor
K = allowable stress multiplier

Lmsq = minimum shear length of adhesive

Lmso = minimum shear length of overlay
Lmsop = minimum shear length of overlay in branch
Lmson = minimum shear length of overlay, in header

M, = resultant moment due to sustdined loads
Mg = resultant moment due to occassional loads
M = resultant moment due to(thermal expansion
and pressure elongation
P = internal design pressure
Pnax = peak pressure
r = mean radius-ef-pipe
Sacp = allowable structural circumferential stress

for pipe

SaLp = allowable structural longitudinal stress for
pipe

Sasa £ allowable shear stress of adhesive

Sasth = allowable shear stress of overlay

Sazo = allowable tensile stress of overlay

Syt = hoop tensile strength
S1c = longitudinal compressive strength
S, r = longitudinal tensile strength
t. = thickness of reinforcement
tep, ten = reinforcement thickness in branch, header
T, = longitudinal thrust loads

. — thickness of the liner

tme tmu = minimum structural wall thickness, based
on circumferential pressure stress, longitu-
dinal pressure stress
tmo = thickness of overlay
t, = nominal composite wall thickness of pipe
= t,, + manufacturing tolerances + liner + ex-
terior dress-coating
t.p, ton = nominal wall thickness of branch, headex
Z = section modulus
p = linear coefficient of thermal expansion
v = Poisson's ratio

-3112.2 Design Temperature (ND-3112.2). Change all
references from “metal” to “material”.delete references to
Tables 14, 1B, Section I, Part D Subpart 1 and add the fol-
lowing sentence. Where the system is exposed to the sun,
the heating of the pipe matérial due to sunlight shall be
considered in determining;the Design Temperature.

-3133 Compongénts'under External Pressure (ND-3133)

-3133.3 Cylindrical Shells and Tubular Products
(ND-3133.3). Replace ND-3133.3 with the following: The
followinig’external pressure design rules apply only to
compeonents used in nonburied applications. The De-
signer'is also cautioned to verify that the moment of iner-
tia'of the stiffener, if any, is sufficient as required by
ND-3133.5.

For components to be used in buried applications, refer
to -3133.9.

(a) The thickness of cylinders under uniform, external
pressure shall be determined by the procedures given
in (1) through (3) below.

(1) Assume a value of t,,. Determine the ratio of
L/D,.IfL/D, is greater than 50, calculate P,; by the fol-
lowing equation:

3
P(ll = Etmz 3
2(1 —v )Do

If L /D is less than or equal to 50, calculate P, by the

following equation:

1/4
2 3,2
Byy = 0570620 (1 = 2) ~lm
LD, D,

(2) Also calculate a value of the maximum allowable
working pressure, P, by the following equation:

t, L
Dy D,

1

t,, = minimum structural wall thickness, equal to
the greater of t,,. or t,,;

where S, ¢ is allowable design compressive stress in the
circumferential direction (Table -3133-1).
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https://asmenormdoc.com/api2/?name=ASME BPVC.CC.NC (ASME Code Cases NC) 2023.pdf

ASME BPVC.CC.NC-2023

(3) The smaller value of P,, calculated in (1), or
P.-. calculated in (2), shall be used for P,. Compare P,

CASE (continued)

N-155-3

shall not exceed 1.2 times the allowable longitudinal
stress value S4;p in Table -3611-1. This requirement is

with the Design Pressure, P. If P, is smaller than P, select
a greater value of t,,, and repeat the procedure until a val-
ue for P, is obtained which is equal to, or greater than, P.

-3133.6 Cylinders under Axial Compression. In
course of preparation.
ND-3133.6 does not apply.

-3133.9 Buried Pipe. Where piping components are
buried underground the methods of design outlined in
the Bureau of Reclamation Standard No. REC-ERC-77-1*
may be used as an alternative method for determining
deflection.

The calculated and measured diametrical deflection of
the pipe wall shall not exceed 5%.

-3600 PIPING DESIGN (ND-3600)

The requirements of subarticle ND-3600 shall be met
except as modified by the following.

-3611 Acceptability (ND-3611)

The requirements of ND-3611 shall be replaced by the
following:

The requirements for acceptability of a piping system
are given in the following subparagraphs.

-3611.1 Allowable Stress Values. Allowable stress
values to be used for the design of piping systems are giv-
en in Table -3611-1 for straight pipe and Table I-¥ for
fittings.

-3611.2 Stress Limits.
(a) Design and Service. Loadings shall be spekified in the
Design Specification.

(b) Design Loadings. The sum of sttesses due to design
internal pressure, weight, thermal)expansion and other
sustained loads shall not exceed\S 4, p. This requirement
is satisfied by meeting eq. -8652.1(8).

(c) Service Loadings. The-following Service Limits shall
apply to Service Loadings as designated in the Design
Specification.

(1) Level A Service Limits. The sum of stresses due to
design pressure, weight, thermal expansion, and sus-
tained loadsjshall not exceed the allowable longitudinal
stress § 454 in Table -3611-1. This requirement is satis-
fied by meeting eq. -3611-1 (8). The calculated circumfer-
ential stress due to internal pressure shall not exceed the
allowable circumferential stress S,-p in Table -3611-1.

(2) Level B Service Limits. The sum of stresses pro-
duced by maximum internal pressure, thermal expansion,
live and dead loads, and those produced by occasional
loads, such as wind and earthquake identified in the De-
sign Specifications as acting during the Service Loadings

satisfied by meeting eq. -3611-1 (9). When Level B limits
apply, the calculated circumferential stress due to maxi-
mum internal pressure shall not exceed 1.2 times the al-
lowable circumferential stress S, ¢p in Table -3611-1.

(3) Level C Service Limits. The sum of the longitudinal
stresses produced by internal pressure, thermal expan-
sion, live and dead load, and those produced by occasional
loads identified in the Design Specifications as acting dur-
ing the Service Loadings [NCA-2142(a)] for which these
limits are designated shall not exceed 1.4 times the allow-
able longitudinal stress S, p in Table.<3611-1. This re-
quirement is satisfied by meeting eq. ~3652.2(9), using a
stress limit of 1.4 S4;p in lieu of 1.2 S4; p. When Level
C Limits apply, the calculated circumferential stress due
to maximum internal pressure-shall not exceed 1.4 times
the allowable circumferential stress S,-p in Table
-3611-1.

(4) Level D Seryice'Limits. The sum of the longitudinal
stresses producéd,by internal pressure, thermal expan-
sion, live and dead load, and those produced by occasional
loads identified in the Design Specifications as acting dur-
ing the Service Loadings [NCA-2142(a)] for which these
limits are designated shall not exceed 1.8 times the allow-
ableloengitudinal stress S, p in Table -3611-1. This re-
quirement is satisfied by meeting eq. -3652.2(9), using a
stress limit of 1.8 S, p in lieu of 1.2 S4; p. When Level
D limits apply, the calculated circumferential stress due
to maximum internal pressure shall not exceed 1.8 times
the allowable circumferential stress S cp in Table
-3611-1.

-3612 Pressure-Temperature Ratings for Piping
(ND-3612)

It is recognized that variations in pressure and tem-
perature inevitably occur, and therefore the piping sys-
tem shall be considered safe for occasional operation
for short periods at higher than the Design Pressure or
Temperature as limited in -3611.2 and 11-4.1.3.

-3613 Allowances (ND-3613)

In applying the requirements of ND-3613 to this Case,
wall thickness may include the thickness of the liner for
purposes of corrosion resistance or corrosion allowance.

-3613.2 Threading/Grooving (ND-3613.2). Replace
the word “cut” in ND-3613.2 with the words “thread or
groove.”

-3622 Dynamic Effects (ND-3622)

The following requirement is in addition to the require-
ments of ND-3622.1.
(a) Design shall be such as to minimize impact forces

INCA- 2142 2( 1 € hiclh +h N Y 4 H +ad
NGz Tz (ay 10T vt trrCSC TS —ar C-aCsTEratetr

d 5k AN 'y 1 s 1 Jip:
Causea Dy ettt eXterirar o Hrerirar Conaittons:

1 Available from the National Technical Information Service, Operations Division, Springfield, Virginia 22151.
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N-155-3
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Table -3133-1

Table -3611-1

Materiat-Compressive Strength

Designation Minimum Ult. Short Term  Allowable Design

Code [Note Compressive Stress psi Compressive Stress,
6] [Note (2)] Sac, psi
1 4000 670
la 7,000 1,170
1b 10,000 1,670
2 13,000 2,170
2a 16,000 2,670
2b 19,000 3,170
3 22,000 3,670
3a 25,000 4,170
3b 28,000 4,670
4 31,000 5,170
4a 34,000 5,670
4b 37,000 6,170
5 40,000 6,670
NOTES:
(1) In accordance with Section 4.3, Mandatory Appendix II of
this Case.

(2) Determine in accordance with ASTM D695, Mandatory
Appendix II, 11-4.2.3.

Meeting the Requirements of D2992

-3640 Pressure Design of Piping Products
(ND-3640)

The requirements of ND-3641.1 shall be replaced by
the following requirements:

-3641.1 Straight Pipe under Internal Pressure. The
minimum composite thickness of pipe wall, t,,, required
for Design Pressures and for temperatures not exceéding
the Design Temperature, including allowances‘\for me-
chanical strength, shall not be less than thre"greater of
the thickness determined by eqgs. (1) and\(3) as follows:

CIRCUMFERENTIAL CALCULATION

PDy
tme=—— 2 %B
me = Ssids 1)
p25Acp(tnc — B) @
Do

LONGITUDINAL CALCULATION?

PD,
tml = 0

= +B 3
45a1p )

p = A5aLp(tmi — B)

o @

where

[Note (1)]
HDB
Designation SaLp
Code Min HDB Sacp [Note (4)],
[Note (2)] [Note (3)] [Note (4)] [Note (5)] Notes

A 2,400 2,400 1,200 [Note (6]
B 3,020 3,000 1,500 [Néte (6)]
C 3,830 3,800 1,900 [Note (6)]
D 4,800 4,800 2,400 [Note (6)]
E 6,000 6,000 3,000 [Note (6)]
F 7,600 7,600 3,800 [Note (6)]
G 9,600 9,600 44800 [Note (6)]
H 12,000 12,000 6,000 [Note (6)]
Q 4,800 2,400 1,200
R 6,000 3,000 1,500
S 7,600 3,800 1,900
T 9,600 4,800 2,400
U 12,000 6,000 3,000
w 15,300 7,600 3,800
X 19,000 9,500 4,750
Y 24,000 12,000 6,000
Z 30,000 15,000 7,500

NOTES:

(1)(Temperature limits in accordance with I1-4.1.3.

(2)~Designation Code in accordance with Mandatory Appendix II
of this Case.

(3) HDB = hydrostatic design basis strength given in the above
Table for the classification applicable to the pipe as deter-
mined by the qualification test. Values for designations A
through H are the minimum required stresses to failure in
150,000,000 cycles by D2992 Method A. Values for designa-
tions Q through Z are the minimum required stresses to failure
in 100,000 hr by D2002 Method B.

(4) The use of these allowale stress values is limited to services
where the number of full pressure cycles is limited to
100,000 cycles during the design life of the system. For ser-
vices requiring more than 100,000 cycles, use one-half the val-
ues shown for S,cp and S, p.

(5) Sa.p may be taken as the higher of this value or a value of
SaLp determined by S, p = Sy K-
where
Sy = minimum required longitudinal tensile strength given in
Table 11-4.4-1 for the designation applicable to the pipe as de-
termined by the qualification test.

- Sacp

Suc
Syc = minimum required hoop tensile strength given in Table
11-4.4-1 of this Case.

(6) The HDB as determined by Procedure A is not a requirement
but is acceptable as a design basis. When pipe has been qual-
ified by both Method A and Method B, the HDB as determined
by Method B is acceptable as the design basis.

Ky

2 Equations (3) and (4) may not apply for pipe in which the hydrostatic axial loads are not supported by the pipe wall as may occur in
systems using bell and spigot joints and thrust blocks. The equations may be modified to reflect the anticipated axial service loads (see -3652).
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B = an additional thickness in inches which shall be

used as stipulated in (a) through (d) below.

CASE (continued)

N-155-3

tm = larger of t,,, t;;; = minimum required compo-
site wall thickness determined by primary cir-

SACP/
SALP

(a) To compensate for either material re-
moved or wall thinning or both due to grooving
as in ND-3613.2.

(b) To provide for mechanical strength of the
pipe. Small diameter, thin wall pipe is suscepti-
ble to mechanical damage during installation,
operation, or maintenance. Accordingly, means
shall be employed to protect such piping against
these types of loads if they are not considered as
Design Loads. Increased wall thickness is one
way of contributing to prevention of mechanical
damage.

(c) To provide for erosion. Since erosion var-
ies widely from installation to installation, it is
the responsibility of designers to determine the
proper amounts which must be added for this
condition as in ND-3613.1. Increasing liner thick-
ness is an acceptable alternative to increasing
the composite wall thickness when compensat-
ing for erosion.

(d) To provide for additional stresses due to

moments. In this type of piping, designing for
pressure only might cause allowable stresses to
be reached in either the circumferential or longi-
tudinal directions, leaving no margin for addi-
tional stresses due to moments. In preliminary
design, when large moments are expected in
the longitudinal directions, it is suggested/that
the Factor B in eq. (3) be increased by an amount
equal to the value of the first term. For\final de-
sign, this factor must be adjusted as necessary, to
meet eqs. -3652.1(8) and -3652.2(9):
outside diameter of pipe, inches."When calculat-
ing the allowable working pressure of pipe on
hand or in stock, the actual measured outside
diameter and actual mieasured minimum wall
thickness excluding®he liner at the thinner end
of the pipe may.be used to calculate this pres-
sure. Care must-be exercised to assure that the
value of D \is)for the maximum possible outside
diameter-allowable under the purchase
specification.
Internal Design Pressure, psi. When computing
theDesign Pressure for a pipe or a definite mini-
mum wall thickness by eqs. (2) and (4), the value
of P obtained by these equations may be
rounded to the next higher unit of 5.

= maximum allowable composite circumferential

and longitudinal stress, respectively, in wall ma-
terial due to internal pressure, at the Design
Temperature, psi. The values of S,cp and S, p
shall be taken from Table -3611-1 for the respec-

cumferential (eq. (1)) or longitudinal (eq. (3))
stress in inches. If pipe is ordered by its nominal
wall thickness, the manufacturing tolerance on
wall thickness is to be taken into account. The
minimum wall thickness may include several
noncontributing layers that have been consid-
ered in establishing the stress allowablesi/The
minimum wall thickness excludes the linéx-thick-
ness and/or exterior dress-coating.. After the
minimum pipe wall thickness, ¢, »is’determined
from the greater of eqs. (1) and)(3), this mini-
mum thickness shall be increased by an amount
sufficient to provide the manufacturing
tolerance.

Curved Segments\of Pipe (ND-3642)

In lieu of the requirements of ND-3642.1 and
ND-3642.2, the following shall apply:

-3642.1 Elbows. Except as permitted by -3642.2 of
this Case, elbows shall meet the requirements of Manda-
tory Appendix 1.

-3642

-3642.2° Mitered Elbows. Mitered elbows are not re-
quired.to meet the requirements of Mandatory Appendix
[‘provided the miters meet the requirements of -3644 and
=4200 of this Case and the pipe from which they are made
meets the requirements of -2111 and -3641 of this Case.

-3643 Intersections (ND-3643)

-3643.1 Requirements. ND-3643.1 applies with the
following exceptions:

The requirements in ND-3643.1(c) shall be replaced with
the following:

(c) Branch connections in piping may be made by using
one of the products or methods set forth in (1) through
(4) below.

(1) A branch connection may be made by attaching
the branch pipe directly to the run pipe, in accordance
with the requirements of -3643.3 of this Case.

(2) Open-molded, in accordance with the require-
ments of -3643.2.

(3) Filament wound, in accordance with the require-
ments of -3643.2.

(4) Compression-molded, in accordance with the re-
quirements of -3643.2.

-3643.2 Branch Connections Not Requiring Rein-
forcement (ND-3643.2). Replace ND-3643.2 with the
following:

Reinforcement is not required if the branch connection
is made as a fitting in accordance with Mandatory Appen-
dix I. Such branch connections may be of the open
molded, filament wound, or compression-molded types.

tive material and Design Temperature.

-3643.3 ND-3643.3 applies with the following
exceptions:
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Replace ND-3643(a) with the following:

/n) A ]'\v"\v\r‘]n nnnnnn toR-nais bhamada by -\ffnr‘]n ina e—l«a
B 1 &Y £

ASME BPVC.CC.NC-2023

(-c) Sixty % of the required reinforcement shall be
within the limits of Reinforcement Zone 2 as defined in

may-bena
branch pipe directly to the run pipe and adding reinforce-

ment in accordance with (b) and (c) below:

The requirements of ND-3643.3(b) shall be replaced
with the following:

(b) Branch connections made to the requirements of
-3643.3 and -4200 are not required to meet the require-
ments of Mandatory Appendix I. The use of such branch
connections is limited to nonflammable, noncyclic ser-
vices with incompressible fluids at pressures of 100 psi
(689 kPa) and less, and gaseous vents to the atmosphere.
Branch connections used in other services or at higher
pressures shall meet the requirements of Mandatory
Appendix 1. Noncyclic service is service of less than
7000 full pressure or temperature cycles during the ex-
pected lifetime of the piping system.

(c) See ND-3643.3(c). Where ND-3643.3(c) refers to
Figs. ND-3643.3(c)(1)-1 and ND-3643.3(c)(1)-2, it shall
be taken to refer to Figure -3643.3(c)-1 for FRP pipe.

Revise the definition of t, to the following:
t. = thickness of reinforcement
Add the following to the list of Nomenclature:

Lmsop = minimum overlay branch, shear length required
Lmson = minimum overlay run, shear length required
Sacp = allowable composite circumferential stress in
pipe
Saro = allowable tensile stress in overlay reinforce-
ment, Table -3643-1

Replace ND-3643.3(c)(3) with the following:

(3) Reinforcement Area and Shear Length. The required
reinforcement area in square inches for the\branch con-
nections and the minimum shear lengthiof the overlay
in inches shall be in accordance with«fa) through (-f).

(-a) The required reinforcement area shall be
2(2 - sima)typ dl SAcp
SA

(-b) One hundred % of the required reinforcement
shall be within the limits of Reinforcement Zone 1 as de-
fined in (5)(-a).below.

Table -3643-1
Overlay Tensile Stress

Min. Ult. Short Term
Tensile Stress, psi

Allowable Design
Tensile Stress of

(5)(-b) below.

(-d) In no case shall excess thickness in the header
pipe or branch pipe being joined be counted as
reinforcement.

(-e) The minimum shear length of the header over-
lay shall be

Sacp

Lmsoh = th Saso

where

Saso = allowable shear strength for the overlay bound
(Table -3643-2)

The minimum shear length forthe branch pipe shall
be

SACP

Lfasob=th = S
ASO

(-f) When the.ratio of S,cp/Saso is less than 1, the
value of 1 shall'be used in satisfying the requirements
of this paragraph.

Replqte’ ND-3643.3(c)(4) with the following:

(4)“4reas Contributing to Reinforcement. Material
needed to meet the reinforcement required by
<3643.3(c) must be within the limits of Reinforcement
Zones 1 and 2 as determined in ND-3643.3(c)(5) and
may include the following areas:

(@)

A, A, = areas providing reinforcement in Zone 1 and
Zone 2

(-b)

Az Ay,
As, Ag = areas providing reinforcement in Zone 1

Replace ND-3643.3(c)(5) with the following:
(5) Reinforcement Zones. The zones are parallelograms
of length and width, defined as follows:

(-a) Zone 1 — The length of the parallelogram shall
extend from each side of the center line of the branch pipe
to a distance of Ly, + (dy + t,p) / 2. The width shall
start at a distance of t,, from the inside surface of the
run pipe, and extend to a distance of L,,s,p — t;p / 2, from
the outside surface of the run pipe.

(-b) Zone 2 — The length of the parallelogram shall
extend from each side of the center line of the branch cen-
ter line a distance of d,. The width shall start at a distance

[Note (1)] Overlay, S, 1o, psi of t,, from the inner surface of the header pipe, and ex-
20,000 3,300 tend a distance of L + t,, from the outer surface of the
header pipe.
NOTE:

(1) Determined in accordance with ASTM D638.

Replace ND-3643.3(c)(6)(a) with the following:
(6) Reinforcement of Multiple Openings
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Figure -3643.3(c)-1
Reinforcement of Branch Connections

Boundary

/AN
/ —

L_p, 7

Lmsoh
3
Legend:
A4, A, = Areas of reinforcement,within Zone 1 and Zone 2.
Az, Ay, As, Ag = Areas of reinforcemént within Zone 1.
thn tnp = Nominal wall of header, branch.
GENERAL NOTE: Explanatiohs-of Areas
S,
Required reinforcement area = Zt,,h(dl](Z — sin 0:)5“1i
ATO

NOTES:

(1) Sixty % of required total replacement areas must be contained within A; and 4,.

(2) Lmsop and L, 5,5, are the minimum shear lengths of overlay applied to the header and branch, respectively.

(3) When the end of the overlay is tapered, the required shear length may not be considered past the point where the overlay thickness has
decreased to 50% of t..

(4) 1t is desirable to place reinforcement on both the inside and outside of the branch connection. If size does not permit the practice, the over-
lay may be placed outside the branch only.
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Table -3643-2

ASME BPVC.CC.NC-2023

discontinuity stresses which exist at the junction between
segments. The discontinuity stresses are reduced for a

Overtay Strear Strength
Min. Ult. Short Term

Shear Strength of Overlay,
psi [Note (1)]

Allowable Design Shear
Stress of Overlay, S 450, psi

500 250
1,000 500
1,500 750
2,000 1,000
2,500 1,250
3,000 1,500
NOTE:
(1) Determined in accordance with ASTM D2517, Section
8.8.

(-a) When any two or more adjacent openings are so
closely spaced that their reinforcement zones overlap, the
two or more openings shall be reinforced in accordance
with -3643.3 with a combined reinforcement that has a
strength equal to the combined strength of the reinforce-
ment that would be required for separate openings. No
portion of the cross section shall be considered as apply-
ing to more than one opening or be evaluated more than
once in a combined area.

Replace ND-3643.3(c)(7) with the following:
(7) Rings, Pads and Saddles

(-a) Reinforcement provided in the form of rings,
pads, or saddles shall have sufficient thickness, material
strength, and bond shear length to meet the requirements
of -3643.3(c)(1) through -3643.3(c)(6) of this Case.

(-b) Alternatively if a saddle-pipe assembly.nieets
the requirements of Mandatory Appendix I, the require-
ments of (-a) above need not be met.

-3643.4 Integrally Reinforced Qutlets (See Fig.
ND-3643.4-1). ND-3643.4 does not apply to RTRP.

-3643.6 Branch Connections Subject to External
Pressure.

(a) The reinforcement areafor branch connections sub-
ject to external pressurelshall be 50% of the required re-
inforcement area under.internal pressure.

(b) The required.branch and run shear lengths shall be
the same as the required shear lengths under internal
pressure.

(c) Procedures established for connections subject to
internal pressure shall also apply for connections subject
to external pressure.

=3644 Miters (ND-3644)

Replace ND-3644 with the following:
Mitered joints may be used in RTRP piping systems un-
der the conditions stipulated in (a) through (f) below.

given miter as the number of segments is increased.
These discontinuity stresses may be neglected for miters
in nonflammable, nontoxic, noncyclic services with in-
compressible fluids at pressures of 100 psi (689 kPa)
and under, and for gaseous vents to atmosphere. Miters
to be used in other services or at higher pressures shall
meet the requirements of Mandatory Appendix I.

(b) The number of full pressure or thermal cycles. shall
not exceed 7,000 during the expected lifetime of the/pip-
ing system.

(c) The angle 6 in Fig. ND-3673.2(b)-1 shall not be
more than 15 deg.

(d) The center line distances betwegen adjacent miters
shall be a minimum of S = 2L,5, #Dg'sin 0

(e) Butt and strap joints shall be-used to join segments
together. Manufacture and design shall be in accordance
with -3665, where the thickness of the overlay and shear
length shall be increased, as required to compensate for
bending moments of{-3672.

(f) As an alternative to the requirements of -3644, fit-
tings made with.miter joints shall meet the requirements
of Mandatory‘Appendix 1.

-3645  ‘Attachments

Theyrequirements of ND-3645 shall be replaced with the
Sfollowing:

(a) External and internal attachments shall be designed
so that local stresses occurring as the result of induced
bending moments, forces generated by thermal gradients
between dissimilar materials, pressure and thermal elon-
gations, and other occurrences do not exceed allowable
stresses. All attachments shall be constructed to minimize
stress concentrations and preserve the flexibility of the
system.

(b) For supported pipe, refer to ND-3676.9.

(c) Adhesive shear strengths for bonded attachments
shall be in accordance with Table -3662-1.

-3646 Closures

The requirements of ND-3646 shall be met, except that
(c) shall be replaced with the following:

(c) Connections to closures may be made by fiber glass
overlaying or threading, and the reinforcement of the con-
nection shall comply with -3643 of this Case. If the size of
the opening is greater than one-half the inside diameter of
the closure, the opening shall be designed as a reducer in
accordance with ND-3648.

-3647 Pressure Design of Flanged Joints and Blanks
(ND-3647)

-3647.1 Flanged Joints. The requirements of
ND-3647.1 shall be met except that the allowable pres-

(n) The thickness of 3 seament of a miter shall be deter
(=)

mined in accordance with -3641.1. The required thick-
ness thus determined does not allow for the

sure ratings and dimensionsfor RTR flanages shall be as
O o

given in Mandatory Appendix V and the following re-
quirements shall be met.
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(a) RTR Flanges and blanks may be used in Class 3 pip-
ing systems. RTR flanges shall only be used for sealing

CASE (continued)

N-155-3

-3652.1 Design Loads. The effects of pressure, pres-
sure elongation, thermal expansion, weight, and other

against flat-faced flanges. The use of raised-face flanges
within the bolt circle without a filler ring, or diaphragm-
type ring flanges made of RTR or joined to RTR flanges
are prohibited unless the flange has been specifically de-
signed for this type of connection.

-3647.2 Permanent Blanks (ND-3647.2).
(a) Permanent blanks made of RTR may be used pro-
vided dg in eq. (8) of ND-3647.2 is defined as follows:

ds

the inside diameter of the gasket O-ring or flat-
faced flange.

S./6, where S, is tensile strength as determined by
the Method of ASTM D638.

(b) Blanks for use with RTR flanges shall be full-faced
blanks.

(c) Temporary blanks (ND-3647.3).

When an RTR blank is used for test purposes only, it
shall have a minimum thickness of not less than the pres-
sure design thickness, t, calculated from eq. (8), of
ND-3647.2 except that P shall not be less than the test
pressure.

-3647.4 Flanges (ND-3647.4). Flanges constructed
from RTR may be used in Class 3 piping systems for seal-
ing against other RTR or steel flat-faced flanges. Flanges
shall be designed to resist bending and axial pull-out
forces calculated in the analysis.

-3647.5 Gaskets (ND-3647.5). Gaskets for use4wvith
RTR flanges shall be either the full-faced or O-ring type,
and the gasket material shall be an elastomer material
in accordance with the conditions of ND-3647%.5(a).

-3647.6 Bolting (ND-3647.6). The réquirements of
ND-3647.6 apply for bolting.

S

-3648 Reducers (ND-3648)

RTR reducers shall be designed in accordance with egs.
-3641.1(1) and -3641.1(3) and analyzed in accordance
with -3652.4 and -3672!

-3649 Pressure Design of Other Pressure Retaining
Piping-Products (ND-3649)

Expansien jeints shall comply with ND-3649.

-3650.Analysis of Piping Systems — General
Requirements (ND-3650)>

=3651 Scope

ND-3651 applies except that eq. ND-3652.3(10) in
ND-3652.3 shall not apply to RTR piping systems.
ND-3652 applies except that ND-3652.3 does not apply,
and the requirements of -3652.1, -3652.2 and -3652.4
shall be met in lieu of those in ND-3652.1 and ND-3652.2.

sustained mechanical loads shall meet the requirements
of eq. (8).

PDy iMy M
—=0 ,075—4 + —C <1058
at, Z 7 ALP (8)

D, = outside diameter of pipe, in.
i = stress intensification factor (-3673.2). The pro-
duct of 0.75 i shall never be taken‘as less than 1.0
M, = resultant moment-loadingdn cross section due to
weight and other sustained“loads, in.-1b
M, = resultant moment dué-to*thermal expansion and
pressure elongation,xin.-1b. Also include moment
effects due to @nchor displacement resulting
from thermalexpansion
P = internal Désign Pressure, psi
Sarp = allowable)composite longitudinal stress from
Table -8611-1 for straight pipe, and Table 7 of
Mandatory Appendix I for fittings, psi
ty = minimum composite wall thickness as defined in
=3641.1, in.
%= section modulus of pipe, in.® (-3652.4).

-3652.2 Occasional Loads. The effect of pressure,
thermal expansion, weight, other sustained loads, and oc-
casional loads including earthquake shall meet the re-
quirements of eq. (9).

bnalo | 75 ’(MA; Mp) % < 1.254p ©)

tm

Terms same as eq. -3652.1(8), except

Mp = resultant moment-loading on cross section due
to occasional loads, such as, thrusts from relief-
and safety-valve loads from pressure and flow
transients, and seismic, if the design specifica-
tions require the calculation of moments due to
seismic and non-repeated anchor displacements.
For seismic, use only one-half the range. Effects
of anchor displacement due to seismic must be
included.

Pax = peak pressure, psi

Reference to eqs. -3662(10) and -3662(11) and to
ND-3652.3 in ND-3652.4(a) does not apply to RTR piping
constructed in accordance with this Case.

-3652.4 Determination of Moments and Section
Modulus (ND-3652.4). ND-3652.4 shall apply except that
subpar. (b) shall be modified to read:

3 The pressure term in eqs. (8) and (9) may not apply for pipe in which the hydrostatic axial loads are not supported by the pipe wall as may
be the case in pipe systems with nonrestrained joints and thrust blocks. The term may be modified to reflect the anticipated axial service loads.
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(b) For the purposes of eqgs. -3652.1(8) and -3652.2(9)
of this Case, the section modulus for straight-through

ASME BPVC.CC.NC-2023

where

components, curved pipe, elbows for full-outlet branch
connections, may be calculated as follows:

2
nD
7Z=—t
4 m

where

D = mean diameter, in.
tm minimum composite wall thickness, as defined in
-3641.1, in.

-3660 Design of Restrained Joints
-3661 Scope

Restrained joints are defined in -4321. The following
types of restrained joints may be used in RTR piping
systems.

(a) Bell and spigot adhesive-bonded joints (-3662).

(b) Bell and spigot adhesive-bonded joints with lami-
nated fiberglass overlay (-3663).

(c) Bell and spigot gasket joints with laminated fiber-
glass overlay (-3664).

(d) Butt and strap joints (-3665).

(e) Flanged joints (-3671.1).

Restrained joints shall meet the applicable require-
ments of -3662 through -3665.

-3662 Bell and Spigot Adhesive Bonded Joints

Adhesive bonded joints are permitted provided the
available socket length of the bell and the minimtm shear
strength of the adhesive satisfy the requireménts of egs.
(10) or (13).

1 2 2
Lmsazﬂ F{ +8 (10)

MM BT

F,
1 L. 2 2mr

(1

where

Lmsqa = minimum required adhesive shear length, in.
(see_Pigure -3662-1).
M, s-same as Nomenclature of -3652.1
M ‘=\same as Nomenclature of -3652.1
P~= Design Pressure, psi
r = mean pipe radius, in.
Sasa = allowable adhesive shear stress, psi, (see Table
-3662-1).
T, = longitudinal thrust loads, 1b

T =toTSional TIOIeTt, 1. 1h:
Linsa = tm (13)

where

t, = minimum composite wall thickness, as defined
-3641.1, in.

-3663 Bell and Spigot Adhesive Bonded Joints, With
Laminated Fiberglass Overlay

A laminated fiberglass overlay may be used over a bell
and spigot adhesive bonded joint as_ah.alternative to the
requirements of -3662. In such cases the total overlay
shear length shall be determined-by eqs. (14) or (15)
(Figure -3663-1).

fodes 2
Fi™+Fy  Sasalsa (14)

Saso Saso

Lmso \

SALP SasA
o tm— " Lgg

(15)
Saiso " Saso

Linso =

where

= minimum shear length of overlay, in. [see Figure
-3643.3(c)-1, Note (3)]
Lsq = bell and spigot adhesive shear length, in. F; and
F,, as defined in -3662.
Saso = allowable shear stress of the overlay, psi

Lmsa

The required minimum overlay thickness shall be in ac-
cordance with eq. (16) (Figure -3663-1).

— Lmso Saso

(16)
Sato

tm [

Table -3662-1
Adhesive Shear Strength

Min Ult. Short Term Shear Allowable Design Shear
Strength of Adhesive, psi Stress of Adhesive, S,s54,

[Note (1)] psi
400 70
600 100
800 130

1,000 170
1,200 200
1,400 230
1,600 270
1,800 300
2,000 330

M,
Fy=—T 12
2 2mr? (12)

NOTE:
(1) Determined in accordance with ASTM D2517
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where

CASE (continued)

N-155-3

Selection and Limitation of Nonrestrained
Piping Joints (ND-3671)

-3671

SAT0 = dlfowable tensite Stress of the overtay, pst-
tmo = minimum thickness of overlay, in.

-3664 Bell and Spigot Gasket Joints With Laminated
Fiberglass Overlay

A laminated fiberglass overlay may be used to provide
longitudinal strength in gasket joints. The minimum shear
length shall be per eq. (17) or (18). The minimum overlay
thickness shall be per eq. (19) or (20) (Figure -3664-1).

1 2 2
Lmso:% F+F (17)

where

= minimum shear length of overlay, in. [see Figure
-3643.3(c)-1, Note (3)]

Saso = allowable shear stress of the overlay, psi, Table

-3643-2.

Lmso

F; and F, are as defined in -3662.

Saipt
Lmso = Zg- " ™ (18)
2
to = Tp, + mr°P + 2Myr (19)
2nr SATO
Saipt
to = SALP'm 20)
SaTO

where
Saro = allowable tensile stress of overlay;,psi (see Table
-3643-1)
tmo = minimum thickness of overlay, in.

-3665 Butt and StrapJoints

The minimum required thickness of the overlay materi-
als shall be per eq.-3664(19) or -3664(20). The minimum
shear length-shall be per eq. -3664(17) or -3664(18)
(Figure -3665-1).

Expanded or rolled joints (ND-3671.2), flared, flareless
and compression-type joints (ND-3671.4), and brazed
and soldered joints (ND-3671.6) shall not be used.

-3671.1 Flanged Joints (ND-3671.1). Replace
ND-3671.1 with the following: Flanged joints shall meet
the requirements of -3647 of this Case.

-3671.3 Threaded Joints (ND-3671.3). . Threaded
joints may be used in accordance with this Case-Pressure
and temperature limitations shall be withinsthe limits sta-
ted in -1110(a) of this Case.

(c) Replace ND-3671.3(c) with the following: Mechani-
cal cutting of threads on RTR pip¢ is not permitted.
Threads, when used, shall meet the requirements of
ASTM D1694.

Add the following additional paragraph to ND-3671.3:

(d) Threaded pipe-shall meet the requirements of
ND-3613.2 except When the threaded ends are increased
in thickness to compensate for the threads.

-3671.8_\ Gasketed Joints (Unrestrained). Unrest-
rained joints are defined in -4322. Gasketed bell and spi-
got joints may be used, provided longitudinal restraints
are‘provided. Flexible elastomeric seals may be used as
the'sole sealing element where the contained and sur-
rounding environment is not injurious to the gasket at
the design pressure and temperature. The elastomeric
seal shall be held in circumferential compression within
an annular cavity, in either the spigot or bell ends of the
pipe. The performance of this joint shall meet or exceed
the requirements of ASTM D3139.

The user and designer of this connection are cautioned
to apply special longitudinal restraints in the form of har-
nessing lugs, laminated fiberglass overlays, or special an-
chors that may reduce the flexibility of the system. These
special restraints are required to prevent separation of
the joint and may apply a longitudinal stress in the pipe.
Metal harnesses, anchors, or supports shall comply with
Subsection NF. Where longitudinal restraints are not
used, the designer shall consider angular joint rotation,
thermal contraction and the Poisson effect in designing
the length of the joint so as to eliminate joint pullout
due to those conditions.

Figure -3662-1
Bell and Spigot Adhesive Bonded Joint

Bell

Spigot

Adhesive —/
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Figure -3663-1

I < Lsa " 45 deg max. — tmo

-3672 Expansion and Flexibility (ND-3672)

-3672.1 General Requirements (ND-3672.1). The re-
quirements for expansion and flexibility given in
ND-3672, when applied to elongation due to pressure
may be a significant factor and must be considered in
the flexibility analysis. The effects of stresses due to ther-
mal expansion, pressure elongation, and other move-
ments shall be combined with stressed due to other
causes in accordance with -3650 of this Case, in lieu of
ND-3650.

-3672.2 Properties. Thermal expansion data and
moduli of elasticity shall be determined in accordance
with the following paragraphs in lieu of the tables re-
ferred to in ND-3672.2.

(a) Thermal expansion of the system shall be calculated
using a coefficient of linear thermal expansion of 15 x
107%/F unless a measurement of the actual coefficient is
performed using the method of ASTM D696-70.

(b) The longitudinal modulus of elasticity~shall be as
given in Table 11-4.4-1.

-3672.3 Thermal Expansion and®Pressure Elonga-
tion Range (ND-3672.3). For flexibility analysis, the total
elongation shall be the sum of\the thermal expansion
range plus the pressure elongation range. The thermal ex-
pansion coefficient shall/be.determined from -3672.1 as
the difference between.the unit expansion for the highest

material temperature and the lowest material tempera-
ture resulting from operating and shutdown conditions.
When RTR is exposed considération shall be given to tem-
perature rise due to heating by the sun. The pressure
elongation range shall(be based on the difference in the
highest and lowest ‘pressure resulting from operating
and shutdown conditions. The pressure elongation shall
be determined-by*using Young's modulus in the longitudi-
nal directiofk

-3672.4" Moduli of Elasticity (ND-3672.4). For pur-
posesyof flexibility calculations in the longitudinal direc-
tion; the modulus of elasticity shall be based on the
geometric mean of the longitudinal compressive, E ¢,
and tensile, E; 7, modulus as indicated by eq. (21).

E= JE > Ec (21)

E ;¢ = compressive, longitudinal modulus, psi from Table
[1-4.4-1, according to ASTM D695 using longitud-
inally oriented strain gages

E,r = tensile, longitudinal modulus, psi from Table
[I-4.4-1, determined according to ASTM D2996
using longitudinally oriented strain gages

Figure -3664-1
Bell and Spigot Gasket Joint With Laminated Fiberglass Overlay
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Figure -3665-1

Buttand-Strap Joint
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-3672.5 Poisson's Ratio (ND-3672.5)

Poisson's ratio, when required for flexibility calcula-
tions, shall be taken as 0.25. As an alternative Poisson's
ratio may be determined using the test method of ASTM
D2105 with longitudinally and circumferentially oriented
strain gages.

-3672.6 Stresses (ND-3672.6). The allowable stress
range in ND-3672.6(a) and ND-3611.2 does not apply to
RTRP.

-3672.9 Stress Calculations (ND-3672.9). Calcula-
tions for the stresses shall be based on the least cross-
sectional area of the pipe or fitting using minimum di-
mensions at the point of local strain. Thermal expansion
stresses shall be based on the modulus of elasticity at
the Design Temperature. Allowable stress and permissi=
ble additive stresses shall be in accordance with -3650.

-3672.10 Moment of Inertia and Cross-Sectional
Area. For purpose of flexibility analysis the moment of in-
ertia and cross-sectional area shall be based.on the nom-
inal thickness t,, as defined in Table -31.30.

-3673 Analysis (ND-3673)

Revise ND-3673 as follows:

In lieu of the values of k and i given in ND-3673.2(b)
the following shall be used. As required by I-6.3 of Manda-
tory Appendix I, fitting Design Pressure rating shall be at
least equal to that of pipe.

For all configurations k = 1.

For fittings whose wall thickness is three times that of
the pipeor-greater use i = 2.3, or as an alternative experi-
mental'wvalues determined in accordance with the method
described below may be used.

For fittings of thickness ratios less than three times that
of the pipe the value of i shall be determined experimen-
tally using the methods described in “Fatigue Tests of Pip-
ing Components” by A.R.C. Markl, ASME Transactions,
1952 Paper No. 51-PET-21 also published in “Pressure
Vessel and Piping Design.” The base line test for i = 1.0

The following test procedures shall be followed in ex-
perimentally determining the stress/intensification factor
“i”

(a) Obtain force deflection-curves from testing straight
pipe specimens in a fatigue\testing machine before start-
ing the test where the pipe’and geometry is similar to Fig.
18 of Markl's paperiusing data to establish applied
moments.

(b) Conduct-a'series of deflection-controlled fatigue
tests on straight pipe and plot the results on a single
log-log cayve.

(1)Obtain a force deflection curve from testing the
pipé€omponent using data to establish applied moments.

(2) Conduct a series of deflection-controlled fatigue
tests on each piping component. Plot the results of each
fitting component superimposed on the straight pipe
log-log curve.

(c) Calculate the stress intensification factor as out-
lined in Markl's paper where the following conditions
shall be met.

(1) The geometry of the test fixture and tested com-
ponents shall be established such that data points are va-
lid only if a failure occurs in or adjacent to the test fitting,
and away from the end grips buildup area for straight
pipe.

(2) In computing the stress in the fitting and the pipe
due to applied moments the section modulus of the pipe
shall be used.

Replace ND-3673.2(c) with the following: The total
expansion range including pressure elongation as deter-
mined from ND-3672.3 shall be used in all calculations.
Not only expansion, but linear and angular movements
of the equipment to which the pipe is attached shall be
considered.

-3676.9 Supports — General

(a) The rules of ND-3679.9 shall apply where the refer-
enced supports of Subsection NF are utilized, but special
provisions must be applied at the attachment of supports
to fiberglass reinforced plastic pipe:

(b) Welding cannot be used to attach supports to pipe.

shall be g test of cfrc\ighf pipo with a3 chanaoe in thickness
=)

similar in geometry to the upset forging used in the Markl
tests.

(r) nnving installation prnr'anfinnc shall be taken to
7

prevent overheating of the RTRP if welding or other heat-
ing operation is done in close proximity to the pipe.
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(d) Special design consideration shall be given at at-
tachment points, to avoid overstressing the pipe, as noted

ASME BPVC.CC.NC-2023

-4121.1 Certification of Tests and Examinations. If
the N Certificate Holder performs tests, repairs, or exam-

in -3645 (ND-3645).

(e) RTRP material exhibits a much lower modulus of
elasticity than steel and this may require the designer
to use shorter span lengths between supports. The stress-
es induced in the piping system by supports shall be con-
sidered by the designer and shall include, but not be
limited to, the following:

(1) Pipe-span deflection,

(2) Command maximum longitudinal/midspan flex-
ural stress,

(3) Local longitudinal flexural stresses at the horns of
the saddle,

(4) Shear stress,

(5) Thermal and pressure expansion and contraction
of the pipe line, and

(6) Weight effects of valves and attachments.

(f) The pipe shall be supported on a saddle whose
bearing shall have a width of at least '/, the nominal pipe
diameter and contact a minimum of 120 deg of the pipes'
surface. Other types of pipe supports which avoid point
loading and sliding abrasion of the pipe wall may be used.

(g) Vertical pipe runs may be supported by a bonded
collar contacting 360 deg of the pipes' surface. When that
type of support is used the designer shall consider at least
the tensile loading and bending loading in the pipe. A fric-
tion clamp shall not be used to support the pipe.

-3690 Dimensional Requirements for Piping
Products (ND-3690)

Dimensions of piping components shall be ‘ih.accor-
dance with the requirements of this Case and(the design.

-4000 FABRICATION AND INSTALLATION
REQUIREMENTS

-4100 GENERAL REQUIREMENTS
-4110 Scope

RTR piping subas$emblies shall be manufactured and
installed in accoydance with the rules of this Case.

-4120 Certification of Materials and Fabrication
by N Certificate Holder

-4121"\"‘Means of Certification

The Certificate Holders utilizing the provisions of this
Case for an RTRP Subassembly or System shall certify,
by preparation of the appropriate Data Report (NPP-1
and N-5) that the materials used comply with the require-
ments of -2000 and that the fabrication or installation

inations required by this Case, the N Certificate Holder
shall certify that he has fulfilled that requirement. Reports
of all required tests, repairs and examinations performed
shall be available to the Inspector.

-4122 Materials Identification

Material for pressure retaining parts shall carry the
identification markings required by the material sp€cifi-
cation and by this Case which will remain distinguishable
until the component is assembled or installed. Ifthe origi-
nal identification markings are cut or the,material is di-
vided, the same marks shall either be’accurately
transferred to the parts prior to cuttinig'er a coded mark-
ing shall be used to assure identification of each piece of
material during subsequent fabrication or installation. In
either case, an as-built sketch or-a tabulation of material
shall be made identifying each piece of material with
the Certified Materials*Test Report, where applicable,
and the coded marking,Adhesives and laminating materi-
al shall be identified-and controlled so that they can be
traced to each.eomponent or installation of a piping sys-
tem, or else-a‘c¢ontrol procedure shall be employed which
ensures thatvthe specified materials are used.

-4123 *Testing of Adhesives, Bonding and Laminating
Materials

All adhesives, bonding and laminating materials shall
meet the requirements of -2000 of this Case.

-4130 Elimination and Repair of Material Defects

Defects in materials which were detected on delivery or
which are discovered during the manufacture or installa-
tion may be eliminated or repaired by laminating pro-
vided the defects are removed, repaired, and examined
in accordance with the requirements of -2900.

-4200 QUALIFICATION OF JOINING METHODS AND
JOINER FOR ADHESIVE BONDED AND
LAMINATED OVERLAY JOINTS

-4210 General

Prior to manufacture or fabrication of adhesive bonded
and laminated overlay joints [-3661(a), -3661(b),
-3661(c), and -3661(d)] the Certificate Holder shall pre-
pare and qualify complete written procedure specifica-
tions for the fabrication of the joints. The procedure
specification shall include but not be limited to the essen-
tial variables and nonessential variables given in -4221.1
and -4221.2.

-4211

Prior to joining pipe and fittings, personnel shall be

Qualification of Joiners

rr\mp]y with the roqnivnmanfc of this Case- The method

for applying the Code symbol, shall be reviewed and ac-
cepted by the Authorized Inspector.

qnc\]iﬁ'nr‘ in-accordancewith written pvr\r‘nr]nroc The

qualification test for the joiner shall consist of making a
joint as specified in -4220(a) for qualification of
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procedures using the same procedure to be used in pro-
duction joints, and the joint shall be tested in accordance

CASE (continued)

N-155-3

(b) Resin Specification property changes that exceed
the specified tolerance for that property as given on Form

with -4220(b). Qualification on one procedure does not
qualify a joiner for any other procedure.

-4212 Responsibility for Qualification of Joining
Procedures and Joiners

Each Certificate Holder is responsible for the joining
done by his organization and he shall establish the proce-
dure and conduct the tests required by this -4200 in order
to qualify both the joining procedures and the joiners who
apply those procedures.

-4220 Qualification Tests

Procedure specifications shall be qualified as follows:

(a) An assembly shall be fabricated in accordance with
the procedure specifications. The assembly shall consist
of at least one pipe-to-pipe joint and one pipe-to-fitting
joint. The size of the pipe used for the assembly shall be
as follows:

(1) When the largest size to be joined is 4 in. or smal-
ler, the test assembly shall be the same nominal diameter
as the largest size to be joined.

(2) When the largest size to be joined is greater than
4 in. nominal diameter, the test assembly shall be made of
pipe having nominal diameter either 4 in. or 25% of the
nominal diameter of the largest pipe to be joined, which-
ever is greater.

(b) When the assembly has been cured it shall be<sub-
jected to a hydrostatic pressure test to at least four times
the design pressure of the pipe as determined by the rules
of -3641.1. The test shall be conducted such that the joint
is loaded in both the circumferential and longitudinal di-
rection. For joints which are intended to(be used in piping
systems which have restrained ends so as to eliminate the
axial pressure load, a restrained @nd hydro test may be
performed. Such a test, however, qualifies joints which
are used in a restrained system only and do not qualify
the joint for a system unrestrained in the axial direction.

(c) The joints shall-notleak or separate when tested in
accordance with (b).

-4221 Joining-Variables

Essential-variables are those variables of the joining
processiin which a change, as described under the specific
vartable, is considered to affect the mechanical properties
of'the joint and shall require revision and requalification
of the procedure specification.

-4221.1 Essential Variables — Adhesive Bonded
and Overlay Joints. A change in one or more of the fol-
lowing essential variables of the joining procedure shall
require revision of the procedure specification and

RTRP-1 (Mandatory Appendix III).

(c) Constituent Material Amounts in the composite in-
cluding percent of glass or filler. For adhesives the per-
missible change is shown on Form RTRP-2.

(d) Curing Agent property changes that exceed the spe-
cified tolerance for that property as given on Form
RTRP-1.

(e) Curing Schedule changes outside specified ranges.

(f) Joining Material types, finish, and changes in resin
or content of fillers and reinforcements.

(g) Joint Geometry type (as defined-in -3660) or a
change of more than 5 deg in the dngle between axes of
the joined components.

-4221.2 Nonessential Variables — Adhesive Bonded
and Overlay Joints. A change in one or more of the fol-
lowing nonessential variables for joining require revision
of the procedure~specification but do not require
requalification.

(a) Joint Geometry Tolerances. A change in the diameter,
wall thicknessand tolerances specified for a given joint
configuration, including alignment.

(b} Joint Preparation. A change in joint preparation in-
cluding cutoff, surface preparation and cleaning methods.

-4300 FABRICATION AND INSTALLATION
REQUIREMENTS

-4310 Procedures

All operations performed on pipe or fittings in the
course of manufacture and installation shall be performed
in accordance with written procedures. Procedures for
fabrication of adhesive bonded joints shall be qualified
by qualification tests in accordance with -4220.

-4320 Joint Types

Adhesive and nonbonded joint types are permitted.
Permissible adhesive joint types are shown in -3660.

-4321 Restrained Joints

Bonded and laminated or mechanically restrained
joints shall be capable of sustaining the longitudinal pull-
out or thrust forces and moments due to contraction or
expansion of the piping and any anticipated external or
internal forces or moments. Restrained joints include:

(a) Bell and spigot adhesive bonded joints (-3662).

(b) Bell and spigot adhesive bonded joints with lami-
nated fiberglass overlay (-3663).

(c) Bell and spigot gasket joints with laminated fiber-
glass overlay (-3664).

(d) Butt and strap joints (-3665)

rnnlnn]iﬁ'rnh'nn-

(a) Fiberglass type, finish, manufacturing process or
formulation.

(e) Flanged joints (-3647).
(f) Other mechanical joints (-4650).
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-4322 Unrestrained Joints

ASME BPVC.CC.NC-2023

(f) Joint sealing surfaces shall be free of any imperfec-
tions which would interfere with the sealing characteris-

Ulll [Shu ¢ dillt‘L‘l jUillLb b}ldll ‘JU Ldpdblc Ufbubl,dillillg fUl (S SN
caused by internal or external loadings exclusive of axial
tensile loads or other loads that would tend to separate
the joint. Unrestrained joints include:

(a) Bell and spigot with elastomeric seals (-3671.8).

(b) Flexible couplings.

Joints of the unrestricted type are not capable of sus-
taining longitudinal pressure loads, and shall be re-
strained by harnessing devices or anchors capable of
accommodating the longitudinal loads and limiting de-
flection of the pipe at the joints.

-4325 Adhesive Bonded Joints

Three types of adhesive bonded joints are permitted as
follows:

(a) Tapered bell and spigot.

(b) Straight bell and spigot.

(c) Tapered bell and straight spigot.

-4400 DIMENSIONS AND TOLERANCES
-4410 Tapered Ends

Tapered ends shall consist of tapered spigots with
either integral bells or sleeve couplings. The male or fe-
male ends shall conform to the dimensions, angles and
tolerances of Table 2, Mandatory Appendix I.

-4420 Straight Bell and Spigot, Tapered Bell and
Straight Spigot

Dimensions and tolerances for these joint types shall be
in accordance with Table I-1.

-4500 JOINING REQUIREMENTS

-4510 Bell and Spigot Joints With Elastomeric
Seal

-4511 Unrestrained

(a) Bell and spigot joints\shall be formed as a perma-
nent part of the pipe when the elastomeric gasket is to
be the sole sealing element. An exception could be a bell
x bell coupling manufactured from the same master as
the pipe used in conjunction with a spigot x spigot pipe
unit.

(b) Jointsyshall be capable of allowing angular deflec-
tion, straight pull and offset loads without leaking at the
specified test pressures of -5300.

(c) Elastomeric seals shall be of a composition compa-
tible with the service as specified in the joining
procedure.

(d) Joint configuration shall be reproducible within the
dimensional tolerances set forth in the joining procedure.

tics of the elastomeric ring.

-4512 Restrained

(a) Restrained joints shall meet the requirements of
-4511(a) through -4511(f) with the following additional
requirements.

(b) Joints may be prevented from opening or deflecting
when subjected to thrust or other loads through the usgof
steel harness arrangements or by applying a fiberglass la-
minate overwrap. See butt and strap joints for fabrication
requirements of lamination (-4520).

(c) Steel harness strength shall be at least-equal to four
times the strength required for thetcémbined service
conditions.

(d) Fiberglass laminate.

-4520 Butt and Strap Joints

Butt and strap joints are those whereby plain, square
ends of pipe or fittings of the same nominal size are joined
by an exterior and, when required, interior fiberglass
thermosetting-resin laminate. Typical configurations are
shown in Figufe -3665-1. Butt and strap joints are consid-
ered restrairied. Minimum bond lengths and laminate
thicknessés shall be determined in accordance with
-3665;

<4600 RULES FOR JOINING

-4610 Adhesive Bonded, Tapered Bell and Spigot
Joints

-4611 Cutting

All cuts shall be square and clean. Frayed or delami-
nated edges are not permitted. Clamps or other holding
devices used during cutting shall be designated to prevent
damage to the material being cut.

Material through 16 in. nominal diameter prepared for
joining shall be cut square within the requirements of
Table -4611. For larger sizes the cut shall be within
+1 deg of the specific angle.

-4612 Tapers

Pipe bell and spigot ends shall be tapered to meet the
dimensional requirements and shall be accomplished
with tools and in accordance with procedures qualified
by the Material Manufacturer or Certificate Holder as
applicable.

Table -4611
Cutting Requirements

Nominal Pipe Diam, in. Tolerance, in.

1to6 Y,

(a) Gaskets mc\y beretainedineitherthe bell orthe cpi

got provided that when the joint is assembled the ring is
prevented from being displaced.

8to 16 =7

28 (N-155-3)



https://asmenormdoc.com/api2/?name=ASME BPVC.CC.NC (ASME Code Cases NC) 2023.pdf

ASME BPVC.CC.NC-2023

-4613 Surface Preparation

CASE (continued)
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-4643 Lamination

Surfacestobebomdedshattbecleamramdsoumd-wittrmo
loose fibers or frayed edges. Surfaces shall be compatible
with the specific adhesive to be used, and prepared as re-
quired by the procedure specification.

-4614 Adhesive Application and Joining

(a) The adhesive shelf life shall not have expired.

(b) Adhesive shall be mixed, applied, and cured as re-
quired by the procedure specification. Adhesive that has
started to gel shall not be used.

(c) All machined or cut edges shall be sealed with adhe-
sive. Any excess adhesive remaining after assembly shall
be removed or filleted.

(d) Care shall be exercised to prevent joint movement
until the adhesive is fully cured.

-4620 Adhesive Bonded, Straight or Tapered Bell
and Spigot
-4621 Cutting

The requirements of -4611 shall apply.

-4622 Tapers

The requirements of -4612 shall apply where tapers
are specified.

-4623 Surface Preparation

The outside surface of the spigot shall be prepared as
required by the procedure specification at least “ in. be-
yond the fitting depth. The requirements of *4613 shall
also apply.

-4624 Adhesive Application and Joining
(a) The requirements of -4614 shall apply.

-4630 Unrestrained Bell and Spigot Joints With
Elastomeric Seals

-4631 Preassembly

Prior to assémbling the joint, sealing surfaces and gas-
kets (seals)-shall be examined to assure freedom from any
foreign matter that may affect the sealing characteristics.

-4640 Butt and Strap Joints
-4641 Cutting

The requirements of -4611 shall apply. The ends to be
joined shall fit within a specified gap, the gap being no
larger than the smaller of one pipe wall thickness or Y, in.

-4642 Surface Preparation

JALL Lol H o | 4 1 liod
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edges shall be staggered to prevent line up. The joints
shall be immobilized until curing is complete.

-4644

Internal laminates are prepared and joined in accot:=
dance with the requirements of -4643. In addition, how-
ever, exposed reinforcement or areas yielding uneven or
disturbed flow are not permitted.

Internal Surfaces

-4650 Locked Mechanical Devices
-4651

The coupling shall seal and restfdin the pipe. Coupling
may be a threaded device (see-*4321 and -4322) that is
self sealing or sealed with an elastomer. An elastomer-
sealed bell and spigot system may be clamped, screwed,
or ring locked.

Coupling Devices

-4652 Classification

Locked meghanical joints shall be classified as rigid for
deflections less than 2 deg and flexible for deflection
greater than 2 deg.

-4653

{a) The bonding of a coupling such as a threaded adap-
ter, sleeve or bushing shall be in accordance with -4614.

(b) Care shall be taken not to disturb the lock of the ma-
ted joint when installing additional lengths. In no case is
the joint to be relocated until all adhesive connections
have fully cured.

Joining

-5000 EXAMINATION

-5100 GENERAL REQUIREMENTS FOR
EXAMINATION

-5110 Procedures, Qualifications and Evaluation
-5111 General Requirements

Examination of manufactured piping subassemblies or
installed piping systems shall be in accordance with the
rules of this section of this Case. Examinations shall be
performed by personnel who have been qualified as re-
quired by -5400. The results of examinations shall be
evaluated in accordance with -5300.

-5112 Examination Procedures

All examinations performed under this Case shall be
executed in accordance with detailed written procedures
which have been proven by actual demonstration, to the
satisfaction of the Authorized Inspector. The procedure
shall comply with the appropriate paragraphs of this Case
as applicable for the particular examination method.

The surfaces to be joined by bonding shall be lightly
abraded. The requirements of -4611 shall also apply.

Alritten prnrnr‘nrnc records of demonstration-of proce
7

dure capability, and personnel qualification shall be made
available by the Manufacturer or Installer and to the
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Authorized Inspector on request. At least one copy of the
procedure shall be readily available to the applicable ex-

ASME BPVC.CC.NC-2023

operating pressure when held for a minimum of ten min-
utes. Joints showing evidence of leakage are unacceptable

amination personnel for reference and use.

-5120 Time of Examination of Joined Pipe and
Fittings
Acceptance examination of joints shall be conducted
upon completion of curing.

-5130 Verification of Joining Material

Prior to examination of any joint, records shall be re-
viewed by the Authorized Inspector and shall verify that
only those joining materials used in qualification
(-4200) have been used in the preparation of the joint.

-5200 EXAMINATION OF JOINTS

-5210 Categories of Joints to Be Examined
-5211

Only those joint types permitted in -4320 are accept-
able. Such joints shall be examined in accordance with
this Case.

-5300 ACCEPTABLE STANDARDS
-5310 General Requirements

Unacceptable joints shall be removed. Repair of unac-
ceptable joints is not permitted. Acceptance standards
for joints shall be as stated in this section of the Case
and acceptance standards for pipe and fitting material ad-
jacent to joints shall be in accordance with -2900 of this
Case.

-5320 Visual Acceptance Standards
-5321 Bonded Bell and Spigot Joints

All bonded bell and spigot joints shall be visually exam-
ined and shall evidence complete filling;0f the bond annu-
lar volume and shall show no evidence of bubbles, voids,
delamination, cracks, softness ar(tackiness. Joints show-
ing any of these types of indications are unacceptable
and shall be replaced.

-5322 Overwrapped, Laminated Joints

All over-wrappedy laminated joints shall be visually ex-
amined and shall meet the requirements of -2900. Joints
not meetingthe requirements of -2900 are unacceptable
and shall/be replaced.

-5323"\.*Other Joints

Joints other than those of -5321 and -5322 but which
are permitted in -4320 shall be examined in accordance
with -5330.

-5330 Leak Testing

and shall be replaced.

-5400 QUALIFICATION OF NONDESTRUCTIVE
EXAMINATION PERSONNEL

-5410 General Requirements

It shall be the responsibility of the Manufacturer orIn-
staller to assure that all personnel performing operations
under this Case are competent and knowledgeable of the
applicable examination requirements to the degree speci-
fied in this Case. All examinations required by this Case
shall be performed and the results evaluated by qualified
examination personnel. The assigntnent of responsibil-
ities to individual personnel will’be at the discretion of
the Manufacturer or Installef.

-5420 Personnel-Qualification

-5421 Qualification Procedure

(a) Personnel performing examination shall be quali-
fied inw@€cordance with the requirements of this Case
for the'technique and methods used. For examination
methods not covered by this Case, personnel shall be
qualified by the Manufacturer or Installer to comparable
levels of competency by subjection to comparable exam-
inations on the particular method involved. The practical
portion of the qualification shall be performed using the
Manufacturer's or Installer's procedure on parts repre-
sentative of the Manufacturer's or Installer's product.

(b) The emphasis shall be on the individual's ability to
perform the examination in accordance with the applica-
ble procedure for the intended application.

(c) For examination methods that consist of more than
one operation or type, it is permissible to use personnel
qualified to perform one or more operations. As an exam-
ple, one person may be used who is qualified to conduct
the examination and another may be used who is quali-
fied to interpret and evaluate the examination results.

-5422 Verification by Inspector

The Inspector has the duty to verify the Manufacturer's
or Installer's certification of examination of personnel
and has the prerogative to audit the program and require
requalification of personnel when the Inspector has rea-
son to question the performance of that individual.

All jnihfc of -5322 chall he leak tested-in-accordance

with one of the methods of Section V, other than pneu-
matic, and shall show no evidence of leakage at system

-5430 Records

Personnel qualification records shall be retained.
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-6000 TESTING protection is required, the detailed requirements shall
be stated in the Design Specification (NCA-3250) and con-

- struction shall be in accordance with the rules of

-6110 Testing of Components, Appurtenances, ND-7000.

and Systems
-6111  Testing of Systems -8000 NAMEPLATES, STAMPING AND
Prior to initial operation, the installed system shall be REPORTS

tested in the presence of the Authorized Inspector in ac-

cordance with ND-6113. -8100 GENERAL REQUIREMENTS
-8110 Scope

-7000 PROTECTION AGAINST OVERPRESSURE The requirements for nameplates, stamiping and re-

ports for components constructed in accerdance with this

-7100 GENERAL REQUIREMENTS Case shall be as given in Article NCA-8000.
-7110 Scope

Consideration in the design of systems to the rules of
this Case shall include the need for protection against
overpressure. Where it is determined that overpressure
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MANDATORY APPENDIX |

[ SPECIFICATION FOR REINFORCED THERMOSETTING RESINPIPE -

FITTINGS

I-1 SCOPE
I-1.1

This specification covers reinforced thermosetting re-
sin pipe fittings. Included are requirements for materials,
workmanship, joints, dimensions, and performance.

I-2 APPLICABLE DOCUMENTS
1-2.1 ASTM STANDARDS

D618 Conditioning Plastics and Electrical Insulating
Materials for Testing.
D883 Definitions of Terms Relating to Plastics.

D1599 Test for Short-Time Rupture Strength of Plastic
Pipe, Tubing, and Fittings.

D1600 Abbreviations of Terms Relating to Plastics.

D2122 Determining Dimensions of Thermoplastic Pipe
and Fittings.

D2583 Test for Indentation Hardness of Plastics by
means of a Barcol Impressor.

D2310 Classification for Machine-Made Reinforced
Thermosetting Resin Pipe.

D2992 Test for Hydrostatic Design Basis for Reinforted
Thermosetting Resin Pipe and Fittings,

D2996 Specification for Filament Wound Reinforced
Thermosetting Resin Pipe.

D2997 Specification for Centrifugally Cast Reinforced
Thermosetting Resin Pipe.

D3262 Reinforced Plastic Mortar Sewer Pipe.

D3517 Specification for Reinfor€ed Plastic Mortar Pres-

sure Pipe.
I-3 NOMENCLATURE
1-3.1 GENERAL

Nomenclature(is Jin accordance with ASTM Nomencla-
ture D883, Relating to Plastics, and abbreviations are in
accordance'with ASTM Abbreviations D1600, Terms Re-
lating te.Plastics, unless otherwise indicated. The term
RTRPtisvthe abbreviation for Reinforced Thermosetting
ReSin-Pipe.

I-4 MATERIALS
1-4.1

composite structure may contain granular or platelet fil
lers, thixotropic agents, pigments, or dyes. Thermoplastic
or thermosetting liners or coatings may be included,

1-4.2

The resins, reinforcements, and other'materials, when
combined as a composite structure,shall produce a fitting
which will meet the performance requirements of this
specification.

I-5 CLASSIFICATION
1-5.1

This standard covers reinforced thermosetting resin
fittings, déefined by method of manufacture (Type), the
raw-materials used (Grade), and by the liner material
(Class). It covers the following types, grades and classes
of fittings.

I-5.1.1 Types.

I-5.1.1.1 Type | — Filament Wound. A fitting man-
ufactured by the filament winding process whereby the
hoop and axial tensile strength is derived primarily from
a continuous fibrous glass strand roving or roving tape,
either previously or subsequently resin-impregnated,
onto the outside of a mandrel or form in a predetermined
pattern under controlled tension.

I1-5.1.1.2 Type Il — Centrifugally Cast. A fitting
symmetrical about its longitudinal axis manufactured by
placing resin, reinforcement and other materials in a
mold which is then rotated and heated.

1-5.1.1.3 Type IV — Hand Fabricated. A fitting
manufactured by applying reinforcement, resin, and other
materials onto a mandrel or form by hand in a predeter-
mined manner, or a fitting such as a miter bend or tee that
is made from two or more components which are joined
together by applying reinforcement, resin, and other ma-
terials by hand over the junctions of the various pieces by
hand in a predetermined manner.

I1-5.1.1.4 Type V — Spray-Up. A fitting manufac-

Eittinas manufactured-in-accordancewith this cpnriﬁ
=)

cation shall be composed of reinforcement imbedded in
or surrounded by cured thermosetting resin. The

tured-byv annlving resin-chonped fibrous alass strand
J rrsJj [=} 7 13 [=) T

and other materials onto mandrel or form in a predeter-
mined manner by pneumatic means.
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Table I-1

Hydrostatic Desigm Basis Categories

Cyclic Test Method [Note (1)]

Static Test Method

Min HDB Design Stress Min HDB Hoop Stress
Category [Note (2)],[Note (3)] Hoop [Note (3)],[Note Category [Note (2)],[Note (3)] psi  Design Stress [Note
Designation Stress psi (MPa), (min) (41 Designation (MPa), (min) (3)1,[Note (4)]

A 800 (5.5) 800 (5.5) Q 2,400 (16.6) 1,200 (8.3)

B 1,000 (6.9) 1,000 (6.9) R 3,000 (20.7) 1,500 (10.3)

C 1,250 (8.6) 1,250 (8.6) S 3,750 (25.9) 1,875 (12.9)

D 1,562 (10.8) 1,562 (10.8) T 4,688 (32.3) 2,344 (16.2)

E 1,953 (13.5) 1,953 (13.5) U 5,860 (40.4) 2,930,(20.2)

F 2,441 (16.8) 2,441 (16.8) w 7,324 (50.5) 3,6627(25.2)

G 3,052 (21.0) 3,052 (21.0) X 9,155 (63.1) 4,577 (31.6)

H 3,815 (26.3) 3,815 (26.3) Y 11,444 (78.9) 5,722 (39.5)
7 14,305 (98.6) 7,153 (49.3)

NOTES:

(1) The cyclic test method is acceptable as an alternative method for qualification of fittings.

(2) Values shown are minimum stress values for the categories.

(3) Hoop stress based on inside diameter and wall thickness of the largest diameter section normal-to the fitting center line using the

equation:

S

_PD-1)

2t

(4) The use of these design stress values is limited to services where the numhey of full pressure cycles is limited to 100,000 cycles
during the design life of the system. For services requiring more than 100,000 cycles, use one-half of the values shown for design

stress.

1-5.1.1.5 Type IV — Molded. A fitting manufac:-
tured by placing resin, reinforcement, and other materials
in a mold. Compressive force may or may not be uSed to
insure that the mold is completely filled and thé desired
density of the finished product is obtained.

NOTE: Fittings may be manufactured using combinations of two or
more of the above methods of manufacture.

I-5.1.2 Grades.
1-5.1.2.1 Grade 1 — Glass/fiber reinforced epoxy
resin

1-5.1.2.2 Grade 2 — Glass fiber reinforced polye-
ster resin

1-5.1.3 Classes.

I1-5.1.3.1 Glass A — No liner

1-5.1.3(2)" Class B — Polyester resin liner —
nonreinforced

1-5.1.3.3 Class C — Epoxy resin liner —
nonreinforced

1-5.1.3.4 Class E — Polyester resin liner —
reinforced

1-5.1.3.5 Class F — Epoxy liner — reinforced

1-5.1.3.6 Class H — Thermoplastic resin liner —
(specify material, PVC polyethelyne, etc.)

|-5.1.4Designation Requirements. The materials

hydrostatic design bases shown in Table I-1. Thus a com-
plete material code shall consist of a number and one or
two letters.

I-5.1.4.1 Examples.

(a) I1AA for a filament wound, glass fiber reinforced
epoxy resin fitting with no liner and with a 800 psi hydro-
static design basis.

(b) IV 2BET for a hand fabricated glass fiber reinforced
polyester resin fitting with a nonreinforced polyester re-
sin liner and with a 1,560 psi cycle and a 4,690 psi static
hydrostatic design basis.

I-6 REQUIREMENTS
1-6.1 WORKMANSHIP

The manufacture of these fittings shall be in accordance
with good commerical practice so as to produce fittings
meeting the requirements of this specification. Fittings
shall be free from visible cracks, holes, foreign inclusions,
blisters and other injurious defects. The fittings shall be
as uniform as commercially practicable in color, opacity,
density, and other physical properties. The requirements
of -2900 shall be met.

designation code shall consist of the grade designation
in an arabic numeral followed by one or both of the
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1-6.2 DIMENSIONS AND TOLERANCES

62— S rretetenth — G

the fittings bore shall be not less than the minimum spe-
cified inside diameter of the corresponding size of pipe
for which the fitting is designed to be used. The diameter
shall be measured in accordance with I-7.4.

1-6.2.2 Socket and Spigot Dimensions. Dimensions
of all joints shall comply with the design requirements
given in this Case applicable to the type of joint.

1-6.2.2.1 Straight Adhesive Joint. A straight adhe-
sive joint is defined as one in which the components to be
joined do not have matching tapers and are joined by a
suitable adhesive. The dimensions of the socket for a
straight adhesive joint shall be in accordance with Table
[-1 when measured in accordance with 1-7.4.

1-6.2.2.2 Tapered Adhesive Joint. A tapered adhe-
sive joint is defined as one in which the components to be
joined have tapers joined by a suitable adhesive. Dimen-
sions of the male (pipe) tapers and the matching female
tapers shall be in accordance with either Table 2 or Table
3 when measured in accordance with [-7.4.

1-6.2.2.3 Joints using elastomeric seals shall be in
accordance with ASTM Designation D3139.

1-6.3 PERFORMANCE

Fittings meeting this specification shall be categorized
by a long-term static hydrostatic design basis shown in
Table I-1 when tested in accordance with 1-7.5. As an als
ternative the long term cyclic hydrostatic design basis de-
termined in accordance with Procedure A of ASTM D2992
may be used to categorize fittings as indicated in\Fable
[-1. Fittings manufactured under this Appendix shall have
a design pressure at least equal to the desigh’ pressure
specified for the pipe for which the fitting is"designed to
be used. Design values shall be one-half*ef the minimum
specified for the category. The requirements of Manda-
tory Appendix I, I1-2 and I1-4.1 shall apply to qualification
of fittings.

1-6.4 PRESSURE TEST,

Fittings sampled in.accordance with I-7.3 shall be sub-
jected to an intermal™iydrostatic or pneumatic pressure of
1.5 times the rated’pressure of the pipe for which the fit-
ting is designed to be used, for a minimum of 2 min with-
out leakage,“Hydrostatic pressure leakage is defined as
any présence of water on the outside surface of the fitting.
Pnetimatic pressure leakage is defined as any presence of
air{bubbles on or emanating from the outside surface of
the fitting with the fitting completely immersed in water.

1-6.5 QUALITY CONTROL TESTS
Quality control tests shall be defined by the fitting man-

ASME BPVC.CC.NC-2023

I-7 METHODS OF TEST

When conditioning is required, and in all cases of dis-
agreement, condition the test specimens at 23 + 2°C
(73.4 £ 3.6°F) and 50 * 5 percent relative humidity for
not less than 48 hr prior to test, in accordance with Pro-
cedure A of ASTM Method D618.

I1-7.2  TEST CONDITIONS

Conduct the tests in the standard laboratory, atmo-
sphere of 23 + 2°C (73.4 + 3.6°F) and 50 + 5%-elative hu-
midity, unless otherwise specified in the test method or in
this specification.

1-7.3 SAMPLING

Samples of fittings to determine conformance of the
material to the test requirements specified in 1-6.4 shall
be taken at random fr@mjeach lot as defined in I-7.3.1.

1-7.3.1 Lot. Alot'shall be a number of fittings, not to
exceed 100, of onekind, of the same nominal size and wall
thickness, of(the same designation code (as defined in
[-5), manufactured by the same procedure and the same
productietvrun. Each lot shall be identified by a marking
symbol~or number to trace it to the test report in which
the,result of all tests for the lot are recorded.

1-7.3.2 Retest. In the event of failure of the sample
fitting to pass any of the quality control tests specified
in I-6.5, two additional samples taken at random from
the same lot shall be tested. The results of both retests
shall conform to the requirements. If either sample fails
to pass the test the lots shall be rejected.

1-7.4 DIMENSIONS AND TOLERANCES

1-7.4.1 Wall Thickness and Diameter. Determine in
accordance with ASTM Method D2122.

1-7.4.1.1 Liner Thickness. If the test specimens
contain liner, determine the average thickness in accor-
dance with 1-7.4.1.1.2 and subtract it from the average to-
tal wall thickness so that the thickness recorded is the
reinforced wall thickness.

1-7.4.1.1.1 Apparatus. An optical scale comparator
7 to 10x, having a reticle graduated in 0.1 mm (or
0.005 in.) divisions, or smaller.

1-7.4.1.1.2 Procedure. Cut the end of the test speci-
men square, remove burrs, and sand the cut smooth,
using 200 grit (or finer) sandpaper. Thoroughly wash
the sanded edge with clean water to remove resin and
glass dust, then blot dry. Measure liner thickness at the
cut end by setting a major scale division of the reticle at

ufacturer-in his qna]ify control cycfnm and-shall be per

formed to verify conformance with the requirements of
the procedure specification.

the apparnnf interface between the liner and reinforced

wall. Then read inward toward the center of the fitting
and observe the liner thickness, estimating to the nearest
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0.05 mm (0.002 in). Make at least four measurements,
90 deg apart, and report the maximum and minimum val-

CASE (continued)

N-155-3

1-8.1.1

1.2 19

Nominal fitting size. Indicate all outlet sizes.

ues and their average.

I-7.5 LONG TERM STATIC PRESSURE STRENGTH

Determine in accordance with Procedure B of ASTM
Method D2992.

1-8 MARKING
1-8.1

Each fitting shall be marked with the following infor-
mation in such a manner that it remains legible until
installed.

1d Aol 4 £l £adis H | R
Lt *IT TY 3 TOCTITTCAtIOTT OT OTCTICUITE T aCCOTUAITCCVWITTY

the designation code given in I-5.

I1-8.1.3 ASTM Designation D2310 with which the fit-
ting complies.

1-8.1.4 Manufacturer's name (or trademark).
I1-8.1.5 The Case number.
1-8.1.6 The Test Report number.
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MANDATORY APPENDIX II

SUPPLEMENTARY REQUIREMENTS FOR RTRP

lI-1 SCOPE AND PURPOSE

RTR pipe material manufactured in accordance with
this specification shall be made by the filament winding
procedure with or without the addition of inert fillers.
The material shall be manufactured in accordance with
written Procedure Specifications prepared by the Materi-
al Manufacturer. The Manufacturer shall qualify the pro-
cedure in accordance with the requirements of this
Appendix.

lI-1.1 QUALIFICATION OF PROCEDURES

For qualification of the procedure, the Manufacturer
shall conduct tests on specimens or material manufac-
tured in accordance with his written procedures.

1I-1.2 PURPOSE

The purpose of the qualification test is to establish per-
formance characteristics of the material, and to define the
product by classification. The tests to establish properties
shall be performed prior to production of material to
meet this specification.

11-1.3 RECORDS AND TEST RESULTS

Records and test results of the qualification testing
shall be recorded in the Manufacturers Qualification Test
Report. Form RTRP-6 shall be used to record the\fabrica-
tion control of variables during manufacture(of pipe for
qualification and production.

I-2 ESSENTIAL VARIABLES

Essential variables are those variables of the produc-
tion process in which a change, as described under the
specific variable, is considered to affect the mechanical
properties of the product and shall require revision and
requalification of the procedure specification in accor-
dance with [1-44.4.The essential variables of the filament
winding process-are as follows:

11-2.1 ~TYPE OF FIBERGLASS

Aschange in the glass finish, glass manufacturing pro-
cessor glass type or formulation shall constitute a change
in/an essential variable.

11-2.2 RESIN SPECIFICATION

A change in properties of the resin that exceeds the spe-

11-2.3 AMOUNTS OF CONSTITUENT MATERIALS

A Change in the Percent of Glass or Filler in the Struc-
tural Composite Constitutes an Essential Variable.

11-2.4 VARIABLES OF WINDING PROCESS

A change in the process variables listed in Form
RTRP-6 shall be an essential variable.

11-2.5 COMPOSITION OF CURING AGENT

A change in curing material'which exceeds the specified
range given in Form RTRP=1shall be an essential variable.

11-2.6 CURING SCHEDULE

A change in the time or temperature outside of the spe-
cified ranges in the curing schedule shall be an essential
variable,

1I-3- NONESSENTIAL VARIABLES

Changes in variables other than those listed in II-2 are
considered nonessential, that is, they may be made with-
out requalification of the procedure provided the Proce-
dure Specification is modified to show the changes. The
following nonessential variables shall be covered in the
procedure in such a way that the changes can be per-
formed within the procedure.

11-3.1 WALL THICKNESS

The procedure shall specify the range of wall thickness
to which it applies.

11-3.2 WEIGHT PER FOOT OF LENGTH

The procedure shall list the range of weight per foot of
length of material to which it is applicable.

11-3.3 THE COMPOSITION AND TYPE OF LINER

The type of liner, although not an essential variable
must be considered when tests are performed on the test
models.

11-3.4 WINDING TENSION

cifiedtolerance for that prr\parfy as ginan on-Form

RTRP-1 (Mandatory Appendix III) shall constitute an es-
sential variable.

A change inwindinc tension-outside of the ranae estab
[=] [=] o

lished in the Procedure Specification shall be a nonessen-
tial variable.
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lI-4 QUALIFICATION TESTS

\ 1 be in accordance with ASTM D2153 or Appendix X2 of
4.l HYDRUSI ASTM D3517 with the following modifications:

The Manufacturer shall conduct tests to establish the
hydrostatic design basis for pipe which he manufactures.
The qualification test shall be conducted in accordance
with ASTM Specification D2992, “Standard Method for
Obtaining Hydrostatic Design Basis for Reinforced Ther-
mosetting Resin Pipe and Fittings,” Procedure B, as mod-
ified by this Appendix. Alternatively, Procedure A of
Specification D2992 may be used, but where material
has been qualified by both Procedure A and Procedure
B, the basis for design shall be Procedure B.

(a) Pipe specimens produced for qualification in accor-
dance with this Case shall be tested in accordance with
the requirements of this section. Test results shall be re-
corded in the qualification test report.

(b) Short term material properties (determined by the
test methods in 11-4.2) shall be determined from pipe of
the same composition as the pipe used in the HDB test
(I1-4.1). These short term material properties will be re-
lated to the allowable values of the quality control tests
required in II-6 of this Appendix.

Strain gages may be placed on the pipe in order to
monitor hoop and longitudinal strain magnitudes. The
pipe may be tested with ends constrained (no longitudi-
nal pressure stress in the pipe wall) provided no hydro-
static design basis value is assigned to the material in
the longitudinal direction. The test procedures, results,
and calculations shall be in accordance with the following:

(c) Scaling. To demonstrate that the hydrostatic‘design
basis is valid for other pipe diameters and thicknesses,
the samples tested shall be of three distinct thicknesses.
Each sample must be of the same composition. The fol-
lowing shall be used to develop the regression line:

(1) Minimum number of tests — 18.

(2) Where there are three.or,more distinct thick-
nesses of pipe to be produced-under the procedure to
be qualified at least three distinct thicknesses of pipe shall
be tested.

Where there are-hor“2 distinct thicknesses of pipe to
be produced under the procedure to be qualified, all dis-
tinct thicknesses.shall be tested. (A 25% change in the
structural walkthickness constitutes a change in distinct
thickness.)

(3)At-least three samples shall be tested at each
thickness.

(4) Data from each thickness shall be within three
Separate decade levels.

(5) The thickest samples shall be at least twice as
thick as the thinnest sample and shall be at least half as
thick as the thickest pipe to be produced under the proce-
dure being qualified, except when the samples being
tested are the thinnest and thickest to be qualified.

CASE (continued)

N-155-3

11-4.1.1 Hydrostatic pressure stress calculations shall

11-4.1.1.1 When ASTM D2153 is employed, the
hoop stress in the composite wall shall be calculated as
follows:

if t/D, < 0.05,

5. = 2o (1a)
2
ift/D, > 0.05,
5,= PDof B (1b)

2teq\-Dg? teg

where
teg = ﬂt, +t
Ey

D, = avépage outside diameter of pipe in inches
Ey = hoop tensile modulus of the composite pipe wall
less liner in pounds per square inch
E>= hoop tensile modulus of liner, in pounds per square
inch
P = internal hydrostatic pressure, in pounds per square
inch
S. = circumferential tensile stress in the composite wall
of the pipe, in pounds per square inch
t = measured composite wall thickness, excluding
nominal liner and exterior dress coating in inches
t; = nominal liner thickness in inches

Pipe which is to be assigned a longitudinal hydrostatic
design basis value shall be tested with ends uncon-
strained and the assigned stress basis shall be one-half
of the HDB circumferential stress provided the (HDB) is
determined in accordance with eq. (1a) or (1b).

11-4.1.1.2 When Appendix X2 of ASTM D3517 is
employed, the stress calculations for determining the Hy-
drostatic Design Basis (HDB) shall be as follows:

¢ __PD
9 244N, sina (2)

where
A, = cross-sectional area of one hoop oriented fiberglass

roving, in square inches per roving
D = average outside diameter of pipe
N. = total number of hoop oriented fiberglass rovings
per lineal inch of pipe thickness t in rovings per

inch

(K) The thickness-to-diameter ratio-cannot-be grnaf

er than 0.05 for all samples. Scaling is not valid when the
thickness-to-diameter ratio exceeds 0.05.

S, = tensile stress in the hoop oriented fiberglass rov-
ings, in pounds per square inch
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a = angle between the plane of the hoop oriented fiber-
glass rovings and the bore of the pipe (helix wind

ASME BPVC.CC.NC-2023

is 20°F or more above the mean. For Design Tempera-
tures in excess of 100°F, the Design Temperatures shall

angle), in degrees

The HDB is determined by employing formula (2) is ex-
pressed in terms of hoop oriented fiberglass roving stress
and shall be converted to hoop stress in the composite
wall for classification purposes as follows:

(HDB),AgNsin a
B
Eyr

(HDB), = 3)

]+ ty

where

(HDB); = Hydrostatic Design Basis expressed in terms of
the hoop stress in the composite wall, in
pounds per square inch

(HDB), = Hydrostatic Design Basis expressed in terms of
the hoop oriented fiberglass stress, in pounds
per square inch

tm» = Minimum Composite pipe wall thickness ex-
cluding nominal liner and exterior dress coat-
ing, inches

11-4.1.2 Determination of Pipe Composition. The
composition and construction of each pipe or fitting
which undergoes the pressure test in accordance with
ASTM D2992 will be determined by using ASTM
D2584-72. Each sample of pipe or fittings shall be tested
for composition and construction separately.

The angle of wind, as measured from the longitudinal
axis of the material, shall be maintained within £\2 deg
from the specified angle, when measured on thée‘exterior
surface of the material.

11-4.1.3 Temperature Qualification.

1-4.1.3.1 Temperature Limits.;"A’minimum of one
full series of hydrostatic tests (18-samples minimum) in
accordance with ASTM D2992 and these specifications
is required to establish the:HDB and corresponding qual-
ification temperature. Thie qualification temperature shall
be defined as the mean fluid temperature experienced
during HDB testingyprovided the lowest temperature ex-
perienced is not less than 20°F below the mean for more
than 1% of the-test duration. If the lowest temperature
experienced-is less than 20°F below the mean, for more
than 19 of'the test duration, the qualification tempera-
ture.shall be the lowest fluid temperature experienced
during HDB testing plus 20°F.

The ambient and fluid temperature experienced during
testing shall be reported.

Products shall be used in service with Design Tempera-
tures not in excess of 20°F over the qualification tempera-

not exceed the qualification temperature.

When the Design Temperature exceeds the limit de-
scribed in the preceding paragraphs, a specific derating
factor shall be established in accordance with 11-4.1.3.2
to determine applicable stress levels, but in no case shall
Design Temperatures exceed 180°F for polyester materi-
als nor 250°F for epoxy materials.

11-4.1.3.2 Derating for Temperature.

(a) To qualify pipe for a Design Temperatute 50°F or
less in excess of that for which it has previously qualified,
a minimum of six samples shall be tested in accordance
with ASTM D2992 and this Case at«a minimum of three
stress levels. The data points shall’be within three dec-
ades of failure time or numben of cycles, and shall have
at least two samples beyond 1,000 hr or 100,000 cycles.
The ratio between the calculated lower 95% confidence
stress level (at 100,000 )hr or 150,000,000 cycles) for
the elevated temperature test series, and the full, 18 sam-
ple, HDB stress level shall establish the derating factor.

(b) To qualify pipe for a Design Temperature more than
50°F in excess of that for which it has previously qualified,
a full series (18 sample minimum) of hydrostatic tests
shall-be*run in accordance with ASTM D2992.

(¢) To qualify pipe for a Design Temperature between
two temperatures for which it has previously qualified,
but outside of the temperature range allowed in
[1-4.1.3.1, no additional tests are required. The derating
factor of the pipe at the intermediate temperature shall
be directly proportional to the values of the HDB and
the temperatures previously qualified.

11-4.1.4 Altered Construction. When changes are
made in the essential variables of the procedure or the
material system used to fabricate the pipe, as defined in
[1-2 of this Appendix, such changes can be qualified by
testing a minimum of 6 samples at a minimum of three
stress levels. The data points shall be within three dec-
ades of failure time and must have at least two points be-
yond 1,000 hr or 100,000 cycles. The data shall be
extrapolated to 100,000 hr or 150,000,000 cycles and
compared to the Hydrostatic Design Basis. If the extrapo-
lated value falls at or above the lower confidence limit, the
change is qualified. If the extrapolated value falls below
the lower confidence limit, the change is not qualified
and a new Hydrostatic Design Basis shall be established.

11-4.2 DETERMINATION OF PROPERTIES FOR
USE IN DESIGN

ture prnnir]nr] the nncign Tnmpnvafnrn does not exceed

100°F. Design Temperature shall be either the mean an-
ticipated peak fluid temperature, if the peak temperature

The following nroperties shall be established for nine of
S Por PP

the same design as that used for the Hydrostatic Design
Basis test.
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11-4.2.1 Circumferential Tensile Strength, S+ and
Modulus, Ey .

CASE (continued)

N-155-3

(b) Long Term. The long term tensile strength of the
pipe wall shall be determined by multiplying the short

(a) Short Term. The short term circumferential tensile
strength and modulus shall be determined in accordance
with ASTM D1599, ASTM D2290 or ASTM D638. Poisson's
ratio and the stress-strain relationships shall also be re-
ported in addition to the ASTM test report requirements.

(b) Long Term. The long term circumferential tensile
test shall be conducted in accordance with II-4.1 of this
Appendix.

11-4.2.2 Circumferential Flexural Modulus, Eyr.
The circumferential modulus shall be determined using
the results of ASTM D790 or ASTM D2412 test method,
with the provisions of paragraphs 12.1.1 and 12.1.2 of
ASTM D3262 and the following calculation.

The parallel plate loading test (ASTM D2412) yields the
pipe “stiffness factor,” SF. The stiffness factor is defined as
flexural modulus of elasticity, E r, times the circumferen-
tial moment of inertia, I, of the pipe wall. That is,

SF = Eypl
3
==
12

Therefore:

12
Epp= ?3(51“")

11-4.2.3 Longitudinal Compressive Strength, 'S, ¢
and Modulus, E, ¢.

(a) Short Term. The edgewise compressive _strength
and modulus of the pipe wall shall be determined in ac-
cordance with ASTM D695.

(b) Long Term. The long term compressive strength,
S1c, of the pipe wall shall be determined by multiplying
the short term strength as determinied in (a) by the ratio
of long term circumferential strength to the short term
circumferential strength defined in 11-4.2.1(b) and
11-4.2.1(a), respectively.

11-4.2.4 Longitudinal Tensile Strength, S, 7, and
Modulus, E; 7.

(a) Short Term. The testing shall be done in accordance
with ASTM D638 or D2105. The specimens shall be taken
from sections of pipe deemed to represent the pipe's axial
propérties.

For ASTM D638 samples, the sample geometry and end
cornfiguration may be altered to provide more representa-
tive sample and results of the pipe construction being
tested.

The width of the specimen shall be a minimum of 6 in.
Specimen shall be fabricated with a reduced cross section
which shall be 1 in. minimum. The reduced section may

term strength as determined in (a) by the ratio of long
term circumferential strength to the short term circum-
ferential strengths defined in 11-4.2.1(b) and [1-4.2.1(a),
respectively.

11-4.2.5 Modulus of Elasticity of the Liner, E,. Make
a flat laminate constructed from the same materials used
in making the material liner. The composition shall be
tested as defined in 11-4.1.2 to verify that the composition
closely compares to the material liner.

This laminate shall be tested in accordange with ASTM
D638. A minimum of ten coupons shall’be-tested to define
an average tensile modulus and stdndard deviation. The
average tensile modulus is then.defined as E, if the stan-
dard deviation is less than 10%of E;.

11-4.2.6 Visual Examination. Each pipe section shall
be visually examined for_production variations such as:
indentations, cracks, porosity, air bubbles, lack of resin,
excess resin, thin-areas, wrinkling, delamination and for-
eign materials.

11-4.2.7 ~ Dimensional Examinations. Inside diameter
measurements shall be taken at a point approximately
3 insfrom both ends of the pipe section using a caliper
with'gfaduations of %4 in. or less. Take two 90 deg oppos-
ing measurements at each point of measurement and
average the readings to determine the inside diameter.
The dimensions shall comply with the diameters and tol-
erances given in Table 11-4.4-3. Measure pipe lengths with
a steel tape with graduations of Y in. or less. Measure
wall thickness with a micrometer caliper or gage with
graduations of at least 0.01 in. and take a series of four
measurements equally spaced, around the circumference
of the pipe.

11-4.2.8 Barcol Hardness. The barcol hardness of the
liner shall be tested according to ASTM D2583.

11-4.4 CLASSIFICATION

11-4.4.1 General. Pipe meeting this specification is
classified by type, grade, class, Hydrostatic Design Basis,
and by a secondary cell classification system which de-
fines the basic mechanical properties of the pipe. These
types, grades, classes, Hydrostatic Design Basis categories
and cell classification designations are as follows:

11-4.4.1.1

I-4.4.1.2 Grades.
(a) Grade 1 — glass fiber reinforced epoxy resin pipe
(b) Grade 2 — glass fiber reinforced polyester resin

pipe
11-4.4.1.3 Classes.

Types. Type 1 filament wound

be prnr]nrnr] with-twao-slots no-less than 11/6 in—wide on

both sides of the specimen. In no case shall the alteration
affect the properties of the test section of the sample.

(n) Class A — no liner

(b) Class C — epoxy resin liner, non-reinforced
(c) Class E — polyester liner, reinforced
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Table 11-4.4-1

Mimimurm Mechamnicat Property Requirernents
Designation Order No. 1st 2nd 3rd 4th 5th 6th
Apparent Pipe Stiff

Ult. Short Term
Circum. Tens.

Ult. Short Term
Mechanical Property

Longitudinal Factor, in. (2) Ib/

Long, Tens. Stress Tensile Modulus, in. Circum. Tensile Ult. Compressive

Designation Code Stress psi psi 10° psi Modulus 10° psi Stress psi

ASTM Test Method D1599 D2105 D2105 D2412 D1599 D695
0a 2,000
0b 3,000
Oc 4,000
od 6,000
1 10,000 8,000 1.00 40 1.00 4,000
la 16,700 10,300 1.33 90 1.33 7,000
1b 23,300 12,700 1.67 150 1.67 10,000
2 30,000 15,000 2.00 200 2:00 13,000
2a 33,300 18,300 2.33 470 2.33 16,000
2b 36,700 21,700 2.67 730 2.67 19,000
3 40,000 25,000 3.00 1,000 3.00 22,000
3a 43,300 28,300 3.33 1,170 3.33 25,000
3b 46,700 31,700 3.67 1,330, 3.67 28,000
4 50,000 35,000 4.00 1,500 4.00 31,000
4a 53,300 38,300 4.33 1,670 4.33 34,000
4b 56,700 41,700 4.67 4830 4.67 37,000
5 60,000 45,000 5.00 2,000 5.00 40,000
6 63,300 48,300 5.33 5.33
7 66,700 52,700 5.67 5.67
8 70,000 55,000 6.00 6.00

(d) Class F — epoxy resin liner, reinforced

(e) Class H — thermoplastic resin liner (specify)

11-4.4.2 Hydrostatic Design Basis. Test méthods for
classifying the Hydrostatic Design Basis of the pipe are
provided. Pipe meeting this specification fay be classi-
fied using either the cyclic test method-@r the static test
method, or both, and the designations are shown in
Table -3611-1. These design basiscategories shall be used
in accordance with ASTM D2996°Appendix Al as modi-
fied by this specification.

11-4.4.3 Mechanical Properties. Table 11-4.4-1 pre-
sents a cell classifieation system for identifying the me-
chanical properties)of pipe covered by this specification.

NOTE: All possible combinations covered by the above classification
system may not be commercially available.

11-4.4.4 Designation Code. The pipe designation
code shall consist of the abbreviation RTRP, followed by
the type and grade in arabic numerals, the class and static
or cyclic Hydrostatic Design Basis level in capital letters,
and six arabic numbers with or without lower case letter
subscripts identifying, respectively, the cell classification
designations of the short term rupture strength, longitu-
dinal tensile strength, tensile modulus, apparent stiffness,
circumferential tensile modulus, and compressive
strength and qualification test requirements.

Table 11-4.4-2

4)
Long (5)
Term Short (6) 7) 9) (10) (11)
(1) (2) 3) Strength Term Long Ten. Long Ten. (8) Circ. Ten. Comp. Max.
Type Grade Class HDB Rupt. Str. Mod. Stiff Fact. Mod. Str. Temp.
RTRP — I 1 F A— 1 3a 3 4a 2 1b 40 C

ASTM D2310 No change

ASTM D2996 Modified
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Table 11-4.4-3

Nominal Diameter Dimensions and Tolerances

Diameter Diameter
Nominal Pipe Size, in. [Note (1)] Tolerances Nominal Pipe Size, in. [Note (1)] Tolerances
1 1.315 +0.060, -0.060 20 20 11/4
1Y, 1.900 +0.060, -0.018 24 24 +Y,
2 2.375 +0.060, -0.018 30 30 16
2Y, 2.875 +0.060, -0.018 36 36 +%g
3 3.500 +0.060, -0.018 42 42 16
4 4.500 +0.060, -0.018 48 48 +1
6 6.625 +0.066, -0.028 54 54 Y,
8 8.625 +0.086, -0.040 60 60 11/2
10 10.750 +0.108, -0.048 66 66 il/z
12 12.750 +0.125, -0.056 72 72 £,
14 14 +Y, 84 84 +Y,
16 16 +1, Larger than 84 Nom. dia. £,
18 18 +Y,

NOTE:

(1) For NPS 12 and smaller, the diameter listed is the outside diameter. For nominal pipe sizes larger'thdn 12 in. the inside diameter is given

as the basic dimension.

Example: RTRP-1I FA-13a34a21b-40. Referring to Table
[1-4.4-1. Such a designation would describe a filament-
wound, glass fiber reinforced epoxy pipe having a rein-
forced liner; a cyclic pressure strength exceeding
2,400 psi; a short term rupture strength exceeding
100,000 psi: A longitudinal tensile strength exceeding
28,300 psi; a longitudinal tensile modulus (2) exceeding
3 x 10° psi; an apparent stiffness exceeding 1{500
in.-Ib/in. A circumferential tensile modulus exceéding 2
x 10° psi, and a compressive strength exeeeding
10,000 psi and a maximum qualification temperature of
40 °C.

II-5 CONSTITUENT MATERIALS

Constituent materials are those, such as, thermosetting
resins, reinforcement, and, other solid or liquid materials
which, when combined as;a composite structure produce
materials meeting the\requirements of this Case in the
product listed in -21171. The Material Manufacturer shall
be responsible.that the constituent materials of pipe, fit-
tings, and auxiliaries meet the requirements of this Case.

11-5.1 (_RESINS

Thermosetting resin shall be cured epoxy or cured un-
saturated polyester as defined in ASTM D883, and shall be
tested in accordance with the test methods listed in Form
RTRP-1 shown as Mandatory Appendix III

11-5.2 FIBERS

Glass fiber and organic fiber veil materials used to pro-

11-5.3 CURING AGENTS

The€uring agent(s) combined with the resin system
and¢the method of incorporation shall be the same as
those’in the Qualification Tests (II-4).

11-5.4 STRUCTURAL WALL

11-5.4.1 Only fiberglass roving, roving tape or strand
reinforcement of the borosilicate Type “E” glass is per-
mitted. This constituent material shall have a finish
compatible with the intended resin material, the manu-
facturing technique, and shall be stored in accordance
with the constituent manufacturer's instructions.

11-5.4.2 Resins shall be of the same generic types as
in II-5.1 but not necessarily the same as the inner
corrosion-resistant liner or exterior layer.

11-5.5 FILLERS, DILUENTS AND FLEXIBILIZERS

Fillers, diluents or flexibilizers may be used in the man-
ufacture of the material provided the use of such materi-
als is recorded and included in the qualification test (I1-4).

I-6 QUALITY CONTROL TESTING
1I-6.1 GENERAL

(a) The tests and examination stipulated in this para-
graph are intended to ensure that the pipe and/or pipe
systems produced comply with certain minimum physical
requirements with respect to laminate structure and
composition, as evidenced by tests conducted on
specimens.

duce a resinrich surface on-the pipn wall shall be compa

tible with the resin system used in the manufacture of the
material.

er) The results of all tests and-examinations-defined-in

this Section shall be recorded and kept on file by the Man-
ufacturer, and be made available to the Inspector.
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11-6.2 SAMPLING TESTS EACH PIPE

ASME BPVC.CC.NC-2023

(1) Testing for Sy, Eyr, Poisson's ratio, and stress-
strain [see [1-4.2.1(a)].

Eachrtengtirof pipe shattbeexamined ortested for the
following:

(a) Meeting the composition requirements of RTRP
Form-1;

(b) Reporting pipe data on RTRP Form 4;

(c) Visual examination per 11-4.2.6;

(d) Dimensional requirement per 11-4.2.7;

(e) Hardness of pipe liner per 11-4.2.8.

11-6.3 RANDOM SAMPLING

(a) General. No less than one sample shall be selected at
random from the first 100 ft of pipe and every 1000 ft
produced thereafter, to determine the conformance of
the product to the quality control test requirements of
this paragraph. If the results of any test do not conform
to the prescribed requirements, that test shall be re-
peated on two additional sets of samples from different
lengths of that same lot, each of which shall conform to
the requirements specified. If either of these two addi-
tional samples fail, the lot shall be rejected. A lot shall
be defined as 1,000 linear feet of pipe of the same size,
type and class produced during the same production run.

(b) The following short term material property tests
shall be determined from each random test lot:

(2) Testing for Sy ¢, E1 ¢ [see 11-4.2.3(a)].

(3) Testing for S, r, E 7, Poisson's ratio and stress-
strain curves [see 11-4.2.4(a)].

(4) Testing for E; [see 11-4.2.5]

The test results from these quality control tests shall
not fall below 90% of the test results determined during
the qualification testing (II-4). If the test result is less than
90% of the qualification test results, additional testing
shall be performed on each length of pipe and only.those
lengths meeting 90% of the qualification test results shall
be accepted.

1I-7 MARKING
-7.1

Each pipe shall be marked with the following informa-
tion in such a manner that it remains legible until
installed.

(a) Nominal size of.pipe;

(b) Identifying the pipe in accordance with the designa-
tion code given'in 11-4.4.4;

(c) Manufacturer's name (or trade mark);

(d) This Case number;

(e)<The Test Report number.
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See next page

RTRP FORMS
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Form RTRP-1
Constituent Material Test Report of Essential Variables

Manufacturer’'s Name

Design Temp./Press.

Manufacturers’ Value

Content, % ('

{

E 203

(2)
(3)

*
Ignition, C)
%, Wei
r .

D 2584

1
(2)
(3)

\\4
)Q'i'e d, Yd/Lb

1
(2)

(3)

N

(P) Polyester
(E) Epoxy
NOTES:

(1) Tolerance.

(2) Value used in Qualification Test.

(3) Test

Test ASTM
Viscosity, cps D445 & 1
25°C (77°F) D 2393 (2)

(3)

(1
golzr D 1544 (2)

ardner 3)

Hydroxyl No. (P) ()
Solids, E222 (2
MgK OH/gm (3)
Weight/Epoxide | (E) a |
Equivalent D 1652 (2)

(3)
Acid No. (P) a |
Solids, D 1639 2
MgK OH/gm (3)
Amine Value (E) a
Mol Active (2)
Hydrogen (3)

(1)
Weight/Gallon 2)
25°C (77°F) 3)
Pot Life by ) SRS
Viscosity (2) \\f
1#, 25°C )
Flexural i
Strength D 790 2

(3)
Styrene (P) m
Monomer (2)
Content, % @3Nl -

N &

Barcol D 258 \‘%2—
Hardness )
25°C (77°F) - Tl
Moisture 3

30

10%

- ]
I N R R —

The above material tests have been
performed and are certified correct.

R I —

Manager of Quality Control

Curing Reinforcing Filler Liner
Resin Material Materials Materials Resin Curing Agent Date Q,%
Material Manufacturer C? V
Material Designation ]
Batch/Lot
Date of Manufacturer %

44 (N-155-3)



https://asmenormdoc.com/api2/?name=ASME BPVC.CC.NC (ASME Code Cases NC) 2023.pdf

ASME BPVC.CC.NC-2023

CASE (continued)

N-155-3

Form RTRP-2
Adhesive Matertat Test Report

Manufacturer’s Name
Manufactured for

Grade

Design Temp./Press.

Joint Type

Resin
Material

Curing
Material

Reinforcing
Material

Filler
Materials

Additive
Materials

Composite «
Material
A@

717

Material Manufacturer
Material Designation

C .’06

Batch/Lot
Date of Mfr.

\J

&

3

Manufacturer’s Value

Test Title

Test
Method
ASTM

Viscosity, cps
23°C (73.4°F)

D 2393

Color
Gardner

D 1544

Pot Life Working
at Temp.

Mixing
Composition

25.0 cps

2 units

Adhesive Shear

Strength

Min. @ (73.4°F)

@ Design Temp.
°F

D 2517

NOTES:
(1) Tolerance.

(2) Value used in Qualification

(3) Test.

Tg
(4) Enter value from Table @-1.

The above material tests have been
performed and are certified correct.

Manager of Quality Control

.

v
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Form RTRP-6

Record for Fabrication Control and Qualification of Pipe

Procedure Specification No.

A change in any of the essential variables denoted by an asterisk in succeeding paragraphs requires a new Procedure Specificatioh-

Tolerances shall be included where applicable.

Qualification Test Report No.

Nominal Pipe Diameter

*Fiberglass

(Manufacturer and Designation, Ends per Roving, Glass Composition, Filament Diameters, Yield pet End)

*Sizing or Finish

Percent by Weight: Type:

*Resin System

Filler(s), Other Than Resin Extender:

(Manufacturer and Designation)

*Curing Agent(s)

(Manufacturer and.Designation)

Resin Curing Agent Ratio Tolerances

Maximum Allowable Viscosity of Catalized Resin:

Viscosity of Resin System

tps (min) to cps (max) @

*Manner of Impregnation

*Weight Percent Glass in Structural Wall;

(prepreg, wet wind, postpreg)

*Variables of Winding Process

Helix Angle(s):

Pattern Descriptions

(Measured on cylinder between longitudinal axis and band path)

Band Depsity:“Helical

ends/in.

Band\Width and Thickness, Helical: th.

in. width in.

Band Velocity: Helical

ft/min (max)
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Form RTRP-6

Record for Fabrication Control and Qualification of Pipe (Cont'd)

Layer Sequence Ratio Hel./Circ. in Cylinder:
[Note (1)]

Circumferential Density: ends/in.

Circumferential Width: in., thickness: in.

Circumferential Band Velocity: ft/min

*Curing Schedule: °F for hr min
°F for hr min
°F for hr min
°F for hr min

Manner of Measuring Temperature: Oven Air

Winding Surface

Mandrel Other

Liner

(Describe)

(Material Specification or Manufacturer Designation, Thickness, Type Resin System, Weight Percent Reinforcement, Method of Installation)

Exterior Layer
(Type Resin, Thickness)

NOTE:
(1) Use X to(indicate layer of helical windings.
O(to,indicate full layer of circumferential windings (down and back).
o to“indicate half layer of circumferential windings (one pass).
4 to indicate reinforcement placed in the longitudinal direction.
C to indicate reinforcement placed in random direction (chopped strand).
F to indicate filler placed in a layer (one pass).

Where a range of values or a tolerance applies, state the applicable range or tolerance.
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MANDATORY APPENDIX IV

GLOSSARY OF TERMS

adhesive: a material designed to join two other materials
together by surface attachment (bonding).

chopper roving: a collection of noncontinuous glass
strands gathered without mechanical twist. Each strand
is made up of glass filaments bonded together with a fin-
ish or size for application by chopper gun.

chopper strand mat: a collection of randomly oriented
glass fiber strands, chopped or swirled together with a
binder in the form of a blanket.

continuous roving: a collection of continuous glass strands
wound into a cylindrical package without mechanical
twist.

curing agent: a reactive material which when combined
with a resin material reacts, or polymerizes (crosslinks)
with the resin. Also referred to as a hardener.

diluent: a reactive modifying material, usually liquid,
which reduces the concentration of resin material to facil-
itate handling characteristics and improve wetting.

filler: an inert material added to resinous mixtures to im-
part mechanical properties, surface texture and reduce
costs.

fire retardent resin: a specially compounded material
combined with a resin material designed to reduce or
eliminate the tendency to burn.

flexibilizer: a modifying liquid material added to a resi-
nous mixture designed to allow the finished component
the ability to be flexed or less rigid.and more prone to
bending.

grout: a heavily filled paste material used to fill crevices
and transactions between piping components.

liner: the inside surface of a piping component to protect
the structure from chemical attack and prevent leakage
under stress.

release agent: a material applied to the surface of a mold
in a thin film which prevents resins from bonding to the
mold surface and is not detrimental to.the intended ser-
vice of the product.

stiffness factor: the measurement ‘of a pipe's ability to re-
sist deflection as determined in accordance with ASTM
D2412.

thermoplastic resin: 4 resin material which does not react
or polymerize and which flows with the application of
heat and solidifies when cooled. A material which can
be reformed;

thermosetting resin: a resin material which when reacted
with-atairing agent polymerizes or undergoes crosslinking
torbeeome infusible with heating. Materials which cannot
be ‘reformed.

thixatropic agent: a material added to the resin to impart
high static shear strength (viscosity) and low dynamic
shear strength. A material which can be stirred but will
not flow.

ultraviolet absorber: a material which when combined in a
resin mixture will selectively absorb ultraviolet rays.

woven roving: a heavy glass fiber fabric reinforcing mate-
rial made by the weaving of glass fiber roving.
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CASE (continued)

N-155-3

MANDATORY APPENDIX V

SPECIFICATION FOR RTR FLANGES

V-1 SCOPE
V-1.1

This specification pertains to reinforced thermosetting
resin flanges. Included are requirements for materials,
workmanship, performance, and dimensions. Flanges
may be produced integrally with a pipe or fitting, may
be produced with a socket for adhesive bonding to a pipe
or fitting, may be two piece type consisting of a stub end
and a loose flange ring, or may be of the type used in con-
junction with either a metallic or nonmetallic backup ring.

V-2 APPLICABLE DOCUMENTS

V-2.1 ASTM STANDARDS
D618 Conditioning Plastics and Electrical Insulating
Materials for Testing
D883 Definitions of Terms Relating to Plastics
D1600 Abbreviations of Terms Relating to Plastics
D2122 Determining Dimensions of Thermoplastic Pipe
and Fittings
D2583 Test for Indentation Hardness of Plastics’by
Means of a Barcol Impressor
V-2.2 ANSI STANDARDS

B16.1-1975 Cast Iron Pipe Flanges and-Flanged Fittings,
Class 25, 125, 250, and, 800
B16.5-1977 Steel Pipe Flanges, and ' Flanged Fittings

V-3 NOMENCLATURE
V-3.1 GENERAL

Nomenclature is inaecordance with ASTM D883, “Defi-
nitions of Terms Relating to Plastics,” and abbreviations
are in accordance with ASTM D1600, “Abbreviations of
Terms Relating to Plastics,” unless otherwise indicated.
The term RTRP is the abbreviation for Reinforced Ther-
mosetting Resin Pipe.

V-4 MATERIALS
V-4.1

Flanges manufactured in accordance with this specifi-
cation shall be composed of reinforcement imbedded in

V-4.2

The resins, reinforcements, and other materials, when
combined as a composite structure, shall produce &fitting
which will meet the performance requireménts’of this
specification.

V-4.3

The gaskets used shall be in accordance with the condi-
tions stated in -3647.5.

V-5 CLASSIFICATION
V-5.1 GENERAL

This standard-ecovers reinforced thermosetting resin
flanges defined/by Type (method) of manufacture, Grade
(generictype) of resin and Class (configuration) of joining
systentfused.

V5.1 Types.

V-5.1.1.1 Type 1 — Filament-Wound Flanges.
Flanges manufactured by winding continuous fibrous
glass strand roving or roving tape, either pre-
impregnated or impregnated during winding, into a
flange cavity under controlled tension.

V-5.1.1.2 Type 2 — Centrifugally Cast Flanges.
Flanges made by placing resin, reinforcement and other
materials in a mold which is then rotated and heated.

V-5.1.1.3 Type 3 — Compression Molded Flages.
Flanges made by applying external pressure and heat to
a molding compound which is confined within a closed
mold.

V-5.1.1.4 Type 4 — Contact Molded Flanges.
Flanges manufactured by hand application of the materi-
als of construction (resin, reinforcements, etc.) onto an
open mold or form by hand, according to a predetermined
fabricating technique.

V-5.1.2 Grades.
V-5.1.2.1 Grade 1 — Epoxy.

V-5.1.2.2 Grade 2 — Polyester.
V-5.1.2.3 Grade 3 — Furan.

V-5.1.3 Classes.
V-5.1.3.1 Class 1 — Integrally Molded Flange
(Figure V-5-1). A flange that is manufactured directly
on a pipe section, pipe stub or fitting.

or-surrounded l‘\y cured fhnvmncnfﬁng resin—The compo

site structure may contain granular or platelet fillers, thix-
otropic agents, pigments, or dyes.

\-5.1.3.2 Class 2 — Tapered Bell and Spigot Ad- |

hesive Joint Flange (Figure V-5-2). A flange, single or
two piece, that is manufactured with a tapered socket to
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Figure V-5-1

Figure V-5-3

integratty Motded Ftange

)

be used in conjunction with a pipe or fitting with a ta-
pered spigot section and a suitable adhesive. This joining
method provides an interference fit over the entire length
of the bond line.

V-5.1.3.3 Class 3 — Tapered Bell and Straight
Spigot Adhesive Joint Flange (Figure V-5-3). A flange
that is manufactured with a tapered socket to be used
with pipe or fitting with untapered spigot section and a
suitable adhesive. This joining method provides an inter-
ference fit at the bottom of the socket.

V-5.1.3.4 Class 4 — Straight Bell and Spigot Ad-
hesive Joint Flange (Figure V-5-4). A flange that is man-
ufactured with an untapered socket for use with a pipe or
fitting with untapered spigot and a suitable adhesive. This
joint provides no interference fit.

V-5.2 DESIGNATION REQUIREMENT

Each flange shall be designated by thesabbreviation
RTR followed by the type, grade and class in arabic nu-
merals. By example, the designation of-a filament-wound,
epoxy flange with a tapered adhesive joint is RTR-112.
NOTE: Flanges with identical classification from different manufac-

turers may not be interchangeable due-to nonstandardization of pipe
and/or socket diameter, socket\ength, and taper angle.

Tapered Bettand Straight Spigot Adhesive Joimt
Flange

< )

Figure V-5-2
Tapered Bell and Spigot Adhesive Joint Flange

gL L L L. VAV Ay4 2

- ]

V-6 REQUIREMENTS
V-6.1 WORKMANSHIP

Flanges shall be visually examined and show no inden-
tations, delaminations; bubbles, pinholes, foreign inclu-
sions, and resin starved areas. The flanges shall conform
to Table 2900-4 or Table 2900-4A and gasket sealing sur-
faces shall eonform to 2900.

V-6:2" CURE

Flanges shall be of uniform cure.

V-6.3 DIMENSIONS AND TOLERANCES

V-6.3.1 Flange and Bolt Dimensions. All flanges
25 in. in diameter and smaller shall conform in bolt circle,
number and size of bolt holes, and outside diameter to
ANSI B16.5 for 150 1b steel flanges. Flanges larger than
24 in. diameter shall conform to the same extent to ANSI
B16.1 for 125 1b Cast Iron Flanges.

V-6.3.2 Flange Face. The flange face shall be perpen-
dicular to the axis of the fitting within ', deg and shall be
flat to +4, in. for sizes up to and including 18 in. diameter
and +Y¢ in. for larger diameters.

Figure V-5-4
Straight Bell and Spigot Adhesive Joint Flange

S

-
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V-6.3.3 Washer Bearing Surface. Washer bearing
surface shall be flat and parallel to the flange face within

CASE (continued)

N-155-3

NOTE: Procedure B is intended to be used where random sampling is
not practical due to the limited quantity or large diameter of flanges

+'/, deg.

V-6.4 PERFORMANCE

Flanges shall meet or exceed the following performance
requirements when joined for testing according to the
Manufacturer's recommended practice for field
installation.

V-6.4.1 Sealing. When tested in accordance with
V-7.5 flanges shall withstand a pressure of four times
the rated Design Pressure without leakage.

V-6.4.2 Bolt Torque. When tested in accordance
with V-7.6 flanges shall, without visible sign of damage,
withstand a bolt torque of at least four times that torque
required for sealing of the flange at its rated pressure.

V-7 SAMPLING
V-7.1 PROCEDURE A

This procedure is for flanges manufactured as a com-
modity product (those flanges not manufactured for a
specific order or application).

V-7.1.1 Sample of flanges to determine conformance
of the material to the test requirements specified in
V-7.5 and V-7.6 shall be taken at random from each lat
as defined in V-7.1.2.

V-7.1.2 A lot shall be a number of flanges net to ex-
ceed 100, of each kind, of the same nominal size-and wall
thickness, of the same designation code (as defined in Sec-
tion 5), manufactured by the same procedire and produc-
tion run. Each lot shall be identified by a marking symbol
or number to trace it to the test report in which the result
of all tests for the lot are recorded.

V-7.1.3 In the event of failure of the sample flange to
pass any of the quality centrol tests specified in V-7.5 and
V-7.6 two additional'samples taken at random from the
same lot shall be tested. The results of both retests shall
conform to thexeguirements. If either sample fails to pass
the test the lot)shall be rejected.

V-7.2--PROCEDURE B

Eor each application where flanges are classified as cus-
tom manufactured, the Manufacturer is required to pos-
sess documentation of current testing of representative
flange samples according to the requirements of V-6.4.
The Manufacturer shall be required to maintain quality
assurance records which show that the flanges are of
comparable materials, dimensional tolerances, and work-

purchased.

V-7.4 DIMENSIONS AND TOLERANCES

Flange dimensions shall be measured with micro-
meters or vernier calipers, or other suitable measuring
devices accurate to within +0.001 in. Diameters shall be
determined by averaging a minimum of four meagure-
ments, equally spaced circumferentially.

V-7.5 TEST FOR SEALING

Flanged components complying in_gemeral arrange-
ment with Figure V-7.5-1 shall be bolted together using
the gasket and bolt torque recomimended for standard
field installation by the flange-Manufacturer. The assem-
bly shall then be pressure tested and be required to hold
the test pressure as defined‘in V-6.4 for a period of 168 hr
without leakage. Retorquing to the Manufacturer's speci-
fied level after initial pressurization is permitted. Leakage
is defined as thepresence of any water on the outside of
the pipe, flange, of fitting. The test may be conducted at
ambient temperature and humidity conditions. When ele-
vated temperature rating is required the test shall be con-
ducted‘at' the desired rating temperature +5 °F.

V=7.6 TEST FOR MAXIMUM BOLT TORQUE

Using the gasket and hardware to be used with the
flange, bolt the flange against a raised face steel flange.
Tighten the nuts by hand until they are snug. Prior to fit-
up, the nuts, bolts, and washers should be well lubricated,
using a non-fluid thread lubricant. A spacer ring may be
used between the RTR flanges. Establish uniform pres-
sure over the flange face by tightening bolts in 5 ft-1b (7
N-M) increments per the sequence shown in Figure
V-7.5-2. For flanges with more than 12 bolts, similar alter-
nating bolt tightening sequences shall be used. Increase
the bolt torque uniformly until no leakage occurs at the
specified pressure rating then increase bolting torque
uniformly until flange failure occurs or until all bolts have
been torqued to four times the level required to stop leak.
Any sign of flange damage (crumbling, flaking, cracking or
other breaking) shall constitute failure.

V-8 REPORT
V-8.1
The report shall include the following:

V-8.1.1 Complete identification of the specimens in-
cluding material, Manufacturer's name and Code number,
classification (according to V-5) pressure rating, and date
of manufacture. Manufacturing process and essential
variables shall be defined.

\-8.1.2

mc\nc]—n'p asthose tested-Eorthe purpose of this standard
T 7

“current testing” is defined as having occurred within the
three year period prior to the date of sale.

(‘r\mp]nfn identification-of the gc\clznf or

O-ring included material, Manufacturer's name and Code
number, dimensions and durometer hardness.
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Figure V-7.5-1

TestAssembty Configuration

Legend:

A - end plate, end cap or quick closure with coupling for
pressure source/vent line

B - reinforced thermosetting resin pipe (RTRP)

C - test flange set

D - end plate, end cap or quick closure

D

Figure V-7.5-2
Bolt Torquing Sequence

V-8.1.3 Flange dimensions, incliding nominal size,
diameters, thicknesses, etc., of each test flange.

V-8.1.4 Test environment including conditioning
time.

V-8.1.5 Date of test.
V-8.1.6 Description of each test assembly.

V-8.1.7 S¢aling test pressure, time to failure and
type(s) of failure.

V-8.1.8._) Maximum bolt torque and type(s) of failure.

V=8.1.9 Complete listing of the number and type of
tests-conducted for flanges as described in this report.

V-8.1.10 The barcol hardness of each test flange and
the average barcol hardness of all flanges tested.

V-9 MARKING
V-9.1

Each flange shall be marked with the following infor-
mation in such manner that it remains legible under nor-
mal handling and installation practices.

V-9.1.1 The number of this Case.

V-9.1.2 Identification of the flange in accordance
with the designation code given in V-5.2.

V-9.1.3 Nominal flange size.
V-9.1.4 The pressure rating of the flange.

V-9.1.5 Manufacturer's name (or trademark) and
product designation.
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CASE

N-205

Approval Date: July 13, 1981

Code Cases will remain available for use until annulled by the applicable Standards Committee.

Case N-205
Use of Ductile Iron SA-395, Class 3
Section Ill, Division 1

Inquiry: Is it permissible in the construction of Class 3
pipe and fittings for service water, conforming to the re-
quirements of Section III, Division 1, to use ductile iron
conforming to SA-395 and the additional requirements
listed below?

Reply: 1t is the opinion of the Committee that the mate-
rial specified in the Inquiry may be used in the construc-
tion of Class 3 piping systems for service water under the
rules of Section III, Division 1 of the Code provided the fol-
lowing additional requirements are met:

(a) Service shall be confined to water or salt water.

(b) Design Pressure shall not exceed 150 psi, and De-
sign Temperature shall not exceed 200°F.

(c) The design shall be in accordance with the require-
ments of Section IIl, Division 1, of Subsection ND. The al-
lowable stress shall not exceed 12,000 psi. Slip joints with
elastomeric gaskets are permitted. Caulked‘joints and
welded joints are prohibited.

(d) Repair by plugging, peening, welding, impregnation,
or stitching is not permitted. Repair by grinding is per-
mitted in accordance with ND-25%8,

(e) Each pipe and fitting shall\be subjected to hydro-
static test of not less than»500 psi for not less than
5 min. No leaks are permitted.

(f) The Material Manufacturer shall have a Quality As-
surance Program in-accordance with NCA-3800 of Section
I11, Division 1.

(g) The material shall be identified by this Case number
by the Material Manufacturer.

The Committee’s function is to establish rules of safety, relating only to pressure integrity, governing the construction of boilers, pressure vessels, transport
tanks and nuclear components, and inservice inspection for pressure integrity of nuclear components and transport tanks, and to interpret these rules when

standards, laws, regulations or other relevant documents.

questions arise regarding their intent. This Code does not address other safety issues relating to the construction of boilers, pressure vessels, transport tanks
and nuclear components, and the inservice inspection of nuclear components and transport tanks. The user of the Code should refer to other pertinent codes,
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CASE

N-213-1

Approval Date: February 11, 2016
(ACI) Approval Date: March 6, 1978

Code Cases will remain available for use until annulled by the applicable Standards Committee.

Case N-213-1
Welded Radial Shear Bar Assemblies
Section Ill, Division 2

Inquiry: What requirements may be used in the con-
struction of concrete containments complying with rules
of Section III, Division 2, for the materials, fabrication,
and examination of welded radial shear bar assemblies
in reinforcing systems, similar to those shown in Figure
1?

Reply: Itis the opinion of the Committee that the follow-
ing requirements may be used in the construction of con-
crete containments complying with the rules of Section
111, Division 2, for the materials, fabrication, and examina-
tion of welded radial shear bar assemblies in reinforcing
systems, similar to those shown in Figure 1.

1 MATERIALS
11

Material for reinforcing bars shall be in accordance
with ASTM A706, and shall comply with the special'mate-
rial testing requirements of CC-2330. Reinfexcihg bars
shall be identified in accordance with CC-2320.

1.2

Material for the flat shear bars shall be in accordance
with mechanical properties of oiie-of the following:

Min. Yld. Min. Ten.

Specification Strength Strength
SA-537,ClL 2 60,000 psi 80,000 psi
ASTM A572, Gr. 60 60,000 psi 75,000 psi
ASTM A572, GIn65 65,000 psi 80,000 psi
ASTM A633;Gr. E 60,000 psi 80,000 psi

1.3

Welding materials shall comply with the requirements
of CC-4334.

14

Certified Material Test Reports shall be proyided in ac-
cordance with CC-2130.

2 FABRICATION

Welded joints between reinforcing bars and shear bars
shall be in accordance with CC<4334, except that the flux
cored arc process may also_be used, employing welding
materials conforming td SFA-5.20.

3 IN-PROCESS TESTING
3.1 WELDED-JOINT PERFORMANCE TEST

(a) Acontinuing welded joint performance test shall be
made, by’removing 2% of the production joints and pre-
pating the specimen as shown in Figure 1. The tensile
lead on each welded joint shall equal or exceed the load
necessary to stress the flat bar to 125% of its minimum
yield strength.

(b) Alternatively, welded joint performance tests may
be made using sister test specimens made with material
from the same heats of rebar and flat bar as the produc-
tion joints to be represented. Each sister test specimen
may be considered as a test of two welded joints. The
welding procedure used to prepare the sister test speci-
mens shall be the same as for the production welded
joints.

(c) If any production welded joint fails to meet the ten-
sile strength requirements, two additional production
welded joints shall be tested. If either of these fail to meet
the tensile strength requirements, welding shall be
halted. Welding shall not be resumed until the cause of
the failures has been resolved and corrected in accor-
dance with the Certificate Holder's Quality Assurance Pro-
gram. Those production welded joints represented by the
failures shall be rejected and replaced by satisfactory
joints. If, at any time, failure occurs in the weld to the flat
bar added for testing purposes, a retest shall be
permitted.

(d) If any sister test specimen fails to meet the tensile
strength requirement, two welded joints shall be re-
moved from a production assembly and tested. The

The Committee’s function is to establish rules of safety, relating only to pressure integrity, governing the construction of boilers, pressure vessels, transport
tanks and nuclear components, and inservice inspection for pressure integrity of nuclear components and transport tanks, and to interpret these rules when

standards, laws, regulations or other relevant documents.

questions arise regarding their intent. This Code does not address other safety issues relating to the construction of boilers, pressure vessels, transport tanks
and nuclear components, and the inservice inspection of nuclear components and transport tanks. The user of the Code should refer to other pertinent codes,
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Figure 1
Welded Radial Shear Bar Assembly

l@——— Rebar

| Flat shear bar

——— Full pénetration weld
between flat shear bar
and rebar

Partial Radial Shear Bar Assembly

A [Note (1)]

Axis of applied
tension during
testing

Production weld

Dummy flat bar
welded to rebar
to allow testing of
production joint

Welded Joint Performance Test Specimen

NOTE-

(1) At least %, minimum dimension required by tensile testing equipment.
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acceptance of the group of production welded joints rep-
resented shall be based upon these additional test speci-

CASE (continued)

N-213-1

the Certificate Holder's Quality Assurance Program.
Those production welded joints represented by the fail-

mens meeting the same requirements described in (c).

3.2 REINFORCING BAR PERFORMANCE TEST

(a) In addition to the welded joint performance tests, a
rebar tensile test specimen shall be prepared by removing
1% of the production welded joints. The specimen shall
be as shown in Figure 2. In the case where a sister test
specimen has been used in the welded joint performance
test, the rebar tensile test specimen may also be a sister
test specimen. The tensile strength of each of these test
specimens shall equal or exceed the minimum tensile
strength requirements of the rebar.

(b) If any production test specimen fails to meet the
minimum tensile strength requirements of the rebar,
two additional specimens shall be tested. If either of these
fail to meet the requirements, welding shall be halted.
Welding shall not be resumed until the cause of the fail-
ures has been resolved and corrected in accordance with

ures shall be rejected and replaced by satisfactory joints.

(c) If any sister test specimen fails to meet the mini-
mum tensile strength requirements of the rebar, two
specimens shall be removed from a production assembly
and tested. The acceptance of the group of production
welded joints represented shall be based upon these ad-
ditional test specimens meeting the same requirements
described in (b).

4 EXAMINATION

Welded joints shall be visually examined in accordance
with CC-5331.

5 DATA REPORTS

The use of this Cede,Case shall be indicated on the Fab-
ricator's or Constructor's Data Report.

Figure 2
Reinforcing Bar Performance Test Specimen

Pl &
Axis of applied ——}9»
tension during
testing
B[Note (1)]
|
CINoté (2)] e ————X'

AN

Flat bar welded
to rebar

B [Note (1)]

NUTES:

(1) Atleast ', minimum dimension required for tensile testing equipment.

(2) Any convenient dimension.

3 (N-213-1)
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CASE

N-249-17

Approval Date: April 10, 2018

Code Cases will remain available for use until annulled by the applicable Standards Committee.

Case N-249-17

Additional Materials for Subsection NF, Class 1, 2, 3,
and MC Supports Fabricated Without Welding
Section Ill, Division 1

Inquiry: What materials in addition to those listed in
Section II, Part D, Tables 1A, 1B, 24, 2B and Y1, may be
used for Section III, Division 1, Classes 1, 2, 3, or MC sup-
ports constructed to the requirements of Subsection NF
when the items are fabricated without welding?

Reply: It is the opinion of the Committee that the addi-
tional materials, design stress intensity and allowable
stress values, the yield strength, and the ultimate tensile
strength values,! listed in Tables 1, 2, 3, 4 and 5 of this
Code Case may be used in the construction of Class 1, 2,
3, and MC supports fabricated without welding for Sec-
tion III, Division 1, in addition to those listed in Table
NF-2121(a)-1.

The following additional requirements shall apply.

(a) The requirements of Subsection NF shall be met ex<
cept as modified by this Case.

(b) Repair welding is not permitted on carbon anddow
alloy steels containing more than 0.35% carbomyner on
precipitation hardened or age-hardened steels,'nor on
the free machining steels permitted in (c) below, unless
permitted by the material specification. Weld repairs of
base material shall be made on annéaled material and
such repaired material shall be reheat treated in accor-
dance with the material specification.

(c) When the Material column in Tables 1 through 5
references AISI grades, only niaterials meeting the chem-
ical composition requirements of the specific AISI grades
listed shall be used,,with the exception that 0.60%

maximum silicon is permitted for castings. Free machin-
ing modifications of the specific AISI grades listeddnay
be used at the same design stress intensities,-allpwable
stresses and yield strengths of the reference ‘grades but
their use is limited to 400°F (200°€)’maximum
temperature.

(d) When the ASTM specification referenced in Tables
1 through 4 does not specify minithum tensile and yield
strengths, the values listed under the appropriate col-
umns shall be met by the material.

(e) The maximum measured ultimate tensile strength
(UTS) of the support material should not exceed 170 ksi
(1172 MPa) unless-consideration is given to the suscept-
ibility of high-strength materials to brittleness and stress
corrosion cracking. Certain applications may exist where
a UTS value. of up to 190 ksi (1 310 MPa) could be consid-
ered aceeptable for a material.

(1)°For these applications, the Design Specification
shauld specify impact testing for piping supports in accor-
dance with NF-2300. Component supports shall meet the
requirements of NF-2300.

(2) The Design Specification shall include require-
ments for the consideration of the effects of sustained
loads, environment, residual stress, and heat treatment
on the susceptibility to stress corrosion cracking of these
high strength materials.

(3) The Design Documents shall include confirmation
that the material is not subject to stress corrosion crack-
ing by virtue of the fact that a corrosive environment is
not present, the support has essentially no residual
stresses nor assembly stresses, and it does not experience
frequent sustained load in service.

! The tabulated.values of tensile strength and yield strength are those which the Committee believes are suitable for use in design calcula-
tions required by Section I1I, Division 1. At the temperatures above room temperature, the values of tensile strength tend toward an average or
expected value which may be as much as 10% above the tensile strength trend curves adjusted to the minimum specified room temperature
tensile strength. At temperatures above room temperature, the yield strength values correspond to the yield strength trend curve adjusted to
the minimum specified room temperature yield strength. Neither the tensile strength nor the yield strength values correspond exactly to either
“avérage” or “minimum,” as these terms are applied to a statistical treatment of a homogenous set of data. Neither the ASME or ASTM Material
Specifications nor the rules of Section III, Division 1, require elevated temperature testing for tensile or yield strengths of production material
for use in Code components. It is not intended that results of such tests, if performed, be compared with these tabulated tensile and yield
strength values for ASME Code acceptance/rejection purposes for materials. If some elevated temperature test results on production material
appear lower than the tabulated values by a large amount (more than the typical variability of material suggesting the possibility of some er-
ror), further investigation by retest or other means should be considered.

The Committee’s function is to establish rules of safety, relating only to pressure integrity, governing the construction of boilers, pressure vessels, transport
tanks and nuclear components, and inservice inspection for pressure integrity of nuclear components and transport tanks, and to interpret these rules when

questions arise regarding their intent. This Code does not address other safety issues relating to the construction of boilers, pressure vessels, transport tanks
and nuclear components, and the inservice inspection of nuclear components and transport tanks. The user of the Code should refer to other pertinent codes,
standards, laws, regulations or other relevant documents.
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(f) Materials in Tables 1 through 5 that are listed as an (9) The material shall be furnished with the require-
AISI composition may be accepted as satisfying the re- ments of NF-2600.
quirements of the ASTM specification provided the chem- (h) This Case and revision number shall be listed on the

ical requirements of the AISI specification are within the applicable documentation accompanying shipment.
specified range of the designated ASTM specification, and

certification of the material shall be in accordance with

the requirements of NCA-3860.
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ASME BPVC.CC.NC-2023

CASE

N-258-2

Approval Date: July 30, 1986
(ACI) Approval Date: March 17, 1978

Code Cases will remain available for use until annulled by the applicable Standards Committee.

Case N-258-2
Design of Interaction Zones for Concrete Containments
Section Ill, Division 2

Inquiry: What rules apply for the design of an interac-
tion zone between a steel shell portion of a containment
and the Section III, Division 2 concrete?

Reply: It is the opinion of the Committee that for Section
I1I, Division 2 containments, the interaction zone may be
designed using the following rules.

(a) The interaction zone is that portion of the concrete
containment where concrete is used in conjunction with
the steel shell for load resisting purposes.

(b) The steel shell portion of the interaction zone shall
meet the requirements of Section III, Divison 1, except
structural acceptance testing shall be in accordance with
(.

(c) The concrete containment in the interaction zone
shall meet the requirements of Section III, Division 2.

(d) The design and analysis of the interaction zone shall
be made considering the interaction of the steel shelland
the concrete. In the interaction analysis and design}) an-
chorage shall be provided. Between anchor points, full
bonding and absence of bonding between the Division 1
shell and the Division 2 concrete shall be considered. Jus-
tification shall be provided that intermediate bonding is
not a limiting case.

(e) Joints in that portion of thessteel shell backed by
concrete shall have been tested\for leak tightness using
a gas medium test prior to being covered by concrete

and as described in CC-5536.1. Welds shall be inspétted
and tested prior to embedment in accordange’with
NE-5250, except that NE-5250(a) does not apply.

(f) The following rules shall apply for structural accep-
tance testing.

(1) Test pressure shall bedn,accordance with
NE-6320, but not less than 1.15\P,. Test temperature
shall be in accordance with NE=6312.

(2) Test pressure shall'be applied in accordance with
CC-6211 for measurements or observations of the con-
crete portions of the shell. In addition, after 50% of test
pressure has beenreached, extra pressure increments
(approximately halfway between the measurement pla-
teaus) shall'\be"taken to pressurize the steel portion of
the shell“in accordance with NE-6313.

(3) Examination of the steel shell in accordance with
NE=6324 shall be performed.

(4) Deflection measurement requirements of
CC-6232 will be satisfied by radial deflection measure-
ments taken within the top 5 ft of the interaction zone
on four azimuths.

(5) Crack inspection requirements of CC-6233 do not
apply.

(6) The requirements of CC-6213(c) do not apply.

(7) All other requirements of CC-6000 shall apply for
the concrete portion of the shell.

See Figure 1 on the next page for limitation of the in-
teraction zone.

The Committee’s function is to establish rules of safety, relating only to pressure integrity, governing the construction of boilers, pressure vessels, transport
tanks and nuclear components, and inservice inspection for pressure integrity of nuclear components and transport tanks, and to interpret these rules when

standards, laws, regulations or other relevant documents.

questions arise regarding their intent. This Code does not address other safety issues relating to the construction of boilers, pressure vessels, transport tanks
and nuclear components, and the inservice inspection of nuclear components and transport tanks. The user of the Code should refer to other pertinent codes,
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Figure 1
Limitation of the Interaction Zone
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Code Cases will remain available for use until annulled by the applicable Standards Committee.

Case N-284-4

Metal Containment Shell Buckling Design Methods,
Class MC, TC, and SC Construction

Section Ill, Division 1; Section lll, Division 3

Inquiry: Are there alternatives to the requirements of
NE-3222, WB-3133, or WC-3133 for determining allow-
able compressive stresses for Section III, Division 1, Class
MC construction and Section III, Division 3, Class TC and
SC construction?

Reply: 1t is the opinion of the Committee that, for Sec-
tion III, Division 1, Class MC construction and Section
I11, Division 3, Class TC and SC construction, theyprovi-
sions of this Case, as follow, may be used as an‘alternative
to the requirements of NE-3222, WB-3133;.6f WC-3133.

The Committee’s function is to establish rules of safety, relating only to pressure integrity, governing the construction of boilers, pressure vessels, transport
tanks and nuclear components, and inservice inspection for pressure integrity of nuclear components and transport tanks, and to interpret these rules when

standards, laws, regulations or other relevant documents.

questions arise regarding their intent. This Code does not address other safety issues relating to the construction of boilers, pressure vessels, transport tanks
and nuclear components, and the inservice inspection of nuclear components and transport tanks. The user of the Code should refer to other pertinent codes,
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-1000 METAL CONTAINMENT SHELL

BUCKLING DESIGN METHODS Phret H btebockt } et

-1100 INTRODUCTION

-1110 Scope

The design of a class MC, TC or SC containment vessel
against buckling shall be based on the requirements of
Subsections NE, WB, or WC of the Code. NE-3133,
WB-3133, or WC-3133 provides specific design rules for
unstiffened or ring stiffened cylindrical shells, spherical
shells and formed heads under external pressure and un-
stiffened cylinders under axial compression. NE-3222
provides general guidelines for other shell geometries
and loading conditions for Class MC construction. The
purpose of this Case is to provide stability criteria for de-
termining the structural adequacy against buckling of
containment shells with more complex shell geometries
and loading conditions than those covered by NE-3133,
WB-3133, or WC-3133. Such effects as symmetrical or un-
symmetrical dynamic loading conditions, circumferential
and/or meridional stiffening for heads as well as cylindri-
cal shells, combined stress fields, discontinuity stresses
and secondary stresses are considered in the stability
evaluation.

Acceptable stress analysis procedures and methods for
determining stress components to be used in the stability:
evaluation are given. The buckling capacity of the shell is
based on linear bifurcation (classical) analyses reduced
by capacity reduction factors which account far’the ef-
fects of imperfections and nonlinearity in geometry and
boundary conditions and by plasticity redtiction factors
which account for nonlinearity in material’properties.

-1111 Limitations

The procedures of -1710 and -1720 assume an axisym-
metric structure. All containment vessels have penetra-
tions which are nohaxisymmetric with respect to the
containment vessel, Studies and experience have shown
that penetrations' which are fully reinforced according
to the Code-rules, and which have an inside diameter that
is small.compared to the vessel diameter, will not reduce
the buekling strength of the overall structure. Paragraphs
-1710-and -1720 may be used without special considera-
tion”of properly reinforced penetrations that have an in-
side diameter not greater than 10% of the vessel
diameter. The effect of larger penetrations shall be con-
sidered in the Design Report.

The rules of this Case are applicable to shells with
radius-to-thickness ratios of up to 1000 and shell thick-

CASE (continued)

N-284-4

-1120 Basic Buckling Design Values

the Code are specified in NE-3131(b), NE-3133 and
NE-3222 for Class MC construction and are specified in
WB-3133 or WC-3133 for Class TC or SC construction.

The basic Code buckling rules as well as the rules of this
Code Case are based on the fabrication requirements of
NE-4222, WB-4222, or WC-4222.

The methods of buckling evaluation are given in1700.
The buckling evaluation is made by either oftwo meth-
ods. The first method is contained in -1710.and utilizes
formulae and interaction equations which(must be satis-
fied. The alternate method involves/checking the ade-
quacy against buckling as computed by computer codes
in accordance with -1720 or -1730Y The procedures for
these methods are outlined below and summarized in
-1800.

For both methods the following items are calculated:

(a) a set of stress eomponents, o;, from applied loads
are computed in accordance with -1300,

(b) a factor ofisafety, FS, is determined from -1400,

(c) capacity reduction factors, a;;, are computed from
-1500, and

(d) plasticity reduction factors, n;, are obtained from
-1600.

Witen using the formulae in -1710, theoretical elastic
buckling stresses for special loading cases (0 ¢¢j, 0r¢js
Ogoej» and op.;) are computed from -1712. The corre-
sponding allowable stresses for elastic and inelastic buck-
ling (e.g, 0xq = @p; 04;/FS,and 6. = ng 0y,) are then
computed in -1713. The interaction equations of -1713
are then used to determine the adequacy of design for
other than the special loading cases.

When the buckling evaluation is by computer codes per
-1720 and -1730, sets of amplified stress components
0is =0;FS/a;j and 0, = 05/n; are calculated and com-
pared with the linear bifurcation predictions of the com-
puter codes.

-1200 NOMENCLATURE

A; = cross-sectional area of stiffener (no effective
shell included), sq in. i = ¢ for meridional
(longitudinal or stringer) stiffeners, i = 6
for circumferential (ring) stiffeners

C; = elastic buckling coefficients

Et
Cor Cop = elastic buckling coefficients in hoop direc-
tion for cylinders under uniform external
pressure, 04 = 0 and o4 = 0.504,
respectively
E = modulus of elasticity of the material at De-
sign Temperature, psi
FS = factor of safety

ness of 1//1 . or grnafnr Any vessel design ncing less con-
(=]

servative procedures or involving cases not covered by
this Case shall be justified in the Design Report.

E
2(1 + )
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width or depth of elements of a stiffener, in.
moment of inertia of stiffener in the i direc-

ASME BPVC.CC.NC-2023

i

distance in i direction between lines of sup-
port, in. A line of support includes any inter-

IFE

Ji

Lg

tion, about its centroidal axis, in.*

moment of inertia of stiffener plus effective
width of shell £, (£, = £.¢ for circumferen-
tial stiffeners and ¢, = £.¢ for meridional
stiffener), about centroidal axis of combined
section, in the i direction, in.*

3

[+ AgP—tet |t

A+ et 12
value of I which makes a large stiffener
fully effective, that is, equivalent to a
bulkhead
¢, 8, or ¢ 6 corresponding to meridional di-
rection or stress component, circumferential
direction or stress component, and in-plane
shear stress component, respectively
1 or 2 corresponding to ¢ or 8 above where
1 corresponds to the larger compression
stress and 2 corresponds to the smaller
compression stress
x, h, r, T to denote the special loading cases
of axial (or meridional) compression alone,
hydrostatic external pressure, radial exter-
nal pressure, and in-plane shear
torsional constant of stiffener for general
non-circular shapes use Z(ht,>/3), in.*
L, S, G corresponding to local buckling
(buckling of shell plate between stiffeners
or boundaries), stringer buckling (buckling
between rings of the shell plate and attached
meridional stiffeners, and general instability
(overall collapse), respectively
the ratio of the axial membrane’force per
unit length to the hoop compressive mem-
brane force per unit length
0¢t¢
doto

o 2
- (2]

Ota
overall length of cylinder, in.
lengthiof cylinder between bulkheads or
lines-of support with sufficient stiffness to
act-as bulkheads, in. Lines of support which
act as bulkheads include end stiffeners
which satisfy -1714.1(b)(2), a circumferen-
tial line on an unstiffened head at one-third
the depth of the head from the head tangent
line, a circumferential line at point of em-
bedment in or anchorage to a concrete foun-
dation, and the cylinder to head junction
when the head is designed in accordance
with this Case for stiffened heads.

sx X X

=

ni

]

Ojej
Oia» Oic

mediate size stiffening ring which satisfies
the requirements of this Case in addition
to the lines of support included in the defini-
tion for Lg.

one-half of the sum of the distances ¢; on
either side of an intermediate size stiffener,
in.

effective width of shell acting with the stif-
fener in the i direction, in.

1.56+/Rt unless otherwise noted
/Rt
i/ VRt

smaller of My and Mg

number of half wavés into which shell will
buckle in the meridienal direction

number of waves into which shell will
buckle in the circumferential direction
shell radius; in.

radigs,to centroidal axis of the combined
stiffener and effective width of shell, in.
effective stress radius for toroidal and ellip-
soidal shells in the ¢ and 6 directions, re-
spectively, in. See Figure -1713.1.3-1

shell thickness, in.

thickness of elements of a stiffener, in.

) + t,@ +1, 0.5 (tgp + to)
9 lg
distance from centerline of shell to centroid
of stiffener (positive when stiffeners are on
outside), in.

capacity reduction factors to account for the
difference between classical theory and pre-
dicted instability stresses for fabricated
shells (a;s = a;z)

plasticity reduction factor to account for
non-linear material behavior, including ef-
fects of residual stress

R TR

p’ Lp

the lowest multiples of the prebuckling
stress states o, and o;, which cause linear
bifurcation buckling

Poisson's ratio

calculated membrane stress components
due to applied loads, psi

theoretical elastic instability stresses, psi
allowable stresses for elastic and inelastic
buckling, respectively, psi

amplified stress components to be used for
elastic bifurcation buckling stress evalua-
tion, psi

one-half of the sum of the distances Lz on
either side of an end stiffener, in.

4 (N-284-4)

o; - FS/a,]



https://asmenormdoc.com/api2/?name=ASME BPVC.CC.NC (ASME Code Cases NC) 2023.pdf

ASME BPVC.CC.NC-2023

o;p = amplified stress components to be used for
inelastic bifurcation buckling stress evalua-

CASE (continued)

N-284-4

analysis or an equally valid analysis which shall be veri-
fied in the Design Report. The model used for such anal-

tions, psi
= O-is/r]i
= theoretical elastic instability stresses in the
hoop direction for cylinders under external
pressure, K = 0 and K = 0.5, respectively, psi
o, = tabulated yield stress of material at Design
Temperature, psi. (Section I, Part D, Subpart
1, Table Y-1)

-1300 STRESS ANALYSIS PROCEDURES

The governing factor in the buckling analysis of a con-
tainment shell is the compressive membrane stress zones
in the vessel arising from the static or dynamic response
of the vessel to the applied loadings. The procedures of
this Case call for static or dynamic linear shell analyses.
Geometric nonlinear analysis may be used. The analysis
should account for the dynamic effects associated with
any dynamically applied loads. The shell analysis may
be performed by the axisymmetrical shell of revolution
method of -1310 or by alternate methods. The more ela-
borate, three-dimensional thin shell analysis method of
-1320 may be used if the vessel geometry and/or the
magnitude of any attached masses are such that axisym-
metric shell of revolution analysis is not appropriate.
Thermal and other secondary stresses will be treated
the same as primary stresses. Fluid-structure interaction
should be included in the dynamic analysis.

-1310 Axisymmetric Shell of Revolution Analysis

Most containment vessels can be adequately modeled
as axisymmetric structures for determining their overall
response to the applied loads. The mass of'local attach-
ments should be smeared around the shell-at the applica-
ble elevations. A separate, uncoupled analysis of
significant attached masses can be;performed, if required.
Non-axisymmetric loadings shall\be applied by use of an
adequate number of Fourierharmonics. Ring stiffeners,
if any, can be modeled discretely or an equally accurate
representation shall beiused and verified in the Design
Report. Longitudinal_stiffeners on cylinders and radial
stiffeners on doubly-curved shells can be modeled as an
orthotropic layer, if the stiffener spacing is close enough
to make the shell plate between stiffeners fully effective.
A method for determining the effective width of shell
for longitudinally stiffened cylinders is given in
-17122.2. This method may also be applied to doubly
curved shells when the capacity reduction factors are de-
termined on the basis of an equivalent cylinder.

-1320 Three-Dimensional Thin Shell Analysis

For those vessels containing major attachments cap-
able of signifcantly altering the overall response of the

ysis should be refined enough to adequately account for
coupling effects of the vessel and its attachments and to
provide an accurate estimate of stresses due to applied
static and dynamic loadings. The procedure given in
-1310 for modeling stiffeners should be followed.

-1330 Determination of Stress Components for
Buckling Analysis and Design

The internal stress field which controls the buckling of
a cylindrical, spherical, toroidal or ellipsoidal shell con-
sists of the longitudinal membrane, ciceumferential mem-
brane, and in-plane shear stresses. Thése stresses may
exist singly or in combination, dépénding on the applied
loading. Only these three stress.ecomponents are consid-
ered in the buckling analysis:

For the dynamic loading case, the stress results from a
dynamic shell analysis.are’screened for the maximum val-
ue of the longitudimal compression, circumferential com-
pression, or in-plane shear stress at each area of interest
in the shell. The maximum value thus chosen is taken to-
gether with.the other two concurrent stress components
(here onedor both components may be tension) to form a
set of quasi-static buckling stress components. For each
paftitiedlar area of interest, three sets of quasi-static buck-
ling stress components corresponding to the three maxi-
mum values are used to investigate the buckling capacity
of the shell. The analyst should also review the results of
the dynamic analysis for additional sets of quasi-static
stress components which may represent a more severe
condition than those defined above, and include them in
the buckling investigation.

When the applied loading causes static or quasi-static
stresses which vary in longitudinal and/or circumferen-
tial directions within the particular area of interest, each
set of stress components along any circumference may be
assumed to act uniformly over the entire circumference.
For three-dimensional thin shell bifurcation analysis,
the actual stress fields may be used.

When combining the effects of different applied loads
which act concurrently, each of the three stress compo-
nents is summed algebraically. If the sum of the longitudi-
nal or circumferential components is tension, then that
stress component may be set to zero.

-1400 FACTORS OF SAFETY

The basic compressive allowable stress values will cor-
respond to a factor of safety of two in this Case. This fac-
tor is applied to buckling stress values that are
determined by classical (linear) analysis and have been
reduced by capacity reduction factors determined from
lower bound values of test data.

The stability stress limits will correspond to the follow-

vessel the r‘r\np]ing effects of the vessel and the attach
7

ment may have to be accounted for. This can be done
by the use of a three-dimensional thin shell finite element

ing factors of C’JFDf}I’ E'(" inthis Case:

(a) For Design Conditions and Level A and B Service
Limits, FS = 2.0.

5 (N-284-4)
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(b) For Level C Service Limits the allowable stress val-
ues are 120% of the values of (a). Use FS = 1.67.

ASME BPVC.CC.NC-2023

(1) Effect of R/t

(c) For Level D Service Limits the allowable stress val-
ues are 150% of the values of (a). Use FS = 1.34.

The factors of safety given above are used in the buck-
ling evaluation of -1700 and are the minimum values re-
quired for local buckling. The buckling criteria given in
-1700 require that the buckling stresses corresponding
to stringer buckling and general stability failures be at
least 20% higher than the local buckling stresses.

-1500 CAPACITY REDUCTION FACTORS

The buckling capacity as determined by linear bifurca-
tion (classical) analysis is not attained for actual shells.
The reduction in capacity due to imperfections and nonli-
nearity in geometry and boundary conditions is provided
through the use of capacity reduction factors, a;;, given
below for shells which meet the tolerances of NE-4220,
WB-4220, or WC-4220.

Three modes of buckling are considered in this Case.
These are:

(a) local buckling, which is defined as the buckling of
the shell plate between stiffeners,

(b) stringer buckling, which is defined as the buckling
between circumferential rings of the shell plate and the
attached meridional stiffeners and

(c) general instability, which is defined as overall col-
lapse of the combined shell and stiffeners.

All stiffeners must be proportioned to preclude local
buckling of the web or flange of a stiffener. One.set of
a;; values is given for local buckling and a sécohd set
for stringer buckling and general instability,

These capacity reduction factors can be used for both
internally or externally stiffened shells;as’ well as unstif-
fened shells. The influence of internal‘pressure on a shell
structure may reduce the initial imperfections and there-
fore higher values of capacity;reduction factors may be
acceptable. Justification for.higher values of a;; must be
given in the Design Report: This capacity increase may
also be applied to the equivalent sphere used in the buck-
ling design of a torgidal or ellipsoidal shell under internal
pressure.

-1510 . Local Buckling

Insthe following paragraphs no increase in buckling
stréss is recognized for values of M; less than 1.5.

-1511 Cylindrical Shells — Stiffened or Unstiffened

(a) Axial Compression (See Figures -1511-1 and
-1511-2)

agpy, = 0.207 forR/t > 600

apr = 1.52 — 0.473logyo(R/t)

3000,

Use smaller value for R/t < 600
- Y —0.033

0(¢L =

(2) Effect of Length

(1¢L = 0.627ifM¢ <15
agpl, = 0.837 — 0.14M¢ if1.5 < M¢, <173

apr = %if1.73 < M¢ < A0
apl = 0.207ifM¢ > 10
(b) Hoop Compression
agp= 0.8
(c) Shear (See/Figute -1511-1)

agpgL = 0.8if R/t < 250
apgy= 1323 - 0.218 log, ((R/¢t) if 250 < R/t < 1000

=1512 Spherical Shells — Stiffened or Unstiffened

See Figure -1512-1 then see -1713.1.2 for method of
calculating M.

(a) Uniaxial Compression

apl, = agl, = ayy,

ay;, = apr /0.6 (Butnotto exceed 0.75)

See (b) for a;,,
(b) Equal Biaxial Compressive Stresses

agpL = gL, = Az,

app, = 0.627 ifM < 1.5

ap;, =0.837 - 0.14M if1.5<M <173

apl = &0266 if1.73 <M < 23.6
MO

apy;, = 0.124 ifM > 23.6

(c) Unequal Biaxial Compressive Stresses. Use a;; and
a,; in accordance with -1713.1.2.

(d) Shear. Buckling evaluation will be made using prin-
cipal stresses.

-1513 Toroidal and Ellipsoidal Shells

Use the larger of the values determined for a4, from
(1) and (2).

Use the values of a;;, given for spherical shells in accor-
dance with -1512.

6 (N-284-4)
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Figure -1511-2
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Figure -1512-1

C LS
0.8
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0.6 \
L Uniaxial compression |
%L
~
s 04 \
— Equal biaxial compression —
.
oo | L | | | | 1
0 4 8 12 16 20 24 28
M = L-/N/Rt

-1520 Stringer Buckling and General Instability

-1521 Cylindrical Shells — Ring and/or Stringer
Stiffened

(a) Axial Compression

ApG = 0.72 if4 2.0.20
ApG = (3.6 -5.0 C(¢L)Z + agpy, if0.06 <A < 0.20
Q’¢G = a¢L ifA < 0.06

where a, is determined'from -1511(a)(1) and 4 is given
by the following relationships:

. —  Ap
For stringersonly: 4 = ——
lspt
Forrings only:4 = Ag
/fsgbt

For rings and stringers: A = smaller of above values for
A.

NOTE: Assume that the stiffener is not effective if A < 0.06.
(b) Hoop Compression

agg = 0.80
(c) Shear
agoc= 0.80 if R/t < 250

a’¢9(;= 1.323 - 0.2181 log 10(R/L‘)
if250 < R/t < 1000

-1522 Spherical Shells — One-Way or Two-Way
(Orthogonal) Stiffeners

(a) Meridional Compression and/or Hoop Compression
ApG = A9G = 0.1013

-1523 Toroidal and Ellipsoidal Shells — One-Way or
Two-Way (Orthogonal) Stiffeners

Use the value of a;; given for spherical shells.

9 (N-284-4)
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-1600 PLASTICITY REDUCTION FACTORS
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-1612  Spherical Shells

Tlu: CldbLiL ‘Uul.‘l\lills SLICSSCS fUl fd‘Ul il.dl.cd bllc;‘lb dl'c
given by the product of the classical buckling stresses
and the capacity reduction factors, i.e., 0;.; @;;. When
these values exceed the proportional limit of the fabri-
cated material, plasticity reduction factors, n;, are used
to account for the non-linear material properties. The in-
elastic buckling stresses for fabricated shells are given by
Ni Ojej Qjj-

Two sets of equations are given for determination of
the plasticity reduction factors. For buckling evaluation
by formulas (see -1710) the factors are expressed in
terms of a;; 0;.;. For bifurcation buckling analysis with
a computer program (see -1720 and -1730) the factors
are expressed in terms of o; FS because 0., is an un-
known quantity. This approach will always be conserva-
tive since o; FS < n; a;j 0j;.

-1610 Factors for Buckling Analysis by Formulas
(See Figure -1610-1)

-1611 Cylindrical Shells
Let
A= Qjj0jej
%
(a) Axial Compression
ng = 1.0 ifA < 0.55
Ng = 045 018 if0.55 <A <16
A
Ng = _ 181 16<A<625
1+ 1.15A
1
=— ifA > 6.25
) A 1
(b) Hoop Compression
=1 ifA <067
Ng = _ 253 if0.67 <A <42
1+ 2.29A
1
=— ifA>4.2
Ur] A 1
(c) Shear
Ngg = 1.0 ifA < 0.48

o = % +01 if048 <A< 17

0.6

Ngo= — ifA>17

(U} an{CI l‘dl‘UllMl’ CUIHIJI CD.)[‘UI[ ulld/ll.ll I'I'UUIJ CUIHIJI CDD(’UI(.
Use the values given in -1611(a).
-1613 Toroidal and Ellipsoidal Shells

(a) Meridional Compression and/or Hoop Compression.
Use the values given in -1611(a).

-1620 Factors for Bifurcation Buckling Analysis
(See Figure -1620-1)

If the computed values of 6 4 or o4 (see -1711 for meth-
ods for treatment of discontinuity stresses) exceed o, /FS
or 049 exceeds 0.6 0, /FS, the design is inadequate and
modifications are needed to lower the%alue of o;.

-1621 Cylindrical Shells

(a) Axial Compression

Fs
if 2™ < 055

ns, = 1.0
¢ o,
opFS
T if0.55 < -2~ < 0.738
e 5 Uy O—y
U¢FS
O‘¢FS i U(erS
fg= 131 - 115-2— if0.738 < £~ <10

Oy Oy

(b) Hoop Compression

ng=1 it 25 < 0,67
%
np = 2.53 - 229% ir067 < 25 <19
% %
(c) Shear
opoFS
o = 1.0 if 22 < 048
%

o40FS
if0.48 < 292 <06
9y

- 0.1
b0 _1 0430,
0¢9FS

-1622 Spherical Shells

(a) Meridional Compression and/or Hoop Compression.
Use the values given in -1621(a).

-1623 Toroidal and Ellipsoidal Shells

(a) Meridional Compression and/or Hoop Compression.
Use the values given in -1621(a).
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CASE (continued)

N-284-4

Figure -1610-1
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-1700 BUCKLING EVALUATION

The buckling evaluation may be perforinied by one of a
number of different approaches. Three“acceptable alter-
native approaches are given in 1710, -1720, and -1730.
In -1710 formulas are given forthe buckling evaluation.
An axisymmetric shell ofipevolution and a three-
dimensional thin shell computer code are used for the
buckling evaluations.given in -1720 and -1730, respec-
tively. Generally, the/same computer program is used
for both the linear ‘elastic stress analysis, as described
in -1300 and-the buckling evaluation.

For each of three approaches it is recommended that a
separate buckling evaluation be made for

(a)local buckling of the shell plate between stiffening
elements

(b) buckling between circumferential stiffeners of com-
bined shell plate and attached meridional stiffeners and

(c) general instability or overall collapse of the com-
bined shell and stiffening system.

For some geometries, the critical load values predicted for

design for these geometries since actual failure may occur
from excessive deformation before the predicted general
instability load can be reached. A static and/or dynamic
analysis is performed for each specified loading and the
stresses computed in accordance with -1300. The stresses
are combined for each specified Service Limit to deter-
mine the buckling stress components, o;.

For buckling evaluation by formula, the stress compo-
nents o; are inserted in the interaction equations given
in -1713. Simple equations are also given in -1712 for de-
termining the classical buckling stresses of shells for the
special stress states (load cases) of axial or meridional
compression alone, hydrostatic external pressure (K =
0.5), radial external pressure (K = 0), and inplane shear
alone. The allowable stress values for these special stress
states are given by 0, = a;; 0,.;/FS for elastic buckling
stresses and by 0;. =1; 0;, for inelastic buckling stresses.
The allowable buckling stresses for the special stress
states are used in the interaction equations in -1713 for
determining the allowable stresses for combined stress
states.

The classical hnr‘lz]ihg stresses may also be determined

the cgeneral instability mode mavbe sionificanthz laraer
[=) J J t=] J [=)

than those for the local buckling mode. This is not neces-
sarily a good indicator of the reserve strength of the

for nonuniform stress fields from the computer codes
used for the methods of -1720 and -1730. Therefore,

11 (N-284-4)
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Figure -1620-1
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when using the values of -1500 for a;;, simply supported
edges should be assumed for determination of theoretical
values by computer. In this Case, thé edge of the shell is
assumed to be simply supported dfjat the edge the radial
and circumferential displacements are zero and there is
no restraint against rotatioh.er translation in the meridio-
nal direction. Also there is 10 restraint against rotation in
the circumferential direction for panels between meridio-
nal stiffeners.

For bucklingrevaluation by use of a computer code, am-
plified stress components o;s and o;, are determined
from o,,=\0{ FS/a;; and 0;, = 0;5/1;. The method of
-1720 is"based upon an axisymmetric shell of revolution
linear\bifurcation analysis. The shell model is assumed
to\peraxisymmetric with simple support boundary condi-
tions and the stress components 0,5 and o, are assumed
to be uniformly distributed around the circumference.
Each set of amplified stress components is compared with
the classical buckling capacity of the shell model as dis-
cussed in -1720. If the classical buckling capacity is equal

0ip, the design is adequate. A value of A, = 1.0 is recom-
mended for local buckling and 1.2 for stringer buckling
and general instability modes of failure.

For those cases where significant nonaxisymmetric
conditions exist and a three-dimensional stress analysis
has been performed, the buckling evaluation approach
of -1730 may be used. For such three-dimensional thin
shell buckling analysis the calculated state of stress may
be used in determining the amplified stress components
o;s and o, for input to the program.

For any of the above approaches, the effects of local dis-
continuities and attached masses, if not included with the
general shell buckling analysis, should be investigated.
For openings reinforced in accordance with the area re-
placement rules of Subsections NE, WB, and WC, it can
be assumed that the reduction in the buckling capacity
of the shell is negligible. Stresses in the shell due to pen-
etration loads shall be given consideration, to preclude lo-
calized buckling of the shell.

to or greater than A times the stress components, o;; and
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-1710 By Formulae

CASE (continued)

N-284-4

(b) External Pressure
(1) No End Pressure (K = 0)

Application of certain thermal or mechanical loads may
result in high local discontinuity membrane stresses. To
assume that the maximum value of such localized stresses
act uniformly over the entire portion of the shell under
study will result in an overly conservative design. An ac-
ceptable alternative and conservative method of analysis
is to use the average values of the membrane stress com-
ponents within a meridional distance of /Rt from a point

of fixity or 0.5 \/Rt on each side of a discontinuity for de-
termination of o;. The average stress values are to be
used in calculating total stress components for perform-
ing the buckling analyses of -1713.

An acceptable alternative to the averaging method
would be to caculate the uniaxial theoretical buckling
stress values for the actual meridional stress distribution
by use of a computer program. These more accurate val-
ues of theoretical buckling stresses can then be used for
the buckling evaluation of -1713 in lieu of values calcu-
lated per -1712.

-1712 Theoretical Buckling Values

The buckling stresses given by the following equations
correspond to the minimum values determined from the-
oretical equations for shells with classical simple support
boundary conditions under uniform stress fields, Para-
graph -1712.1 gives equations for determining the‘classi-
cal buckling stresses of unstiffened shells or:the panels
between stiffeners of stiffened shells. Paragraph -1712.2
gives equations for determining the theoyetical stringer
buckling and general instability stresses for stiffened
shells.

Equations are presented for calédlating the theoretical
classical elastic bifurcation buckling values for the unique
loading cases of axial compréssion, radial pressure, hy-
drostatic pressure, and shear. In addition to their use in
predicting buckling(forthese conditions, the values are
also used in the interaction equations of -1713 for com-
bined loading eases. The subscripts r and h denote radial
and hydrostati¢ loading cases, respectively.

-1712.1, * Local Buckling.
£1712.1.1 Cylindrical Shells — Unstiffened and
Rihg/Stiffened (See Figure -1712.1.1-1).

(a) Axial Compression

Opel = C¢Et/R

OgeL = OreL, = CorEt/R

Cor = 1.616 ifMg < 1.5
241
Cor= —t—— 15 <My <30
o My 0338 ¢
Cor= 222 if3.0 < My < 1655
My - 117 ‘
3
Cor = 02755 + %[5] My > 1650
R Mg\t t

(2) End Pressure Included (K = 0:5)

t
Ogel = Ohel = ConE—

R
Cop = 0.988 ifMy < 15
1.08
Con= ——ood? if15 < My <35
Oh ME27 045 ¢
=22 if35 < my <1658
My - 0.636 t
3
G = 02755 + 2;}}(5] ifMy > 1655
R M¢ t t

(c) Shear

Opoel = CpoEt/R

C¢9 =2.227 ifMd) <15

2

Cpo = 4'—822(1 +0.0239M3)°  if15 < My < 26
Mg

0.746

Chp = ———
R

Cpp = 0253 L -
9002597

if26 < My < 8.69%

ifM¢ > 8.69%

-1712.1.2 Cylindrical Shells — Stringer Stiffened
or Ring and Stringer Stiffened.
(a) Axial Compression (See Figure -1712.1.1-1). The fol-
lowing equation applies when My < 2M 4; otherwise use
the equation given in-1712.1.1(a):

OpeL = CpEt/R
Cp = 1.666

Ch = 3;%2 +0.0253M} if15 < My < 3.46
¢

if Mg < 1.5

Cyp = 0.605 ifM¢, > 3.46

(b) External Pressure. The following equations apply

Cy = 0.630 ifMy < 1.5
094)04 ¢ when Mg < 1.15 /My ; otherwise use the equations given
. 2 .
C¢ = W + 0.1013M¢ if 1.5 < M¢ <173 in -171211(b)
P
C¢ =0.605 ifM¢ >1.73 nZ _ (HR/ZQ)Z
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Theoretical Local Buckling Stress Coefficients for Stiffened and Unstiffened Cylindrical Shells
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(1) No End Pressure (K = 0)

CASE (continued)

N-284-4

(b) External Pressure

Determine the value of n which minimizes g... in the

Ogel, =O0rel, = CorEt/R

o 1M#M%nﬁg+ ¢
or= "2 _ 1L 1092 \R e Mz)zkt

(2) End Pressure Included (K = 0.5)

Ogel, =OheL =ConEt/R

' (ﬁhﬂ—ﬁm% LY
n% + 052 - 1{ 1092 (R o2 +23)

Con = zkt

(c) Shear (See Figure -1712.1.2-1). The following equa-
tions apply when M < 26 and a /b < 3.0, where a = greater

of £4 and €4 and b = smaller of £ and £ and M = b//Rt;
otherwise use the equations given in -1712.1.1(c):

OpOel = C¢9Et/R

1 12 b 2
C¢0 =— 4.82(1 + 0.0239M3) + 3.62(—)
M a

-1712.1.3 Spherical Shells — Stiffened or Unstif-
fened.

(a) Equal Biaxial Compressive Stress. Equations arelthe
same as -1712.1.1(a).

Opel, = Opel, = C Et/R

€ =0.630 if Mo X5
C= 0'9(2)4 +0.1013M% if1.5 M < 1.73
M
C = 0.605 ifM > 1.73

(b) Unequal Biaxial Compreéssive Stress. Not used in in-
teraction relationships0f*+1713.

(c) Shear. When shear is present, the principal stresses
will be calculated and substituted for o4 and o4 in the
buckling equations.

-1712.34 Toroidal and Ellipsoidal Shells — Stif-
fened-or-Unstiffened. Toroidal and ellipsoidal shells shall
be/analyzed as equivalent spheres.

-1712.2  Stringer Buckling and General Instability.
-1712.2.1 Cylindrical Shells — Ring Stiffened.

(a) Axial Compression

2

A

equations which follow:
(1) No End Pressure (K = 0)
4

EX . Elgg(n® - 1)

[s(pRczt

OreG = 7
% - )t + 19

(2) End Pressure Included (K = 0.5)

Ex* , Flgar®= 1)

Esqu(,? t

OheG = 2
% +052% - )t + 19

(c) Shear

5

s
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