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FOREWORD"

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Vessel Committee was superseded by the following committees:

(a) Committee on Power Boilers (I)

(b) Committee on Materials (II)

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

(d) Committee on Heating Boilers (IV)

(e) Committee on Nondestructive Examination (V)

(f) Committee on Pressure Vessels (VIII)

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

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

(i) Committee on Nuclear Inservice Inspection (XI)

(j) Committee on Transport Tanks (XII)

(k) Committee on Overpressure Protection (XIII)

(1) Technical Oversight Management Committee (TOMC)

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

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

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

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

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

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

tion —and overpressure protection
T 1
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responsible for all technical assumptions inherent in the programs they use and the application of these programs to their
design.

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

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

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

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

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

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

- Shall is used to denote a requirement.

- Should is used to denote a recommendation.

- May is used to denote permission, neither a requiremént hor a recommendation.
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STATEMENT OF POLICY ON THE USE OF THE ASME SINGLE
CERTIFICATION MARK AND CODE AUTHORIZATION IN
ADVERTISING

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

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

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

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

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

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

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

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

General

ASME codes and standards are developed and maintained by committees with the intent to represent the consensus of
concerned interests. Users of ASME codes and standards may correspond with the committees to propose revisions or
cases, report errata, or request interpretations. Correspondence for this Section of the ASME Boiler and Ptessure 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 SectionTk,Part C for guidelines on
requesting approval of new welding and brazing materials (“consumables”).

Revisions and Errata

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

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

This Code is always open for comment, and the committee welcomes proposals for revisions. Such proposals should be
as specific as possible, citing the paragraph number, the propesed wording, and a detailed description of the reasons for
the proposal, including any pertinent background information and supporting documentation.

Cases

(a) The most common applications for, cases are
(1) to permit early implementatiop of a revision based on an urgent need
(2) to provide alternative requirements
(3) to allow users to gain experience with alternative or potential additional requirements prior to incorporation
directly into the Code
(4) to permit use of a néw 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 manufaeturers, constructors, or owners to choose any method of design or any form of construction that
conforms to the Code.
(c) The cominittee will consider proposed cases concerning the following topics only:
(1) equipment to be marked with the ASME Single Certification Mark, or
(2) 'equipment to be constructed as a repair/replacement activity under the requirements of Section XI
(d)(Aproposed case shall be written as a question and reply in the same format as existing cases. The proposal shall also
include the following information:
(1) a statement of need and background information
(2) the urgency of the case (e.g.,, the case concerns a project that is underway or imminent)
(3) the Code Section and the paragraph, figure, or table number to which the proposed case applies
(4) the editions of the Code to which the proposed case applies
(e) A case is effective for use when the public review process has been completed and it is approved by the cognizant
supervisory board. Cases that have been approved will appear in the next edition or supplement of the Code Cases books,
“Boilers and Pressure Vessels” or “Nuclear Components.” Each Code Cases book is updated with seven Supplements.
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Supplements will be sent or made available automatically to the purchasers of the Code Cases books until the next edition
of the Code. Annulments of Code Cases become effective six months after the first announcement of the annulment in a
Code Case Supplement or Edition of the appropriate Code Case book. The status of any case is available at
http://go.asme.org/BPVCCDatabase. An index of the complete list of Boiler and Pressure Vessel Code Cases and
Nuclear Code Cases is available at http://go.asme.org/BPVCC.

Interpretations

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

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

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

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

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

»u

certify,” “rate,” orfendorse” any item, construction, proprietary

Committee Meetings

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

xlv


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2025.pdf

SUMMARY OF CHANGES

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

Page
xvii

xviii

32
32
33
34
39
40

48

Location

List of Sections
Foreword
Personnel
KG-130
Table KG-141
Table KG-150
KG-300
KG-310
KG-311.7
KG-311.11
KG-311.14
KG-311.15
KG-323
KG-324
KG-324.1
KG-330
KG-412
KG-413.2
KG-420
KG-440
KG-613
KM-211.2
KM-211.3
KM-211.5
KM-212.2
Table KM-234.2(a)
KM-250

KM-254

KM-261

KM-270

Figure KM-270.1M
KM-400

Table KM-400-1

Table KM-400-1M

Change

Title of Section XI, Division 1 revised

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

Subparagraph (c) revised

Updated

Under “U.S. Customary Units,” all instances of “Ib” revised*to “Ibf”
Last sentence revised

First sentence revised

Subparagraph (c) revised

First paragraph revised

Endnote 1 and subpara. (b) revised
Subparagraphs (b) and (e) revised

First paragraph and subparass (f)\and (h) revised
Subparagraph (b) revised

Subparagraphs (b) and\ (e)/revised

Editorially revised

Revised

Revised

Subparagraphs (d) and (d)(2) revised

First paragraph and subpara. (1) revised

Revised

Subparagraph (b) revised

Subparagraph (b) revised

Added

Title revised

General Note revised

(1) First paragraph revised

(2) Second through fourth paragraphs designated (a) through (d) and
previously designated subparas. redesignated

First sentence revised

First paragraph revised

In subpara. (c), definition of P revised

Corrected by errata to the graphic displaying metric units
In subpara. (a), second paragraph revised

(1) Carbon steel, SA-354; 0.7Cr-1.5Si; 31/2Ni—11/2 Cr-l/z Mo—l/z Mn; and Notes
(25) and (26) added

(2) For 2Y,Cr-1Mo, reference to Note (15) added

(3) General Note (b) and Notes (3), (4), (8), (9), (11), (12), (14), (18), and (23)
revised

(1) Carbon steel, SA-354; 0.7Cr-1.5Si; 3%4Ni-1% Cr-% Mo-"% Mn; and Notes
(25) and (26) added

(2) For 2Y,Cr-1Mo, reference to Note (15) added

(3) General Note (b) and Notes (3), (4), (8), (9), (11), (12), (14), (18), and (23)
revised
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Page
57

62

67
69
71
72
74
82
84
89
89
93
95
96
112
116
135

135
136
136
138

138

139
137
137
144
169
169
170
170
188
190
191
192
192
193
193
193
204
205
205
205
212
212
213

Location
Table KM-400-2

Table KM-400-2M

Table KM-400-3
Table KM-400-3M
Table KM-400-4
Table KM-400-4M
KM-610

Article KM-8
KD-120

KD-221.1
KD-221.2

Table KD-230.4
KD-236

KD-240

Table KD-320.1
Table KD-320.1M
KD-401

KD-411
KD-420
KD-430
Table KD-430

Table KD-430M

Table KD-431
KD-450
KD-451
KD-620
KD-1043
KD-1045
KD-1048
KD-1049
KF-121.1
KE-211
KF-216
KF-222.1
KF-226
KF-233
KF-236
KF-238
KF-613.1
KF-615
KF-620
KF-630
KF-825.2
KF-825.3
KF-825.6

Change

(1) For 15Cr-5Ni-3Cu, SA-564 and SA-705, conditions H1150M and H1150,
Max. Design Temp. revised

(2) General Note and Notes (3), (5), (6), and (10) revised

(1) For 15Cr-5Ni-3Cu, SA-564 and SA-705, conditions H1150M and H1150,
Max. Design Temp. revised

(2) General Note and Notes (3), (5), (6), and (10) revised
General Note (b) revised

General Note (b) revised

In Note (2), metric units deleted

In Note (2), U.S. customary units deleted

First sentence editorially revised

Added

Subparagraph (c) revised

Definition of K, revised

Definition of K,,; revised

In General Note (c), definitions of K, aftd",; revised
Revised in its entirety

Subparagraphs (d) and (e) revised

In General Note (e)(4), secorid-equation for N revised
In General Note (e)(4), seeond equation for N revised
(1) In subpara. (a), lastsentence deleted

(2) Subparagraphy(d) deleted

Subparagraph¢(a) Tevised

Subparagraphs (a) and (b) revised

Subpardgraph (a) revised

(1)-Row for cast high strength alloy steels added
(2)-Note (1) revised

(1) Row for cast high strength alloy steels added

(2) Note (1) revised

Former Table D-500 redesignated and moved

Added

Added

Subparagraph (b) revised

Subparagraphs (a) and (d) revised

Subparagraph (d) deleted

Subparagraph designator (a) removed and subpara. (b) deleted
First sentence revised

In subpara. (b), first sentence revised

Second paragraph added

Revised

In sixth sentence, reference to Section IX revised
Subparagraph (b) revised

In subpara. (a), penultimate sentence revised

First sentence revised

Subparagraph (a) revised

Last sentence revised

Revised in its entirety

In subpara. (b), second sentence revised
Subparagraph (f) added

Subparagraph (a) revised

Subparagraphs (a) and (b) revised

Revised
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Page Location Change

213 KF-825.7 Subparagraph (a) revised
213 KF-825.8 First paragraph and subpara. (a) revised
217 KF-912 Second paragraph revised
220 KF-1130 Subparagraph (c) revised
221 KF-1160 Revised
224 KOP-100 (1) Subparagraph (a) revised
(2) Subparagraph (c) deleted and subsequent subparagraph redesignated
224 KOP-120 Subparagraphs (a), (c), and (e) revised
225 KOP-130 Subparagraph (a) revised
225 KOP-140 First sentence revised
225 KOP-151 Revised
225 KOP-153 In subpara. (a), reference to Section XIII, Part 4 revised toSection XIII, Part 3
226 KOP-156 Revised in its entirety
228 KOP-200 Revised
228 KOP-210 Subparagraph (b) revised and subpara. (h) added
230 KOP-300 First paragraph and subparas. (a) and (b)(4).revised
231 KE-105 Added
231 KE-106 Former KE-105 redesignated
232 KE-112.1 First paragraph revised
233 KE-114 Revised
233 KE-115 Cross-reference updated
234 KE-211 Subparagraphs (a)(3).and"(a)(4) revised
234 KE-212.1 Last sentence revised
234 KE-212.4 First sentencesrevised
235 KE-213 Subparagraphsv(b) and (c) revised
235 KE-221 Subpardgraph (c) revised
235 KE-230 Subparagraph (a) revised
235 KE-231 Subparagraph (c) revised
236 KE-233 Revised in its entirety
236 KE-233.1 Subparagraph (c) added and subsequent subparagraph redesignated
237 KE-241 Subparagraphs (b) and (c) revised
239 KE-251 Subparagraph (a) revised
239 KE-252 Subparagraph (c) revised
239 KE-263 First paragraph revised
240 KE-270 Added
241 KE-300 Subparagraphs (b), (c), (d), and (e) revised
241 KE-301 (1) Subparagraphs (c), (i)(2)(-a)(-2), and (i)(3)(-d) revised
(2) Subparagraph (i)(3)(-e) added
244 KE-302 Subparagraphs (b) and (e) revised
253 KE-310 First paragraph revised
254 KE-322 Last sentence revised
254 KE-324 Revised
254 KE-325 Revised
254 KE-333 First paragraph and subparas. (a) and (a)(3) revised
255 KE-334 Revised in its entirety
261 KT-304 Added
261 KT-305 Added
261 KT-311 Revised
262 KT-312.1 Definition of K,, revised
262 KT-312.2 Last paragraphs revised
262 KT-312.3 Subparagraph (b) revised

xlviii


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2025.pdf

Page Location Change

268 KS-140 Revised

269 KS-250 Subparagraph (b) revised

269 KS-260 Revised

270 KS-300 Subparagraph (a)(2)(-b) revised

270 KS-301 Subparagraph (a) revised

270 KS-302 Revised

271 KS-320 Subparagraphs (d)(6) and (d)(10) revised

272 1-100 Definitions of a, K,;, and K, revised

280 2-100 In second paragraph, first sentence revised

280 2-112 Second sentence revised

281 2-119 Second sentence revised

281 2-123 Subparagraph (d) revised

282 5-200 Subparagraph (c)(2) revised

297 9-400 Subparagraph (e) revised

299 Form K-1 On second page, “Certificate of Shop Inspéction” and “Certificate of Field
Assembly Inspection” revised

301 Form K-2 On second page, “Certificate of Shop-Ifispection” and “Certificate of Field
Assembly Inspection” revised

306 Form CRPV-1A On second page, “Certificate 6f-Shop Inspection” revised

310 Form CRPV-2A On second page, “Certification’ by Shop Inspector of Qualification ..” revised

313 Nonmandatory Appendix D Deleted

339 1-300 In first column ofiin-text table, all instances of “Ib” revised to “Ibf”
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CROSS-REFERENCING IN THE ASME BPVC

Paragraphs within the ASME BPVC may include subparagraph breakdowns, i.e., nested lists. The following is a guide ta.
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 designatorstunder which the breakdown
appears. The following examples show the format:

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

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

(3) 1If X.1(c)(1)(-a) is referenced in X.1(e)(1), it will be referenced as~(¢)(1)(-a).
(4) 1f X.1(c)(1)(-a) is referenced in X.2(c)(2), it will be referenced @sX.1(c)(1)(-a).
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ASME BPVC.VIIL3-2025

PART KG
GENERAL REQUIREMENTS

ARTICLE KG-1
SCOPE AND JURISDICTION

KG-100 SCOPE
KG-101 INTENT

The rules of this Division constitute requirements for
the design, construction, inspection, and overpressure
protection of metallic pressure vessels with design pres-
sures generally above 10 ksi (70 MPa). However, it is not
the intent of this Division to establish maximum pressure
limits for either Section VIII, Division 1 or 2, nor minimum
pressure limits for this Division. Specific pressure limita-
tions for vessels constructed to the rules of this Division
may be imposed elsewhere in this Division for various
types of fabrication. Whenever Construction appears in
this document, it may be considered an all-inclusive
term comprising materials, design, fabrication, examina-
tion, inspection, testing, certification, and pressure-relief.

KG-102 DESCRIPTION

Pressure vessels within the scope ©f'this Division are
pressure containers for the retainment of fluids, gaseous
or liquid, under pressure, eithernternal or external.

This pressure may be generated by

(a) an external source

(b) the application of heat from

(1) direct source
(2) indirect source
(c) a processredaction
(d) any combination thereof

KG-103-EAWS OR REGULATIONS

The-scope of this Division has been established to iden-
tify/components and parameters considered in formu-
lating the rules given in this Division. Laws or
regulations issued by municipal, state, provincial,
federal, or other enforcement or regulatory bodies
having jurisdiction at the location of an installation estab-
lish the mandatory applicability of the Code rules, in whole
or in part, within the jurisdiction. Those laws or regula-
tions may require the use of this Division for vessels or
components not considered to be within its scope. These

laws or regulations should bepeviewed to determine size
or service limitations of/the*coverage, which may be
different or more restrictivé than those of this Division.

KG-104 LOCATION

KG-104.1 Fixed Location. Except as provided in
KG-104.2, these rules cover vessels to be installed at a
fixed (stationary) location for a specific service where
operation’' and maintenance control are maintained in
conformance with the User's Design Specification and
records retained during the life of the vessel by the User.

KG-104.2 Mobile Vessels. These rules also apply to
pressure vessels that are relocated from work site to
work site between pressurizations, and where operation
and maintenance control are maintained in conformance
with the User's Design Specification and records retained
during the life of the vessel by the User.

KG-110 GEOMETRIC SCOPE OF THIS DIVISION

The scope of this Division includes only the vessel and
integral communicating chambers and shall include the
requirements specified in KG-111 through KG-117.

KG-111 EXTERNAL PIPING AND JACKETS

Where external piping is to be connected to the vessel
(see Article KD-6):

(a) the first threaded joint for screwed connections

(b) the face of the first flange for flanged connections

(c) the first sealing surface for proprietary connections
or fittings

(d) the welding end connection for the first circumfer-
ential joint for welded connections to external piping,
valves, instruments, and the like

(e) thewelding pad for attachment of an external jacket

KG-112 INTERNAL PRESSURE PIPING

Internal pressure piping, when failure of such piping
will affect the integrity of the pressure boundary.
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KG-113 NONPRESSURE PARTS

Nonpressure parts that are welded directly to the
internal or external surface of a pressure vessel. For
parts beyond this, and for stud-bolted attachments, see
Articles KD-6 and KD-7.

KG-114 COVERS AND CLOSURES

Pressure-retaining permanent covers or closures,
including seals and bolting, or other mechanical retainers,
used in service for vessel openings (see Article KD-6).

KG-115 INSTRUMENT CONNECTIONS

The first sealing surface for small proprietary fittings or
instrumentation, such as gages and instruments, for which
rules are not provided by this Division (see Article KD-6).

KG-116 OVERPRESSURE PROTECTION

Overpressure protection shall satisfy the requirements
of Part KOP.

KG-117 COMBINATION UNITS

When a pressure vessel unit consists of more than one
independent pressure chamber, only the parts of cham-
bers which are within the scope of this Division need to be
constructed in compliance with its provisions (see
Articles KD-1 and KG-3).

KG-120 CLASSIFICATIONS OUTSIDE THE
SCOPE OF THIS DIVISION

The following pressure-containing components\are not
included in the scope of this Division:

(a) vessels and components exclusively within the
scope of other Sections of the ASME Boiler and Pressure
Vessel Code

(b) fired process tubular heaters-and components (see
API STD 560 or I1SO 13705)

(c) pressure-containing equipment that is an integral
part or component of a rotating or reciprocating mechan-
ical device, such as

(1) pumps

(2) compressors

(3) turbines

(4) gehnerators

(5) ‘engines

(6) )hydraulic or pneumatic cylinders

where the primary design considerations and/or
stresses are derived from the functional requirements
of the device

(d) piping and piping components covered in the scope
of the ASME B31 Piping Codes

(e) components covered in the scope of other applica-
ble ASME Codes and Standards

KG-121 STAMPING OF PRESSURE-CONTAINING
COMPONENTS OUTSIDE THE SCOPE OF
THIS DIVISION

Any pressure-containing component, with the excep-
tion of components that follow the rules of KG-120(a),
which meets all applicable requirements of this Division
may be stamped with the Certification Mark with U3
Designator.

The Certification Mark is an ASME symbol identifying a
product as meeting Code requirements. The Designator is
a symbol used in conjunction with the Certification Mark
for the scope of activity described in a Manufacturer's
Certificate of Authorization.

KG-130 ASSEMBLY AND TESTING OF VESSELS
AT FIELD OR INTERMEDIATE SITES

Afield site is alocation offihal permanent installation of
the pressure equipment. An intermediate site is a
temporary locationnder the control of the Certificate
Holder. The location of an intermediate site is other
than that listed\on the Certificate of Authorization and
other than afield site. All Code activities may be performed
at intermediate or field sites by the Certificate Holder
provided they comply with all Code requirements, and
controlof those activities is described in the Certificate
Holder's Quality Control System. Assembly and testing
of vessels constructed to this Division at intermediate
or field sites shall be performed using one of the following
three alternatives:

(a) The Manufacturer ofthe vessel completes the vessel
in the field or at an intermediate site.

(b) The Manufacturer of parts of a vessel to be
completed in the field or at an intermediate site by
some other party stamps these parts in accordance
with Code rules and supplies the Manufacturer’s Data
Report Form K-2 to the other party. The other party,
who shall also hold a valid U3 Certificate of Authorization,
makes the final assembly, required nondestructive exam-
ination (NDE), and final pressure test; completes the
Manufacturer’s Data Report Form K-1; and stamps the
vessel. The Certificate of Authorization is a document
issued by the Society that authorizes the use of the
ASME Certification Mark and appropriate Designator
for a specified time and for a specified scope of activity.

(c) Code work at field or intermediate sites is
completed by a Certificate Holder of a valid U3 Certificate
of Authorization other than the Manufacturer. The Certi-
ficate Holder performing the work is required to supply a
Manufacturer’s Data Report Form K-2 covering the
portion of the work completed by the Certificate Holder's
organization (including data on the pressure test if
conducted by the Certificate Holder performing the field-
work) to the Manufacturer responsible for the Code vessel.
The Manufacturer applies the ASME Certification Mark

(25)

with 113 Designator in the presence of a representative
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from the Manufacturer's Inspection Agency and completes
the Manufacturer’s Data Report Form K-1 with the
Inspector.

In all three alternatives, the party completing and
signing the Manufacturer’s Data Report Form K-1
assumes full Code responsibility for the vessel. In all
three cases, each Manufacturer’s Quality Control
System shall describe the controls to assure compliance
for each Certificate holder.

KG-140 STANDARDS REFERENCED BY THIS
DIVISION

KG-141 SECTIONS OF THE ASME CODE

(a) Sections of the ASME Boiler and Pressure Vessel
Code referenced in this Division are
e Section I, Rules for Construction of Power Boilers
e Section II, Materials
- Part A — Ferrous Material Specifications
- Part B — Nonferrous Material Specifications
- Part C — Specifications for Welding Rods, Elec-
trodes, and Filler Metals
- Part D — Properties
e Section V, Nondestructive Examination
e Section VIII, Division 1, Rules for Construction of
Pressure Vessels
e Section VIII, Division 2, Alternative Rules for
Construction of Pressure Vessels
¢ Section IX, Welding, Brazing, and Fusing Qualifica-
tions
e Section X, Fiber-Reinforced Plastic{Pressure
Vessels
e Section XIII, Rules for Overpressuré.Protection
(b) Throughout this Division references are made to
various standards, such as ASME standards, that cover
pressure-temperature rating, dimmensional, or procedural
standards for pressure vessel.parts. Specific editions of
standards referenced in.this Division are shown in
Table KG-141.

KG-142 STANDARD PARTS

Standard pressure parts which comply with an ASME
product standard shall be made of materials permitted by
this Division (see Part KM).

KG-150 UNITS OF MEASUREMENT

(a) Either U.S. Customary, SI, or any local customary
units may be used to demonstrate compliance with re-
quirements of this edition related to materials, fabrication,
examination, inspection, testing, certification, and over-
pressure protection.

(b) A single system of units shall be used for all aspects
of design except where otherwise permitted by this Divi-
sion. When components are manufactured at different

locations where local customary units are different
than those used for the general design, the local units
may be used for the design and documentation of that
component, within the limitations given in (c). Similarly,
for proprietary components or those uniquely associated
with a system of units different than that used for the
general design, the alternate units may be used for thé
design and documentation of that component, within
the limitations given in (c).

(c) For any single equation, all variables(shall be
expressed in a single system of units. €alculations
using any material data published in this’ Division or
Section 1], Part D (e.g., allowable stressés; physical proper-
ties, external pressure design factor B, etc.) shall be carried
out in one of the standard units;given in Table KG-150.
When separate equations arerovided for U.S. Customary
and SI units, those equatioris must be executed using vari-
ables in the units assoeiated with the specific equation.
Data expressed in_other units shall be converted to
U.S. Customary ot Sl units for use in these equations.
The result obtained from execution of these equations
or any other ealculations carried out in either U.S.
Customary-0r SI units may be converted to other units.

(d) Rroduction, measurement, and test equipment,
drawings, welding procedure specifications, welding
pfocedure and performance qualifications, and other
fabrication documents may be in U.S. Customary, SI, or
local customary units in accordance with the fabricator’s
practice. When values shown in calculations and analysis,
fabrication documents, or measurement and test equip-
ment are in different units, any conversions necessary for
verification of Code compliance and to ensure that dimen-
sional consistency is maintained shall be in accordance
with the following:

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

(2) The results of conversions of units shall be
expressed to a minimum of three significant figures.

(e) Conversion of units, using the precision specified
previously, shall be performed to ensure that dimensional
consistency is maintained. Conversion factors between
U.S. Customary and SI units may be found in the
Nonmandatory Appendix I, Guidance for the Use of U.S.
Customary and SI Units, in the ASME Boiler and Pressure
Vessel Code. Whenever local customary units are used, the
Manufacturer shall provide the source of the conversion
factors which shall be subject to verification and accep-
tance by the Authorized Inspector.

(f) Dimensions shown in the text, tables, and figures,
whether given as a decimal or a fraction, may be taken
as a decimal or a fraction and do not imply any manufac-
turing precision or tolerance on the dimension.

(g) Material that has been manufactured and certified
to either the U.S. Customary or SI material specification
(e.g., SA-516M) may be used regardless of the unit system
used in design. Standard fittings (e.g., flanges and elbows)
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thathave been certified to either U.S. Customary or Sl units
may be used regardless of the equations or any other
calculations carried out in either U.S. Customary or SI
units system used in design.

(h) All entries on a Manufacturer’s Data Report and
data for Code-required nameplate marking shall be in
units consistent with the fabrication drawings for the
component using U.S. Customary, SI, or local customary
units. Units may be shown parenthetically (either primary
or alternative). Users of this Code are cautioned that the
receiving jurisdiction should be contacted to ensure the
units are acceptable.

KG-160 TOLERANCES

The Code does not fully address tolerances. When
dimensions, sizes, or other parameters are not specified
with tolerances, the values of these parameters are consid-
ered nominal and allowable tolerances or local variances
may be considered acceptable when based on engineering
judgment and standard practices as determined by the
designer.
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Table KG-141

Referenced Standards in This Division and Year of Acceptable Edition (25)
Title Number Year

Fitness-For-Service API 579-1/ASME FFS-1 2021
Steels for Hydrogen Service at Elevated Temperatures and Pressures in Petroleum Refineriesand API RP 941 2016,

Chemical Plants Addendum 1:

2020

Fired Heaters for General Refinery Service API Standard 560 Latest Edition
Minimum Design Loads for Buildings and Other Structures ASCE/SEI 7 2022
Unified Inch Screw Threads (UN and UNR Thread Form) ASME B1.1 Latést edition
Pipe Flanges and Flanged Fittings, NPS % Through NPS 24 Metric/Inch Standard ASME B16.5 2025 [Note (2)]
Nuts for General Applications: Machine Screw Nuts, Hex, Square, Hex Flange, and Coupling Nuts ASME B18.2.2 Latest edition

(Inch Series)
Metric Fasteners for Use in Structural Applications
Process Piping
Surface Texture (Surface Roughness, Waviness and Lay)
Conformity Assessment Requirements
Inspection Planning Using Risk-Based Methods

Qualifications for Authorized Inspection

Standard Test Method for Apparent Hoop Tensile Strength of Plastic or Reinforced Plastic\Pipe
Standard Test Methods for Tension Testing of Metallic Materials
Standard Test Methods for Notched Bar Impact Testing of Metallic Materials

Standard Hardness Conversion Tables for Metals Relationship Among Brinell’'Hardness, Vickers
Hardness, Rockwell Hardness, Superficial Hardness, Knoop Hardness, andSeleroscope Hardness

Standard Method for Linear-Elastic Plane-Strain Fracture Toughness of Metallic Materials

Standard Test Methods for Tension Testing Wrought and Cast Aluminum- and Magnesium-Alloy
Products

Standard Test Method for Measurement of Fatigue Crack Growth Rates
Standard Practices for Cycle Counting in Fatigue Analysis

Standard Test Method for Determining Threshold Stress, Intensity Factor for Environment-
Assisted Cracking of Metallic Materials

Standard Test Method for Measurement of Fracture Toughness
Standard Terminology Relating to Fatigue and.Fracture Testing

Standard Test Method for Determination 6f Reference Temperature, T,, for Ferritic Steels in the
Transition Range

Marking and Labeling Systems
Guide to Methods for Assessing‘the Acceptability of Flaws in Metallic Structures
Standard for Compressed Gas Cylinder Valve Outlet and Inlet Connections

Gas cylinders — 17E and 25E taper threads for connection of valves to gas cylinders — Part 1:
Specifications

Petroleum, petrochemical and natural gas industries — Fired heaters for general refinery service

ASME B18.2.6M
ASME B31.3
ASME B461
ASME\CA-1
ASME PCC-3
ASME QAI-1

ASTM D2290
ASTM E8
ASTM E23
ASTM E140

ASTM E399
ASTM B557

ASTM E647
ASTM E1049
ASTM E1681

ASTM E1820
ASTM E1823
ASTM E1921

ANSI/UL-969
BS-7910
CGA V-1
ISO 11363-1

ISO 13705

Latest edition
Latest edition
Latest edition
Latest edition
Latest edition

Latest edition
[Note (1)]

2019a
Latest edition
Latest edition

Latest edition

2023
Latest Edition

2024
Latest edition
2023¢1l

2024
2024a

Latest edition

Latest edition
2019
2021
2018

Latest edition

GENERAL NQTE: For product standards, pressure-temperature ratings and cyclic analysis may limit application (see Part KD).

NOTES:
(1) See KG-411.

(2)" The use of a flange or flanged fitting that relies on and meets the requirements of a B16 Case is not permitted.
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Table KG-150

Standard Units for Use in Equations

U.S. Customary Units

SI Units

Quantity
Linear dimensions (e.g., length, height, thickness, radius, diameter)
Area
Volume

Section modulus

Moment of inertia of section

Mass (weight)

Force (load)

Bending moment

Pressure, stress, stress intensity, and modulus of elasticity
Energy (e.g., Charpy impact values)
Temperature

Absolute temperature

Fracture toughness

Angle

Boiler capacity

inches (in.)

square inches (in.%)

cubic inches (in.%)

cubic inches (in.%)

inches* (in.%)

pounds mass (Ibm)

pounds force (1bf)
inch-pounds (in.-1bf)

pounds per square inch (psi)
foot-pounds (ft-1bf)

degrees Fahrenheit (°F)
Rankine (°R)

ksi square root inches (ksiv/in. )
degrees or radians

Btu/hr

millimeters (mm)

square millimeters (mm?)
cubic millimeters (mm?)
cubic millimeters (mm?)
millimeters* (mm®*)
kilograms (kg)

newtons (N)
newton-millimeters (N-mm)
megapascals (MPa)

joules (])

degrees €elsius (°C)

kelvin (K)

MRadsquare root meters (MPavm )
degrees or radians

watts (W)
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ARTICLE KG-2
ORGANIZATION OF THIS DIVISION

KG-200 ORGANIZATION
KG-210 PARTS OF THIS DIVISION

This Division is divided into eight parts.

(a) Part KG contains the scope of the Division, estab-
lishes the extent of its coverage, and sets forth the respon-
sibilities of the User and Manufacturer and the duties of
the Inspectors of vessels constructed under these rules.

(b) Part KM contains

(1) the materials which may be utilized

(2) the permissible material specification identifica-
tion numbers, special requirements, and limitations

(3) mechanical and physical properties upon which
the design is based, and other necessary information
concerning material properties (see Section II, Part D)

(c) Part KD contains requirements for the design of
vessels and vessel parts.

(d) PartKF contains requirements for the fabricationef
vessels and vessel parts.

(e) Part KOP contains rules for overpressure protec-
tion.

(f) Part KE contains requirements for nofdestructive
examination and repair of materials, vessels,’and vessel
parts.

(g) Part KT contains testing requirements and proce-
dures.

(h) Part KS contains requirements for stamping and
certifying vessels and vesselparts. It also gives require-
ments for Manufacturer’s.Data Reports and Records to be
furnished to the User,

KG-220 APPENDICES

KG-221 Mandatory. The Mandatory Appendices
address specific subjects not covered elsewhere in this
Division:\Their requirements are mandatory when appli-
cable.

KG-222 Nonmandatory. The Nonmandatory Appen-
dices provide information and suggested good practices.

KG-230 ARTICLES AND PARAGRAPHS

KG-231 Articles. The main divisions-efthe Parts of this
Division are designated Articles. These are given numbers
and titles such as Article KG-1, Scope and Jurisdiction.

KG-232 Paragraphs and Sabparagraphs. The Articles
are divided into paragraphs,and subparagraphs which are
given three-digit numbers,the first of which corresponds
to the Article numbef~Each such paragraph or subpara-
graph number is prefixed with letters which, with the first
digit (hundreds),indicate the Part and Article of this Divi-
sionin which'itisfound, such as KD-140, which is a subpar-
agraph of*KD-100 in Article KD-1 of Part KD.

(a) Major subdivisions of paragraphs or subpara-
graphsiare indicated by the basic paragraph number
followed by a decimal point and one or two digits.
Each of these subdivisions are titled and appear in the
table of contents.

(b) Minor subdivisions of paragraphs are designated
(a), (b), etc.

(c) Where further subdivisions are needed, they
are designated by numbers in parentheses [e.g.,
KG-311.8(b)(1)].

KG-240 REFERENCES

When a Part, Article, or paragraph is referenced in this
Division, the reference shall be taken to include all subdi-
visions under that Part, Article, or paragraph, including
subparagraphs.

KG-250 TERMS AND DEFINITIONS

Terms and symbols used in this Division are defined in
the various Parts, Articles, or paragraphs where they first
apply orare of primary interest. A list of symbolsis given in
Mandatory Appendix 1.
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ARTICLE KG-3
RESPONSIBILITIES AND DUTIES

KG-300 GENERAL

The User, Manufacturer, and Inspector involved in the
production and certification of vessels according to this
Division have definite responsibilities and duties in
meeting the requirements of this Division. The responsi-
bilities and duties set forth in the following relate only to
compliance with this Division, and are not to be construed
as involving contractual relations or legal liabilities.
Whenever User appears in this document, it may be
considered to apply also to an agent (e.g., designee or
licensor) acting on the User's behalf.

KG-310 USER’S RESPONSIBILITY

It is the responsibility of the User or an agent acting on
behalf of the User to provide a User's Design Specification
for each pressure vessel to be constructed in accordance
with this Division. The User's Design Specification shall
contain sufficient detail to provide a complete basis for
design and construction in accordance with this Divisioh.
It is the User's responsibility to specify, or cause to ‘be
specified, the effective Code Edition to be used for
construction.

A single User's Design Specification may beprepared to
support the design of more than one pressurevessel when
all details of the construction are identieal for each pres-
sure vessel. The installation location for all vessels
supported by a single User's Desigh Specification shall
be defined in sufficient detail syeh that any jurisdictional,
technical, and environmentakrequirements for the vessel
are defined. The User's Design Specification shall include
the most conservative(state jurisdictional, technical, and
environmental requigements to be considered during the
design.

(a) The desighated agent may be

(1) a-design agency specifically engaged by the User

(2) the Manufacturer of a system for a specific
seryice-that includes a pressure vessel as a component
that-is purchased by the User, or

(3) an organization that offers pressure vessels for
sale or lease for specific services

(b) The User may select more than one designated
agent to obtain the most experience-based advice in
several areas of expertise when needed (e.g., design,
metallurgy, fabrication, pressure relief).

(c) A designated agent may be self-appointedas’such
by accepting certain responsibilities of a designdtéd agent,
as in the case of vessels designed, manufactured (built) for
stock, and intended for operation in a spécific application.

(d) The Design Specification shall~contain sufficient
detail to provide a complete basis)for Division 3 design
and construction. Such requirements shall not result in
design or construction that'fails to conform with the
rules of this Division.

(e) Multiple Duplicate\A'single User’s Design Specifica-
tion may be prepared-to support the design of more than
one pressure vesselthat is to be located in a single, specific
jurisdiction, provided that the environmental require-
ments and (urisdictional regulatory authority applied
for each-installation location are clearly specified and
are the-Same or more conservative than required.

KG=311 USER’S DESIGN SPECIFICATION

The User’s Design Specification shall include the speci-
fications described in KG-311.1 through KG-311.15

KG-311.1 Vessel Identification.

(a) unique vessel serial number. However, the User
may specify that the unique vessel serial number may
be assigned by the Manufacturer for each vessel.

(b) name, function, purpose

(c) service fluid

KG-311.2 Vessel Configuration.

(a) shape

(b) vertical or horizontal

(c) nominal size or volume capacity

(d) supportmethod and location, including the founda-
tion type and allowable loading, if applicable (see KD-110
and Article KD-7). When the support method is unknown
at the time of vessel manufacture, the User's Design Spec-
ification shall state that the Manufacturer is not respon-
sible for the design of any supports or attachments not
welded to the vessel (see Article KD-7) and that the
User assumes the responsibility.

(e) construction type

(f) functions and boundaries of the items covered in
KG-110

(g) items furnished by Manufacturer

(h) items furnished by User
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KG-311.3 Controlling Dimensions.

(a) outline drawings
(b) openings, connections, closures
(1) quantity of each
(2) type and size
(3) purpose
(4) location, elevation, and orientation

KG-311.4 Design Criteria.

(a) Design Pressure. Design pressure is the pressure at
the top of the vessel and which, together with the appli-
cable coincident (metal) temperature, is stamped on the
nameplate. The pressure at the top of the vessel is also the
basis for the pressure setting of the pressure relief devices
protecting the vessel.

(b) Design Temperature. The maximum mean metal
temperature specified by the User, at design pressure.
See KD-112. This is the design temperature that is to
be stamped on the vessel.

(c) More than one combination of design pressure and
temperature may be specified.

(d) Minimum Design Metal Temperature (MDMT). The
MDMT is the lowest temperature to which the vessel will
be exposed when the primary stresses at any location in
the vessel are greater than 6 ksi (40 MPa)(see KM-234).
This temperature shall be determined considering the
lowest process temperature to which the vessel will
normally be exposed in service, including process
upsets, dumps, jet impingement, etc. Also, see KD-$12
and KD-113.

(e) Thermal gradients across the vessel sections.

KG-311.5 Operating Conditions.

(a) operating pressure at coincident fluid temperature.
The operating pressure is the maximum.sustained process
pressure that is expected in servieeiThe operating pres-
sure shall not exceed the design,préssure. This pressure is
expressed as a positive value, and may be internal or
external to the vessel.

(b) upset and other(combinations of operating pres-
sures and coincident fluid temperature in sufficient
detail to constitute.an adequate basis for selecting mate-
rials

(c) proposed methods of heating and cooling, as well as
those upset conditions that could lead to rapid heating or
cooling-ef the vessel surfaces

{d)cyclic operating data and conditions

KG-311.6 Contained Fluid Data.

(a) phase (liquid, gaseous, dual)

(b) density

(c) unusual thermodynamic properties

(d) inlet and outlet fluid temperatures

(e) flow rates

(f) jet impingement streams

(g) statement if noxious, hazardous, or flammable

KG-311.7 Materials Selection.

(a) appropriate materials for resistance to process
corrosion (specific or generic).

(b) corrosion/erosion allowance.

(c) any information relating to possible deterioration
of the selected construction materials due to environ=
mental exposure. Examples of such concerns may-be
found in, but are not limited to, Section II, Part D, Non-
mandatory Appendix A.

(d) if materials of construction include steels with a
minimum specified yield strength greateg-than 120 ksi
(827 MPa), state whether the materialZwhen loaded,
will be in contact with water or an aqueous environment
at any time.

When additional requiremerits are appropriate for the
intended service, see KG-311¢1.2.

KG-311.8 Loadings.

(a) The User shall:specify all expected combinations of
coincident loading ‘eonditions as listed in KD-110. These
shall include reaetion load vectors.

(b) This loading data may be established by

(1)~calculation

(2)-experimental methods

(3) actual measurement for similar conditions
(4) computer analysis

(5) published data

(c) For mobile vessels, loading conditions imposed by
handling, transportation, or motion of the structure to
which the vessel is fastened, including credible accidental
loadings, shall be considered according to Article KD-1.

KG-311.9 Useful Operating Life Expected. State years,
cycles, or both. Itis permissible to state that the life is to be
determined analytically during design.

KG-311.10 Fatigue Analysis.

(a) Fatigue analysis is mandatory for Division 3 vessels.
It is the User’s responsibility to provide, or cause to be
provided, information in sufficient detail so an analysis
for cyclic operation can be carried out in accordance
with Articles KD-3 and KD-4.

(b) The User shall state if leak-before-burst can be
established based on documented experience with
similar designs, size, material properties, and operating
conditions (see KD-141) or if leak-before-burst is to be
established analytically. The number of design cycles
shall be calculated by Article KD-4 if leak-before-burst
cannot be established.

(c) The User shall state whether through-thickness
leaks can be tolerated as a failure mode for protective
liners and inner layers. See KD-103, KD-810(f), and
KD-931.

KG-311.11 Overpressure Protection. The User or the
User's designated agent shall be responsible for the
design, construction, and installation of the overpressure



https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2025.pdf

ASME BPVC.VIILL3-2025

protection system. This system shall meet the require-
ments of Part KOP. Calculations, test reports, and all
other information used to justify the size, location, connec-
tion details, and flow capacity for the overpressure protec-
tion system shall be documented in the User Design
Specification (see KOP-120). For a vessel built for
stock by a Manufacturer, the Manufacturer shall fulfill
all User's responsibilities as the User's designated
agent in preparing the User's Design Specification's over-
pressure protection requirement. The only exception is
that the Manufacturer shall not be required to document
the relief system, if the relief system is provided by other
than the vessel Manufacturer. The User's Design Specifi-
cation shall state that the relief system is to be determined
by others and state that the requirements of Part KOP are
to be met prior to installation.

For vessels using power-actuated pressure relief
systems following the rules of Article KOP-2, the User's
Design Specification shall follow the requirements of
KOP-201.

KG-311.12 Additional Requirements. The User shall
state in the User’s Design Specification what additional
requirements are appropriate for the intended vessel
service (see Part KE).

(a) For those services in which laminar discontinuities
may be harmful, additional examination of materials prior
to fabrication shall be specified by the User; for example,
ultrasonic examination of plate in Section V, SA-435 and
forgings in Section V, SA-388.

(b) State additional requirements such as nondestruc<
tive examinations, restricted chemistry, or heat treat-
ments.

(c) The User shall state any nonmandatory 6r optional
requirements of this Division that are considered to be
mandatory for this vessel.

(d) The User shall state whether US.%Customary or SI
units are to be used in all certified doecuments, and on all
marking and stamping required by-this Division. The User
shall also state if duplicate nameplates and certified docu-
ments in a second language@re required, and if there are
any other special requigements for markings and their
locations. See also KG:150 and KS-130.

(e) The User shall state requirements for seals and
bolting for closures and covers (see KD-660).

(f) Specifictadditional requirements relating to pres-
sure testing-shall be listed in the User’s Design Specifica-
tion, such-as

(1)’ fluid and temperature range

(2) position of vessel

(3) location, Manufacturer’s facility or on-site
(4) cleaning and drying

(g) The User shall state in the User’s Design Specifica-
tion what construction reports, records, or certifications,
in addition to those listed in KS-320, the Manufacturer is
required to provide to the User.

(h) See below.

(1) The User shall state in the User’s Design Speci-
fication when the special requirements of Article KD-10
for vessels in high pressure hydrogen service shall be met.

(2) The User shall ensure that the requirements of
KD-1001 are met.

(i) The User shall state considerations for limiting the
potential for unsatisfactory performance when subjected
to service or test loads, if applicable. Examples of such
considerations may be found in, but are not limited‘to,
KD-231.2(b).

KG-311.13 Installation Site.

(a) location
(b) jurisdictional authority (the Usér shall state the
name and address of the jurisdictional authority that
has jurisdiction at the site of installation of the vessel,
and state any additional requirements or restrictions
of that authority that pertain te'the design, construction,
or registration of this vesseél). When preparing a User's
Design Specification for\a vessel design intended to be
acceptable in multiple jurisdictions, the design shall be
based on the most eonservative requirements, including
all technical, environmental, and jurisdictional require-
ments. The (following information shall be provided:
(1)~a-listing of all jurisdictions considered in the
design
(2) the governing parameters for all design inputs
baséd on the stated installation locations
(c) environmental conditions

KG-311.14 Certification of User’s Design Specifica-
tion. One or a combination of methods shown below
shall be used to certify the User’s Design Specification.

(a) One or more Professional Engineers," registered in
one or more of the states of the United States of America or
the provinces of Canada and experienced in pressure
vessel design, shall certify that the User’s Design Specifi-
cation meets the requirements in KG-311, and shall apply
the Professional Engineer seal in accordance with the
required procedures. In addition, the Registered Profes-
sional Engineer(s) shall prepare a statement to be affixed
to the document attesting to compliance with the appli-
cable requirements of the Code; see KG-311.15(e). This
Professional Engineer shall be other than the Professional
Engineer who certifies the Manufacturer’s Design Report,
although both may be employed by or affiliated with the
same organization.

(b) One or more individual(s) in responsible charge of
the specification of the vessel and the required design
conditions shall certify that the User’s Design Specification
meets the requirements in KG-311. Such certification
requires the signature(s) of one or more Engineers
with requisite technical and legal stature, and jurisdic-
tional authority needed for such a document. One or
more individuals shall sign the documentation based
on the information reviewed, and the knowledge and
belief that the objectives of this Division have been

10
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Form KG-311.15
Typical Certification of Compliance of the User’s Design Specification

Vessel Code,

CERTIFICATION OF COMPLIANCE OF
THE USER’S DESIGN SPECIFICATION

|1 (We), the undersigned, being experienced and competent in the applicable field of design
related to pressure vessel requirements relative to this User’s Design Specification, certify that
to the best of my knowledge and belief it is correct and complete with respect to the Design
and Service Conditions given and provides a complete basis for construction in accordance
with KG-311 and other applicable requirements of the ASME Section VIII, Division 3 Pressure
Edition and Code Cases(s)
certification is made on behalf of the organization that will operate these vessels.

. This

company name

Certified by:

Title and areas of responsibility:

Date:

Certified by:

Title and areas of responsibility:

Date:

Professional Engineer Seal:

as required

Date:

satisfied. In addition, these individuals shall prepare a
statement to be affixed to the.do€ument attesting to
compliance with the applicable'requirements of the
Code; see KG-311.15(e).

KG-311.15 Requirements for Engineers Who Sign and
Certify a User’s Design Specification. Any Engineer who
signs and certifies aUser’s Design Specification shall meet
one of the criteriashown in (a), (b), or (c) below and shall
comply with.the requirements of (d) and (e) below.

(a) A Registered Professional Engineer who is regis-
tered in phe or more of the states of the United States
of America or the provinces of Canada and experienced
in_pressure vessel design.

(b) An Engineer experienced in pressure vessel design
who meets all required qualifications to perform engi-
neering work and any supplemental requirements stipu-
lated by the user and the licensing or registering
authorities. The Engineer shall identify the location
and the licensing or registering authorities under
which the Engineer has received the authority to
perform engineering work.

(c) An Engineer experienced in pressure vessel design
who meets all required qualifications to perform engi-
neering work and any supplemental requirements stipu-
lated by the user. The Engineer shall be registered in the
International Register of Professional Engineers of the
Engineers Mobility Forum.

(d) The Engineer certifying the User’s Design Specifi-
cation shall comply with the requirements of the location
to practice engineering where that Specification is
prepared unless the jurisdiction where the vessel will
be installed has different certification requirements.

(e) When more than one Engineer certifies and signs
the User’s Design Specification, the area of expertise shall
be noted next to the signature of each Engineer under
“areas of responsibilities” (e.g., design, metallurgy, pres-
sure relief, fabrication, etc.). In addition, one of the Engi-
neers signing the User’s Design Specification shall certify
that all elements required by this Division are included in
the Specification.

(f) An example of a typical User’s Design Specification
Certification Form is shown in Form KG-311.15.

11
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KG-311.16 Additional User's Design Specification Re-
quirements for Composite Reinforced Pressure Vessels
(CRPV). The User shall state in the User’s Design Speci-
fication any provisions required for protection of the
structural laminate layer from damage due to impact,
ultraviolet radiation, or other environmental exposure;
fire or abrasive conditions; and inservice degradation
of the laminate for the life of the CRPV under the
service conditions specified shall be stated in the
User’s Design Specification (see KG-522).

KG-320 MANUFACTURER’S RESPONSIBILITY

KG-321 STRUCTURAL AND PRESSURE-RETAINING
INTEGRITY

The Manufacturer is responsible for the structural and
pressure-retaining integrity of a vessel or part thereof, as
established by conformance with all rules of this Division
which are required to meet the conditions in the User’s
Design Specification and shown in the Manufacturer’s
Design Report.

KG-322 CODE COMPLIANCE

(a) The Manufacturer completing any vessel or part to
be marked with the Certification Mark with U3 Designator
or Certification Mark with the word “PART” (see KS-120)
in accordance with this Division has the responsibility to
comply with all the applicable requirements of this Divi-
sion and, through proper certification, to ensure that any
work done by others also complies with all requiremefts
of this Division.

(b) The Manufacturer shall certify complidnce with
these requirements by the completion of thelappropriate
Manufacturer’s Data Report, as described:in*KS-300.

KG-323 MANUFACTURER’S DESIGN REPORT

As part of the Manufacturer's résponsibility, the Manu-
facturer shall provide a Manufagturer’s Design Report that
includes

(a) design calculations and analysis that establish that
the design as shown en’the drawings, including as-built
changes, complies with the requirements of this Division
for the design ¢onditions that have been specified in the
User’s Design Specification.

(b) final and as-built drawings.

(c) ra single Manufacturer's Design Report may be
completed and certified to document more than one pres-
stire Vessel when all details of construction are identical
for each pressure vessel. The location of installation shall
be a single, specific jurisdiction, provided that all technical
requirements of the User's Design Specification are iden-
tical. When preparing a Manufacturer's Design Report for
avessel design intended to be acceptable in multiple juris-
dictions, the design shall be based on the most conserva-
tive requirements, including all technical, environmental,

and jurisdictional requirements. The following informa-
tion shall be provided:

(1) a listing of all jurisdictions considered in the
design

(2) the governing parameters for all design inputs
based on the stated installation locations

A separate Manufacturer's Data Report shall be issued
for each vessel.

(d) the results of the fatigue analysis according-te
Articles KD-3 and KD-4, and KD-1260, if applicablé€,

(e) documentation of the consideration of the effects of
heating, or heat treatments during manufacturing, and
similarly, the maximum metal temperature-$pecified, to
show that the material properties or prestress used in
the design are not adversely affected (see Parts KD
and KF).

(f) statement of any openings for which the Manufac-
turer has not installed closures\Such as the service cover,
or closure or other connéetions.

(g) the limiting thetmial gradients across the vessel
section.

(h) all design infermation required for the User or the
User's designated agent to design the vessel's support to
meet the requirements of Article KD-7, when the support
methodiSunknown at the time of vessel manufacture. This
may ificlude as a minimum

(1) vessel weight
(2) vessel loading considered in design
(3) vessel natural frequency

(i) Certification of the Design Report as provided in
KG-324, which shall not relieve the Manufacturer of
the responsibility for the structural integrity of the
completed item for the conditions stated in the User’s
Design Specification.

KG-324 CERTIFICATION OF MANUFACTURER’S
DESIGN REPORT

One or a combination of methods shown below shall be
used to certify the Manufacturer’s Design Report.

(a) One of more Professional Engineers," registered in
one or more of the states of the United States of America or
the provinces of Canada and experienced in pressure
vessel design, shall certify the Manufacturer’s Design
Report meets the requirements in KG-323. The Registered
Professional Engineer(s) shall apply the Professional
Engineer seal in accordance with the required procedures.
In addition, the Registered Professional Engineer(s) shall
prepare a statement to be affixed to the document
attesting to compliance with the applicable requirements
of the Code; see KG-324.1(h). This Professional Engineer
shall be other than the Professional Engineer who certifies
the User’s Design Specification, although both may be
employed by or affiliated with the same organization.

(b) One or more individual(s), experienced in pressure
vessel design shall certify that the Manufacturer’s Design
Report meets the requirements in KG-323. Such

(25)
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certification requires the signature(s) of one or more Engi-
neers with requisite technical and legal stature, and corpo-
rate authority needed for such a document. These
responsible individuals shall sign the documentation
based on the information reviewed, and the knowledge
and belief that the objectives of this Division have
been satisfied. In addition, these individuals shall
prepare a statement to be affixed to the document
attesting to compliance with the applicable requirements
of the Code; see KG-324.1(i).

KG-324.1 Requirements for Signing and Certifying a
Manufacturer’s Design Report. Any Engineer who signs
and certifies a Manufacturer’s Design Report shall meet
one of the criteria shown in (a), (b), or (c) below and shall
comply with the requirements of (d), (e), and (f) below.

(a) A Registered Professional Engineer who is regis-
tered in one or more of the states of the United States
of America or the provinces of Canada and experienced
in pressure vessel design.

(b) An Engineer experienced in pressure vessel design
who meets all required qualifications to perform engi-
neering work and any supplemental requirements stipu-
lated by the user. The Engineer shall identify the location
and the licensing or registering authorities under which
the Engineer has received the authority to perform engi-
neering work stipulated by the user in the Design Spec-
ification.

(c) An Engineer experienced in pressure vessel design
who meets all required qualifications to perform engi-
neering work and any supplemental requirements Stipu-
lated by the user. The Engineer shall be registered-in the
International Register of Professional Engifieers of the
Engineers Mobility Forum.

(d) The Engineer certifying the Manufacturer’s Design
Report shall comply with the requiremerits of the location
to practice engineering where thatReport is prepared
unless the jurisdiction where thewessel will be installed
has different certification requirements.

(e) When more than one Engineer certifies and signs
the Manufacturer’s Design Report, the area of expertise
shall be noted next to the signature of each Engineer

under “areas of responsibilities” (e.g., design, metallurgy,
pressure relief, fabrication, etc.). In addition, one of the
Engineers signing the Manufacturer’s Design Report
shall certify that all elements required by this Division
are included in the Report.

(f) The manufacturer’s Design Report shall be certified
only after

(1) all design requirements of this Division and the
User’s Design Specification have been met.

(2) the Manufacturer’s Construction Re€ords are
reconciled with the Manufacturer’s Design‘Report and
with the User’s Design Specification.

(g) Certification of the Design Report’shall not relieve
the Manufacturer of the responsibility for the structural
integrity of the completed item foi"the conditions stated in
the User’s Design Specificatiohs

(h) The inspector shall,review the Manufacturer’s
Design Report and ensure that the requirements of
KG-440 have been satisfied.

(i) An example, of a typical Manufacturer’s Design
Report Certificdtion Form is shown in Form KG-324.1.

KG-325 MANUFACTURER’S CONSTRUCTION
RECORDS (MCR)

The Manufacturer shall prepare, collect, and maintain
construction records and documentation of NDE reports,
vepairs, and deviations from drawings, as production
progresses, to show compliance with the Manufacturer’s
Design Report. An index to the construction records file
shall be maintained current. See KS-320.

KG-330 DESIGNER

The Designer is the individual engineer, or group of
engineers, experienced in high pressure vessel design,
who performs the required analysis of the vessel. The
Designer may be an employee of the Manufacturer, or
an agent acting in the Manufacturer's behalf.

(25)
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Form KG-324.1
Typical Certification of Compliance of the Manufacturer’s Design Report

CERTIFICATION OF COMPLIANCE OF
THE MANUFACTURER’S DESIGN REPORT

| (We), the undersigned, being experienced and competent in the applicable field of design
related to pressure vessel construction relative to the certified User’s Design Specification,
certify that to the best of my knowledge and belief the Manufacturer’s Design Report is
complete, accurate, and complies with the User’s Design Specification and with all the other
applicable construction requirements of the ASME Section VIII, Division 3 Pressure Vessel
Code, Edition and Code Case(s) . This certification
is made on behalf of the Manufacturer

company name

Certified by:

Title and areas of responsibility:

Date:

Certified by:

Title and areas of responsibility:

Date:

Professional Engineer Seal:
as required

Date:

Authorized Inspector review:

Date:
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ARTICLE KG-4
GENERAL RULES FOR INSPECTION

KG-400 GENERAL REQUIREMENTS FOR
INSPECTION AND EXAMINATION

The inspection and examination of pressure vessels
stamped with the Certification Mark with U3 Designator
shall conform to the general requirements for inspection
and examination in this Article and, in addition, to the
specific requirements for inspection and examination
given in the applicable paragraphs.

KG-410 MANUFACTURER’S
RESPONSIBILITIES

KG-411 INSPECTION CONTRACT

The Manufacturer shall have in force, at all times, a valid
inspection contract or agreement with an accredited
Authorized Inspection Agency, employing Authorized
Inspectors as defined in KG-431. A valid inspection
contract or agreement is a written agreement betweeil
the Manufacturer and the Authorized Inspection
Agency in which the terms and conditions forfurnishing
the service are specified and in which the mutual respon-
sibilities of the Manufacturer and the Inspector are stated.

KG-412 CERTIFICATION

The Manufacturer who completes any vessel to be
marked with the CertificationsMark with U3 Designator
has the responsibility of complying with all the require-
ments of this Division and, through proper certification, of
ensuring that work done by others also complies with all
requirements of this:Division, as indicated by the Manu-
facturer's signatuire on the Manufacturer’s Data Report.

KG-413 PROVISIONS FOR INSPECTION

KG-413.1 Access. The Manufacturer of the vessel or
part‘thereof shall arrange for the Inspector to have
free access to such parts of all plants as are concerned
with the supply or manufacture of materials for the
vessel, at all times while work on the vessel is being
performed, and to the site of field erected vessels
during the period of assembly and testing of the vessel.

KG-413.2 Progress. The Manufacturer shall keep the
Inspector informed of the progress of the work and
shall notify the Inspector reasonably in advance when

the vessel or materials will be ready for any’required
tests or inspections.

KG-414 DOCUMENTATION FURNISHED TO
INSPECTOR

The Manufacturer shall provide documentation and
records, with ready and ¢imely access for the Inspector,
and perform the other,actions as required by this Division.
Some typical required-documents, which are defined in
the applicable rules,'are summarized as follows:

(a) the Certificate of Authorization to use the Certifica-
tion Mark with U3 Designator from the ASME Boiler and
Pressure Vessel Committee (see Article KS-2)

(b) ‘the’drawings and design calculations for the vessel
or part (see KG-323)

(¢) the mill test report or material certification for all
material used in the fabrication of the vessel or part
including welding materials (see KM-101), and sample
test coupons (see KT-110) when required

(d) any Partial Data Reports when required by KS-301

(e) reports of examination of all materials (except
welding materials) before fabrication

(1) to make certain they have the required thickness
in accordance with the Design Specification

(2) for detection of unacceptable defects

(3) to make certain the materials are permitted by
this Division (see KM-100)

(4) and to make certain that the identification trace-
able to the mill test report or material certification has
been maintained (see KF-112)

(f) documentation of impact tests when such tests are
required [see KM-212, KM-230(a), and Article KT-2]

(g) obtain concurrence of the Inspector prior to any
repairs when required by KF-113, KF-710 and 2-116
of Mandatory Appendix 2

(h) reports of examination of head and shell sections to
confirm they have been properly formed to the specified
shapes within permissible tolerances (see KF-120 and
KF-130)

(i) qualification of the welding procedures before they
are used in fabrication (see KF-210, KF-822, and KT-220)

(j) qualification of all Welders and Welding Operators
before using Welders in production work (see KF-210 and
KF-823)
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(k) reportsofexamination of all parts prior to joining to
make certain they have been properly fitted for welding
and that the surfaces to be joined have been cleaned and
the alignment tolerances are maintained (see KF-230)

(D) reports of examination of parts as fabrication
progresses for material identification (see KG-413 and
KS-301) that surface defects are not evident, and that
dimensional geometries are maintained

(m) provision of controls to assure that all required
heat treatments are performed (see Part KF)

(n) providing records of nondestructive examinations
performed on the vessel or vessel parts. This shall include
retaining the radiographic film

(o) making the required hydrostatic or pneumatic test
and having the required examination performed during
such test (see Article KT-3)

(p) applying the required stamping and/or nameplate
to the vessel and making certain it is applied to the proper
vessel (see Article KS-1)

(q) preparing the required Manufacturer’s Data Report
with the supplement, and having them certified by the
Inspector (see Article KS-1)

(r) maintenance of records (see KS-310 and KS-320)

KG-420 CERTIFICATION OF
SUBCONTRACTED SERVICES

(a) The Quality Control Manual shall describe the
manner in which the Manufacturer (Certificate Holder)
controls and accepts the responsibility for the subcon-
tracted activities (see KG-322). The Manufacturer shall
ensure that all subcontracted activities meet the require-
ments of this Division. This section of the manuahwill be
reviewed with the Inspector together with, the entire
Quality Control Manual.

(b) Worksuchas forming, nondestruatiye examination,
heat treating, etc.,, may be performed by others. It is the
vessel Manufacturer’s responsibility to ensure that all
work performed complies with'allthe applicable require-
ments of this Division. After ensuring compliance, and
obtaining permission of the Inspector, the vessel may
be stamped with the, Gertification Mark.

(c) Subcontractsthat involve welding on the pressure
boundary components for construction under the rules of
this Division,other than repair welds permitted by the
ASME material specifications, shall be made only to
subcontractors holding a valid Certificate of Authorization
with U, U2, or U3 Designators.

(d))A Manufacturer may engage individuals by contract
forsservices as Welders or Welding Operators, at shop or
Site locations shown on the Manufacturer's Certificate of
Authorization, provided all of the following conditions are
met:

(1) The work to be done by Welders or Welding
Operators is within the scope of the Certificate of Author-
ization.

(2) The use of such Welders or Welding Operators is
described in the Quality Control Manual of the Manufac-
turer.

(3) The Welding Procedures have been properly
qualified by the Manufacturer, according to Section IX.

(4) The Welders and Welding Operators are quali-
fied by the Manufacturer according to Section IX to
perform these procedures.

(5) Coderesponsibility and control is retained by the
Manufacturer.

KG-430 THE INSPECTOR
KG-431 IDENTIFICATION OF INSPECTOR

All references to Inspectors throughout this Division
mean the Authorized Inspector aS/defined in this para-
graph. All inspections requiréd by this Division shall
beby an Inspector qualifiedaccording to KG-432 and regu-
larly employed by

(a) an ASME accredited Authorized Inspection Agency,
as defined in ASME QAI-1, Qualifications for Authorized
Inspection, or

(b) a company that manufactures pressure vessels
exclusively\ for its own use and not for resale which is
defined\as a User-Manufacturer. This is the only instance
in which an Inspector may be in the employ of the Manu-
factuter.

KG-432 INSPECTOR QUALIFICATION

All Inspectors shall have been qualified in accordance
with ASME QAI-1, Qualifications for Authorized Inspec-
tion.

KG-433 MONITOR QUALITY CONTROL SYSTEM

In addition to the duties specified, the Inspector has the
duty to monitor the Manufacturer’s Quality Control
System as required in Mandatory Appendix 2.

KG-434 MAINTENANCE OF RECORDS

The Inspector shall verify that the Manufacturer has a
system in place to maintain the documentation for the
Manufacturer’s Construction Records current with
production, and to reconcile any deviations from the
Manufacturer’s Design Report.

KG-440 INSPECTOR’S DUTIES

The Inspector of vessels to be marked with the Certi-
fication Mark with U3 Designator has the duty of making
all required inspections and such other inspections
considered necessary in order to satisfy the Inspector
that all requirements have been met. Some typical
required inspections and verifications, which are
defined in the applicable rules, are summarized as follows:

(25)
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(a) to verify that the Manufacturer has a valid Certifi-
cate of Authorization and is working according to an
approved Quality Control System

(b) to verify that applicable Design Report, User’s
Design Specification, drawings, and related documents
are available (see KG-414)

(c) to verify that materials used in the construction of
the vessel comply with the requirements of Part KM

(d) to verify that all Welding Procedures have been
qualified

(e) to verify that all Welders and Welding Operators
have been qualified

(f) to verify that the heat treatments, including post-
weld heat treatment (PWHT), have been performed
[see KG-414(m)]

(g) to verify that material imperfections repaired by
welding are acceptably repaired and reexamined

(h) toverify that the required nondestructive examina-
tions, impact tests, and other tests have been performed
and that the results are acceptable

(i) to make a visual inspection of the vessel to confirm
that the material numbers have been properly transferred
(see KF-112)

(j) to perform internal and external inspections where
applicable, and to witness the hydrostatic or pneumatic
tests (see Article KT-3)

(k) to verify that the required marking is provided)
including stamping, and that the nameplate has been
permanently attached to the proper vessel or‘yessel
chamber (see Article KS-1)

(1) to sign the Certificate of Inspection onithe’Manufac-
turer’s Data Report when the vessel, tothé best of the
Inspector’s knowledge and belief, is<Complete and in
compliance with all the provisiong, of this Division (see
Article KS-3)

(m) to verify that the Mafiufacturer has maintained
proper records (see KS-320 and KG-320)
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ARTICLE KG-5
ADDITIONAL GENERAL REQUIREMENTS FOR COMPOSITE
REINFORCED PRESSURE VESSELS (CRPV)

KG-500 GENERAL REQUIREMENTS

The following Article provides additional general re-
quirements for the manufacture of Composite Reinforced
Pressure Vessels (CRPV).

KG-510 SCOPE

This construction method uses alaminate of continuous
unidirectional filaments of a specified glass or carbon fiber
with a specified resin that is circumferentially wound in a
systematic manner under controlled tension over a cylin-
drical metallic layer and cured in place. Openings are not
permitted in the laminate. Metallic ends and nozzles
complete the construction; see Section X, Mandatory
Appendix 10, Figures 10-201-1, 10-201-2, and 10-201-3.

KG-511 METALLIC LAYER

The outside diameter of the metallic layer in the rein-
forced area shall not exceed 60 in. (1.52 m). The thickness
of the metallic layer shall not be less than 0.25 in{(6,mm).

KG-512 SERVICE LIFE

Service life for CRPV constructed undes the rules of this
Division shall be limited to twenty yedrs from the date of
manufacture as noted on Form CRRV-1A.

KG-513 APPLICATION SPECIFIC TESTS AND
OTHER REQUIREMENTS

This Division doesngtinclude requirements or rules for
tests that may be appropriate for certain applications (e.g.,
fire tests, drop, tests, projectile impact tests). For some
applications,jit-may be necessary to consider additional
conditions.such as exposure to fire and projectile
impact-damage.

KG-514 UPPER LIMIT OF DESIGN PRESSURE

The internal design pressure for CRPV shall not be
greater than 15,000 psi (103 MPa).

KG-515 SERVICE PRESSURE AND WORKING
PRESSURE

In some standards and regulations used in ambient
temperature compressed gas transport service, the
term “service pressure” is us€d to indicate the pressure
in the vessel at a temperature of 68°F (20°C). In other
standards and regulations,-the term “working pressure”
is used with the same definition. In these standards and
regulations it is generally allowable for the service or
working pressure‘to be exceeded as the gas is heated
beyond 68°E-(20°C) during filling or due to atmospheric
heating. For-pressure vessels to be used in transport
service{constructed to this Code, the service pressure
and thé working pressure shall be the maximum expected
pressure at a temperature of 68°F (20°C). The service
pressure or the working pressure or both shall be
defined in the User’s Design Specification. The working
pressure, service pressure, or the expected pressure
due to heating during filling or atmospheric heating
shall not exceed the design pressure of the vessel at
the design temperature.

KG-516 PROTECTIVE LAYER

Additional requirements regarding specification of a
protective layer for the CRPV in the User's Design Spec-
ification can be found in Section X, Mandatory Appendix
10, 10-202.

KG-517 REQUIREMENTS FOR CYCLIC PRESSURE
QUALIFICATION TEST

In addition to the total number of operating cycles
during the life of the CRPV, the User's Design Specification
shall state if the temperature of the intended service will
be controlled. If the intent is to control the temperature of
service, the number of cycles colder than 30°F (0°C), the
number of cycles between 30°F (0°C) and 110°F (45°C),
and the number of cycles warmer than 110°F (45°C) shall
be noted. If the service will be in ambient conditions with
no intent to control the temperature, there is no require-
ment to report the number of cycles in the aforementioned
temperature ranges.
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KG-518 LAMINATE TENSILE STRENGTH AND
ELASTIC MODULUS

The User’s Design Specification shall state the required
minimum tensile strength and the nominal elastic
modulus for the laminate in the maximum property direc-
tion (parallel to the fiber direction).

KG-520 SUPPLEMENTAL GENERAL
REQUIREMENTS FOR CRPV

KG-521 REQUIREMENTS FOR CRPV USED IN
TRANSPORT SERVICE

(a) CRPV used in transport service shall conform to the
regulatory requirements specific to the application in
addition to this Division. Government regulatory agencies
and other jurisdictions issue rules that may require
compliance with additional Codes and Standards.)

(b) CRPV may be installed in ships, barges, container
frames, rail cars, over-the-road trucks, and other craft,
provided prior written agreement with the local jurisdic-
tional authority is established covering operation and
maintenance control for a specific service and where
this operation and maintenance control is retained
during the life of the CRPV by the User who prepares,
or causes to be prepared, the User’s Design Specification.
See KG-310.

(c) CRPVs to be used in transport service as described
above may be constructed and stamped within the scopé
of this Division as specified with the following additional
provisions:

(1) The User’s Design Specification shall include the
requirements that provide for operation and maintenance
control for the CRPV.

(2) For vessels to be used in transport service, the
User’s Design Specification shall specify the service pres-
sure or the working pressure or both for the vessel (see
KG-515).

(3) The Manufacturer’s Data Report, as described)in
KS-300, shall include under “Remarks” one‘of the
following statements:

(-a) “Constructed for transport service-for use in
(name of local jurisdictional authority in-this space).”

(-b) “Constructed for service aecording to the re-
quirements of (regulatory agency ot additional code(s) in
this space).”

(4) Theloads onthe CRRWimposed by the conditions
of transport, including acc¢ident loads, relocation of the
CRPV between sites, and\¢yclic loading and discharge
shall be considered as“part of KD-110.

(5) The CRPV\shall not be used as structural support
members in thé transport vehicle or vessel structure.

KG-522 SUPPLEMENTARY MANUFACTURER’S
RESPONSIBILITIES

Additional supplementary Manufacturer's require-
ments are found in Section X, Mandatory Appendix 10,
10-203.
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ARTICLE KG-6
ADDITIONAL GENERAL REQUIREMENTS FOR IMPULSIVELY
LOADED VESSELS

KG-600 GENERAL REQUIREMENTS

The following Article provides additional general re-
quirements for the design and manufacture of impulsively
loaded vessels.

KG-610 SCOPE

This Article applies to pressure vessels that are
subjected to internal impulsive loadings that may
consist of blast pressure from a detonation source and
mechanical loadings caused by detonation fragments.
Impulsive loading is defined in KD-210.

KG-611 CONSTRUCTION RULES

Each pressure vessel to which this Article applies shall
comply with the existing rules of Section VIII, Division 3
and the additional requirements given in Article KM-7,
KD-240, Article KOP-3, KT-350, and KS-102.

KG-612 MATERIALS AND COMBINATIONS,OF
MATERIALS

Each pressure vessel to which this Article applies shall
comply with the requirements of KD>101, except as
covered in Article KM-7.

KG-613 OVERPRESSURE PROTECTION

In accordance with KG-311.11, the User or the User's
designated agent shall be responsible for the provision in
the Design Specification of the administrative or engi-
neered controls that provide‘oyverpressure protection
as specified in Article KOP-3:

KG-614 LOADINGS

The User's Design Specification (see KG-311) shall
provide the following in addition to the required loadings
specified in/KG-311:

(a) the.mpulsive loading design basis.

(b) Anmipulse source location within the vessel (i.e.,
vessel‘eenter, off-center, etc.).

(¢)” the basis for administrative controls limiting the
Impulse source.

(d) any protective liner requirements, such as for frag-
ment shielding. For vessels without protective liners, such
as single-use vessels, guidance for evaluation of postu-
lated localized wall thinning from fragment partial pene-
tration is provided in API-579-1/ASME FFS-1.

(25)

20


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2025.pdf

ASME BPVC.VIIL3-2025

PART KM
MATERIAL REQUIREMENTS

ARTICLE KM-1
GENERAL REQUIREMENTS

KM-100 MATERIALS PERMITTED

(a) Materials that are to be used under the rules of this
Division, except for integral cladding, welding filler metals,
weld metal overlay, protective liner materials (see
KD-103), laminate materials used for the wrapping of
CRPV vessels (see Article KM-5), and inner layers of
covers used on impulsively loaded vessels (see Article
KM-7), shall conform to a material specification given
in Section II, and shall be listed in Tables KM-400-1
through KM-400-4 (Tables KM-400-1M through
KM-400-4M) The term material specification used in
this Division shall be the referenced specification in
Section II together with the supplemental requirements
listed in the User’s Design Specification (see KG-311,7.

(b) Materials that are outside the limits of size and/or
thickness stipulated in the title or scope clause of the mate-
rial specifications given in Section II and permitted by
Part KM may be used if the materials are‘in compliance
with the other requirements of the material specification
and no size or thickness limitation is specified in this Divi-
sion. In those specifications in which chemical composi-
tion or mechanical properties yary with size or thickness,
materials outside the range shall be required to conform to
the composition and mechanical properties shown for the
nearest specified rangé.

(c) Exceptas provided in Articles KM-5, KM-7, and this
paragraph, materials other than those allowed by this
Division shall ‘met be used for construction of the pres-
sure-retaining component, including bolting and
prestressed inner layer.

{1)-Data on other materials may be submitted to and
approved by the ASME Boiler and Pressure Vessel
Committee in accordance with Section II, Part D, Manda-
tory Appendix 5.

(2) A vessel or part Manufacturer may certify mate-
rials identified with a specification not permitted by this
Division, provided the following requirements are satis-
fied:

(-a) All requirements (including, but not limited
to, melting method, melting practice, deoxidation,

by this Division to which the-miaterial is to be certified,
including the requirements of this Division, have been
demonstrated to have been’met.

(-b) A certificdtionh that the material was manufac-
tured and tested in accordance with the requirements of
the specification t@ which the material is certified (a Certi-
ficate of Comipliance), excluding the specific marking re-
quirements) has been furnished to the vessel or part
Manufdcturer, together with copies of all documents
and-test reports pertinent to the demonstration of confor-
matice to the requirements of the permitted specification.

(d) The bolt product form, as specified in
Tables KM-400-1 through KM-400-3 (Tables
KM-400-1M through KM-400-3M) shall not be used for
applications other than bolting (see KM-300).

(e) Pressure vessel closure components, such as
threaded bodies and main nuts, that have threaded
sections for the purpose of engaging seals and/or
retaining end loads may be manufactured from forging
or bar product forms listed in Tables KM-400-1
through KM-400-3 (Tables KM-400-1M through
KM-400-3M), provided that all other qualification and
design requirements of this Division are met.

(f) The User shall confirm the coupling of dissimilar
metals will have no harmful effect on the corrosion
rate or life of the vessel for the service intended (see
KG-311.7).

KM-101 CERTIFICATION BY MATERIALS
MANUFACTURER

The Materials Manufacturer shall certify that all re-
quirements of the applicable materials specifications in
Section II (considering any exemptions allowed by
KM-100), all special requirements of Part KM which
are to be fulfilled by the Materials Manufacturer, and
all supplementary material requirements specified by
the User’s Design Specification (see KG-311) have been
complied with. The certification shall consist of a Materials
Manufacturer’s material test report showing numerical
results of all required tests, and shall certify that all
required examinations and repairs have been performed

guality, and heat treatment) of a specification permitted
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on the materials. Also see KE-200. All conflicts between
the materials specifications and the special requirements
herein shall be noted and compliance with the special re-
quirements stated (see KF-111).

KM-102 PREFABRICATED OR PREFORMED
PRESSURE PARTS FURNISHED WITHOUT
A CERTIFICATION MARK

(a) Prefabricated or preformed pressure parts for pres-
sure vessels that are subject to stresses due to pressure
and thatare furnished by others or by the Manufacturer of
the completed vessel shall conform to all applicable re-
quirements of this Division except as permitted in (b),
(c), (d), and (e) below. When the prefabricated or
preformed parts are furnished with a nameplate that
contains product-identifying marks and the nameplate
interferes with further fabrication or service, and
where stamping on the material is prohibited, the Manu-
facturer of the completed vessel, with the concurrence of
the Authorized Inspector, may remove the nameplate. The
removal of the nameplate shall be noted in the “Remarks”
section of the vessel Manufacturer's Data Report. The
nameplate shall be destroyed. The rules of (b), (c), (d),
and (e) below shall not be applied to welded shells or
heads.

Parts furnished under the provisions of (b), (c), and (d)
need notbe manufactured by a Certificate of Authorization
Holder.

Prefabricated or preformed pressure parts may be
supplied as follows:

(1) cast, forged, rolled, or die-formed nonstanidard
pressure parts

(2) cast, forged, rolled, or die-formed standard pres-
sure parts that comply with an ASME produet standard,
either welded or nonwelded

(3) cast, forged, rolled, or die-formeéd standard pres-
sure parts that comply with a standard other than an ASME
product standard, either welded>otr nonwelded

(b) Cast, Forged, Rolled, orDie-Formed Nonstandard
Pressure Parts. Pressure partssuch as shells, heads, remo-
vable doors, and pipe coils that are wholly formed by
casting, forging, rolling;’or die forming may be supplied
basically as materials/All such parts shall be made of mate-
rials permittedwunder this Division, and the Manufacturer
of the part shall'furnish identification in accordance with
KM-101.(Such parts shall be marked with the name or
trademark of the parts manufacturer and with such
otherymarkings as will serve to identify the particular
parts with accompanying material identification. The
Manufacturer of the completed vessel shall be satisfied
that the part is suitable for the design conditions specified
for the completed vessel in accordance with the rules of
this Division.

(c) Cast, Forged, Rolled, or Die-Formed Standard Pres-
sure Parts That Comply With an ASME Product Standard,
Either Welded or Nonwelded

(1) These are pressure parts that comply with an
ASME product standard accepted by reference. The
ASME product standard establishes the basis for the pres-
sure-temperature rating and marking unless modified by
this Division.

(2) Flanges and flanged fittings may be used at the
pressure-temperature ratings specified in the appro-
priate standard listed in this Division.

(3) Materials for standard pressure parts shall bé-as
permitted by this Division.

(4) Pressure parts such as welded standard’pipe
fittings, welding caps, and flanges that are-fabricated
by one of the welding processes recognizedby this Divi-
sion do not require inspection or identification in accor-
dance with KM-101 except that eértified reports of
numerical results or certificates)ef compliance of the
required Charpy V-notch impact'testing of the parts
shall be supplied to the Manufacturer of the completed
vessel. Partial Data Repo¥t$ are not required provided
the requirements of KM¥102(c) are met.

(5) If postweld ‘heat treatment is required by the
rules of this Division, it may be performed either in
the location ofthe parts manufacturer or in the location
of the Manufacturer of the vessel to be marked with the
Certification Mark.

(6)-If volumetric examination is required by the rules
ofthis Division, it may be performed at one of the following
locations:

(-a) the location of the Manufacturer of the
completed vessel

(-b) the location of the pressure parts
manufacturer

(7) Parts made to an ASME product standard shall be
marked as required by the ASME product standard.

(8) The Manufacturer of the completed vessels shall
have the following responsibilities when using standard
pressure parts that comply with an ASME product stan-
dard:

(-a) ensure that all standard pressure parts
comply with applicable rules of this Division

(-b) ensure that all standard pressure parts are
suitable for the design conditions of the completed vessel

(-c) when volumetric examination is required by
the rules of this Division, obtain the complete data set,
properly identified, with an examination report, and
any other applicable volumetric examination report

(9) The Manufacturer shall fulfill these responsibil-
ities by obtaining, when necessary, documentation as
provided below, providing for retention of this documen-
tation, and having such documentation available for exam-
ination by the Inspector when requested. The
documentation shall contain at a minimum

(-a) material used

(-b) the pressure-temperature rating of the part

(-c) the basis for establishing the pressure-
temperature rating
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(d) Cast, Forged, Rolled, or Die-Formed Standard Pres-
sure Parts That Comply With a Standard Other Than an
ASME Product Standard, Either Welded or Nonwelded

(1) Standard pressure parts thatare either welded or
nonwelded and comply with a manufacturer’s proprietary
standard or a standard other than an ASME product stan-
dard may be supplied by

(-a) a Certificate of Authorization holder
(-b) a pressure parts manufacturer

(2) Parts of small size falling within this category for
which it is impossible to obtain identified material, or that
may be stocked and for which identification in accordance
with KM-101 cannot be obtained and are not customarily
furnished, shall not be used.

(3) Materials for these parts shall be as permitted by
this Division only.

(4) When welding is performed, it shall meet the re-
quirements of this Division.

(5) Pressure parts such as welded standard pipe
fittings, welding caps, and flanges that are fabricated
by one of the welding processes recognized by this Divi-
sion do not require inspection or identification in accor-
dance with KM-101 except that certified reports of
numerical results or certificates of compliance of the
required Charpy V-notch impact testing of the parts
shall be supplied to the Manufacturer of the completed
vessel. Partial Data Reports are not required provided
the requirements of KM-102(c) are met.

(6) If postweld heat treatment is required by the
rules of this Division, it may be performed eitherin
the location of the parts manufacturer or in the 1¢cation
of the Manufacturer of the completed vessel.

(7) If radiography or other volumetricjexamination
is required by the rules of this Division, it may be
performed at one of the following locations:

(-a) the location of the Manufacturer of the
completed vessel

(-b) the location of the-parts Manufacturer

(-c) the location of.the pressure parts manufac-
turer

(8) Marking for these parts shall be as follows:

(-a) with the'mame or trademark of the Certificate
Holder or the pressure part manufacturer and any other
markings as required by the proprietary standard or other
standard.used for the pressure part

(-b) with a permanent or temporary marking that
will sepve to identify the part with the Certificate Holder or
the pressure parts manufacturer’s written documentation
of the particular items, and that defines the pressure-
temperature rating of the part

(9) The Manufacturer of the completed vessels shall
have the following responsibilities when using standard
pressure parts:

(-a) ensure that all standard pressure parts
comply with applicable rules of this Division

(-b) ensure that all standard pressure parts are
suitable for the design conditions of the completed vessel

(-c) when volumetric examination is required by
the rules of this Division, obtain the complete data set,
properly identified, with an examination report, and
any other applicable volumetric examination report

(10) The Manufacturer of the completed vessel shall
fulfill these responsibilities by one of the following
methods:

(-a) Obtain, when necessary, documentation as
described below, provide for retention of this decumenta-
tion, and have such documentation availablefor examina-
tion by the Inspector when requested; or,

(-b) Perform an analysis ofithe pressure part in
accordance with the rules of this-Division. This analysis
shall be included in the docunientation and shall be made
available for examination by the Inspector when
requested.

(11) The documentation shall contain at a minimum

(-a) materialiused

(-b) the pressure-temperature rating of the part

(-c) .the basis for establishing the pressure-
temperature, rating

(-d)* a written certification by the pressure parts
manufacturer that all welding complies with Code re-
quirements

(e) The Code recognizes that a Certificate of Authoriza-
tion Holder may fabricate parts in accordance with
KM-102(d), and that are marked in accordance with
KM-102(d)(8). In lieu of the requirements in
KM-102(d)(4), the Certificate of Authorization Holder
may subcontract to an individual or organization not
holding an ASME Certificate of Authorization standard
pressure parts that are fabricated to a standard other
than an ASME product standard, provided all the following
conditions are met:

(1) The activities to be performed by the subcon-
tractor are included within the Certificate Holder’s
Quality Control System.

(2) The Certificate Holder’s Quality Control System
provides for the following activities associated with
subcontracting of welding operations and these provi-
sions shall be acceptable to the Manufacturer’s Authorized
Inspection Agency:

(-a) the welding processes permitted by this Divi-
sion that are permitted to be subcontracted

(-b) welding operations

(-c) Authorized Inspection activities

(-d) placement of the Certificate of Authorization
Holder’s marking in accordance with KM-102(d)(8)

(3) The Certificate Holder’s Quality Control System
provides for the requirements of KG-413 to be met at the
subcontractor’s facility.

(4) The Certificate Holder shall be responsible for
reviewing and accepting the Quality Control Programs
of the subcontractor.
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(5) The Certificate Holder shall ensure that the
subcontractor uses written procedures and welding
operations that have been qualified as required by this
Division.

(6) The Certificate Holder shall ensure that the
subcontractor uses personnel that have been qualified
as required by this Division.

(7) The Certificate Holder and the subcontractor
shall describe in their Quality Control Systems the opera-
tional control of procedure and personnel qualifications of
the subcontracted welding operations.

(8) The Certificate Holder shall be responsible for
controlling the quality and ensuring that all materials
and parts that are welded by subcontractors and
submitted to the Inspector for acceptance conform to
all applicable requirements of this Division.

(9) The Certificate Holder shall describe in their
Quality Control Systems the operational control for main-
taining traceability of materials received from the subcon-
tractor.

(10) The Certificate Holder shall receive approval for
subcontracting from the Authorized Inspection Agency
prior to the commencing of activities.

KM-103 BASE MATERIAL FOR INTEGRAL
CLADDING, WELD METAL OVERLAY, AND
OTHER PROTECTIVE LININGS

Base materials over which integral cladding or weld
metal overlay materials are applied shall satisfy the re-
quirements of Part KM. Base materials in which corrg-

sion-resistant or abrasion-resistant liners are used
shall also meet the requirements of Part KM.

KM-104 INTEGRAL CLADDING AND WELD METAL
OVERLAY MATERIAL

Integral cladding and weld metal overlay materials may
be any metallic material of weldable quality that meets the
requirements of Article KF-3.

KM-105 PROTECTIVE LINER MATERIAL

Corrosion-resistant or abrasion-resistant liner mate-
rials may be any metallic or nonmetallic mdterial suitable
for the intended service conditions (seé KG-311).

KM-106 REPETITION OF SPECIFIED
EXAMINATIONS, TESTS, OR HEAT
TREATMENTS

The requirements of Axticle KM-2 shall be met in addi-
tion to the examination, testing, and heat treating require-
ments for a given iaterial that are stated in its material
specification. No heat treatment need be repeated except
in the case ofquéenched and tempered steel as required by
KF-602.
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ARTICLE KM-2
MECHANICAL PROPERTY TEST REQUIREMENTS FOR METALS

KM-200 GENERAL REQUIREMENTS

As permitted by KM-100, all forms of metal products
may be used subject to meeting the requirements of
the material specification as well as the mechanical
test and examination requirements of this Division.

KM-201 DEFINITION OF THICKNESS

The requirements in this Article make reference to a
thickness. For the purpose intended, the following defini-
tions of thickness T at the time of heat treatment apply.

KM-201.1 Plates. The thickness is the dimension of the
short transverse direction.

KM-201.2 Forgings. The thickness is the dimension
defined as follows:

(a) for hollow forgings in which the axial length is
greater than the radial thickness, the thickness is
measured between the minimum inside and maximunt
outside surfaces (radial thickness), excluding flanges
(protrusions) whose thicknesses are less than the ‘wall
thickness of the cylinder

(b) for disk forgings in which the axial-dength is less
than or equal to outside diameter, the:thickness is the
axial length

(c) forring forgings where the maximum axial length is
less than the radial thickness, the‘maximum axial dimen-
sion is considered the thickness

(d) for rectangular solidfargings, the least rectangular
dimension is the thickness

(e) for round, hexagonal, and octagonal solid forgings,
the nominal thickness is the diameter or distance across
the flats (axial-length > diameter or distance across the
flats)

KM-201:3" Bars and Bolting Materials. The thickness
for bars-and bolting material shall be the diameter for
roundbars, the lesser of the two cross-section dimensions
for-rectangular bars, and the distance across the flats for
hexagonal bars; or the length of a given bar, whichever is
less.

KM-201.4 Pipe. The thickness for pipe shall be the
nominal wall thickness.

KM-210 PROCEDURE FOR OBTAINING TEST
SPECIMENS AND COUPONS

For austenitic stainless steels andfor nonferrous alloys,
the procedure for obtaining test:specimen coupons shall
conform to the applicable material specification. These
materials are exempt fromr the’requirements of KM-211.

KM-211 PRODUCT EFORMS
KM-211.1 Plates.

(a) For thicknésses less than 2 in. (50 mm), specimens
shall be takenvin accordance with the requirements of the
applicable material specification.

(b)- For thicknesses 2 in. (50 mm) and greater, the
centerline of the test specimens shall be taken in accor-
darice with the requirements of the applicable material
specification, but not closer than T to any heat-treated
edge and at a depth of T/2 from the plate surface.

(c) Where a separate test coupon is used to represent
the vessel material, it shall be of sufficient size to ensure
that the cooling rate of the region from which the test
specimens are removed represents the cooling rate of
the material at T/2 deep and at least T from any edge
of the product. Unless cooling rates applicable to the
bulk pieces or product are simulated in accordance
with KM-220, the dimensions of the coupon shall be
notless than 3Tby 3T by T, where T is the maximum mate-
rial thickness.

KM-211.2 Forgings. The datum point, defined as the
midpoint of the gage length of tension test specimens
or the area under the notch of impact test specimens,
shall be located in accordance with one of the following
methods. All testing shall be from integral prolongations of
the forging, except as permitted in (d), and shall be
performed after final heat treatment (see KT-111). In
addition to the following, for quenched and tempered
materials, the location of the datum point shall be
equal to or farther from the nearest quenched surface
than any pressurized surface or area of significant
loading is from the quenched surface. The designer
shall define the datum point locations within the
forging relative to the rules of this Division.

(a) For forgings having a maximum heat-treated thick-
ness not exceeding 4 in. (100 mm), the datum points of the
test specimens shall be located in the forging or test

25


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2025.pdf

ASME BPVC.VIILL3-2025

forging at mid-thickness and at least 2T/3 (T is the
maximum heat-treated thickness) from the heat-
treated end surface or nearest adjacent surfaces.

(b) For forgings having a maximum heat-treated thick-
ness in excess of 4 in. (100 mm), the datum points of the
test specimens shall be removed T/4 or deeper from the
nearest heat-treated surface and at least 2T/3 from the
heat-treated end surface or nearest adjacent surfaces.
T/4 from a heat-treated end or deeper may be used
for precipitation hardening and age hardening materials
listed in Table KM-400-2 (Table KM-400-2M) (UNS Nos.
$13800, S15500, S17400, S17700, S45000, S45500, and
S66286) that have been air cooled after aging.

(c) Forforgings thatare contour shaped or machined to
essentially the finished product configuration prior to heat
treatment, find the interior location that has the greatest
distance to the nearest heat-treated surface. Designate
this distance t/2. Test specimens shall be taken no
closer to any heat-treated surface than one half of this
distance (%t location). The datum points of the specimen
shall be a minimum of t/2 from any second heat-treated
surface.

(d) With prior approval of the Manufacturer, test speci-
mens may be taken from a separate test forging under the
conditions described in KM-231(d), or removed from a
location within the forging that has received substantially
the same reduction and type of hot working as the main
body of the forging for which the tests are being
conducted, if permitted by the material specification.
The dimensional requirements specified in (a), (b), (),
or (e) shall be met as applicable.

(e) Forlargeforgingsthatrequire testing from each end
in accordance with KM-231(b) or KM-231(€), test
specimen locations according to (a), (b),.fc), and (d)
may be designated at each end independently based
on the thickness at that end, providedcat least one end
represents the thickest dimension of the entire forging.

KM-211.3 Bars and Bolting Materials.

(a) For diameters or_thicknesses less than 2
in. (50 mm), the specimens:shall be taken in accordance
with the requirements ofthe applicable material specifi-
cation.

(b) For diameters or thicknesses 2 in. (50 mm) and
over, the datum. point of the test specimen defined as
the midpoint of the gage length of a tension test specimen
or the area under the notch of the impact specimens shall
belocated at T/4 from the outside rolled surface or deeper
andino closer than 27/3 from a heat-treated end. T/4 from
aheat-treated end or deeper may be used for precipitation
hardening and age hardening steels that have been air
cooled after aging.

KM-211.4 Pipe.

(a) For thicknesses less than 2 in. (50 mm), specimens
shall be taken in accordance with the requirements of the
applicable material specification.

(b) For thicknesses 2 in. (50 mm) and over, specimens
shall be taken in accordance with the requirements of the
applicable material specification and atleast T/4 from any,
heat-treated surface, where T is the maximum wall thiek-
ness of the pipe, and with the ends of the specimens no
closer than T from a heat-treated end of the pipe)Test
specimens shall be removed from integral prolongations
from the pipe after completion of all heat treatment and
forming operations.

KM-211.5 Castings. The datum point, defined as the
midpoint of the gage length of ténsion test specimens
or the area under the notch gf impact test specimens,
shall be located as defined.in"’KM-211.2. Testing may
be from prolongations“or from cast test coupons.
Where a single prolongation is required according to
KM-231, it shall be‘taken from the feed-head end. Test
coupons, cast withnthe vessel, shall be made from the
same heat as the casting using a similar feed and head
arrangemeit, shall be heat treated with the casting,
and shall have a similar thickness to the casting at the
time gfihieat treatment. The datum points of the test speci-
mens for quenched and tempered materials shall be
located at T/4 from the nearest quenched surface and
T"from the nearest quenched end. T is defined as twice
the distance to the surface from the interior point that
has the greatest distance to the test specimen’s nearest
quenched surface.

KM-212 CHARPY IMPACT SPECIMENS
KM-212.1 Bolting Materials.

(a) Charpy V-notch impact test specimens shall be the
standard 10 mm x 10 mm size and shall be oriented
parallel to the axis of the bolt.

(b) Where Charpy V-notch impact testing is to be
conducted and bolt diameter does not permit specimens
in accordance with (a), subsize specimens may be used.
Test temperature shall be reduced in accordance with
Table KM-212.

(c) Where bolt diameter or length does not permit
specimens in accordance with (a) or (b), impact testing
is not required.

KM-212.2 Pressure-Retaining Component Materials,
Other Than Bolting and Castings, Not Containing Welds.

(a) The test coupons for Charpy specimens shall be
oriented such that their major axes lie transverse to
the direction of maximum elongation during rolling or
to the direction of major working during forging. Exam-
ples of acceptable Charpy V-notch impact specimen orien-
tations removed from plate and pipe are shown in

(25)

(25)
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Table KM-212
Charpy Impact Test Temperature Reduction Below
Minimum Design Metal Temperature

Actual Material Thickness or

Charpy Impact Specimen Width Temperature
Along the Notch, in. (mm) Reduction,
[Note (1)] °F (°C)
0.394 (10.00) (full-size standard bar) 0 (0)
0.354 (9.00) 0 (0)
0.315 (8.00) 0 (0)
0.295 (7.50) (%, size bar) 5(3)
0.276 (7.00) 8 (4)
0.262 (6.67) (% size bar) 10 (6)
0.236 (6.00) 15 (8)
0.197 (5.00) (% size bar) 20 (11)
0.158 (4.00) 30 (17)
0.131 (3.33) (% size bar) 35 (19)
0.118 (3.00) 40 (22)
0.098 (2.50) (4 size bar) 50 (28)

NOTE: (1) Straight line interpolation for intermediate values is
permitted.

Figure KM-212 illustrations (a) and (b), respectively. Since
the direction of major working in a forging can vary signif-
icantly depending upon its shape and the forging method
used, a single, representative example of an acceptable
Charpy specimen removed from such a forging cannot
be shown. Corners of Charpy specimens parallel¢toand
on the side opposite the notch may be as‘shown in
Figure KM-212 illustration (b-2), if necessary;té maintain
the standard 10 mm cross section at the notch.

(b) Where Charpy V-notch impaetitesting is to be
conducted and material size or shape does not permit
specimens in accordance with (a);longitudinal specimens
with their major axes parallel te'the direction of maximum
elongation or major working may be used as shown in
Figure KM-212 illustration: (b-3).

(c) Where material'size or shape does not permit
Charpy V-notch specimens in accordance with (a) or
(b), subsize longitudinal specimens may be used Test
temperature, shall be reduced in accordance with Table
KM-212.

(d) Charpy V-notchimpacttestingisnotrequired when
the maximum obtainable subsize longitudinal specimen
has a'width along the notch ofless than 0.099 in. (2.5 mm).

KM-212.3 Pressure-Retaining Component Materials
Containing Welds.

(a) The test coupons for Charpy specimens shall be
oriented such that their major axes lie transverse to
the direction of the welded joint. Corners of Charpy speci-
mens parallel to and on the side opposite the notch may be

as shown in Figure KM-212, if necessary, to maintain the
standard 10 mm cross section at the notch.

(b) Where Charpy V-notch impact testing is to be
conducted and material size or shape does not permit
specimens in accordance with (a), subsize specimens
may be used. Test temperature shall be reduced in accor-
dance with Table KM-212.

(c) Charpy V-notchimpacttestingis notrequired when
the maximum obtainable subsize specimen has a(width
along the notch of less than 0.099 in. (2.5 mm)].

KM-213 FRACTURE TOUGHNESS SPECIMENS

KM-213.1 Bolting Materials. If.applicable, fracture
toughness specimens shall be okiented such that the
plane of the precrack is transverse to the axis of the bolt.

KM-213.2 Pressure-Retaining Component Materials,
Other Than Bolting, Not Containing Welds. If applicable,
fracture toughness specimens shall be oriented such that
the plane of the precrack is parallel to the direction of
maximum elongation during rolling or to the direction
of major working during forging.

KM-213.3" Pressure-Retaining Component Materials
Containing Welds. If applicable, fracture toughness speci-
mef$ shall be oriented such that the plane of the precrack
is¢parallel to the direction of the welded joint.

KM-220 PROCEDURE FOR HEAT TREATING
SEPARATE TEST SPECIMENS

When metal products are to be heat treated and test
specimens representing those products are removed
prior to heat treatment, the test specimens shall be
cooled at a rate similar to and no faster than the main
body of the product. This rule shall apply for specimens
taken directly from the product as well as those taken from
separate test coupons representing the product. The
following general techniques may be applied to all
product forms, test specimens, or test coupons repre-
senting the product.

(a) Any procedure may be applied that can be demon-
strated to produce a cooling rate in the test specimen that
matches the cooling rate of the main body of the product at
the region midway between mid-thickness and the surface
(T/4) and no nearer to any heat-treated edge than a
distance equal to the nominal thickness being cooled
(T). The cooling rate of the test specimen shall replicate
that of the actual part within a temperature of 25°F (14°C)
at any given instant, and any given temperature shall be
attained in both the actual part and test specimen within
20 sec at all temperatures after cooling begins from the
heat treating temperature. Cooling rate can be determined
by any method agreed upon between the manufacturer
and purchaser, and can include, but is not limited to, theo-
retical calculations, experimental procedures, duplicate
test forgings, or any combination thereof.
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Figure KM-212
Examples of Acceptable Impact Test Specimens

(a) Plate [Note (1)]

Pipe rolling, drawing,
or extrusion direction

0.3in. (7.5 mm) — 1 In (2.5 mm)
max. .
Notch J

Note (2)

(b-2) [Note (3)]

(b-3)

(b) Charpy V-Notch Specimens From Pipe [Note (4)]

GENERAL NOTE: ,The, Charpy impact specimen notch orientation codes shown are in accordance with ASTM E1823, Annex A2.

NOTES:

(1) For plate greater than 2.2 in. (55 mm) in thickness, short transverse (S-T orientation) Charpy V-notch impact specimens may also be used.

(2) Corners-of the Charpy specimens may follow the contour of the component within the dimension limits shown.

(3) Fhis Figure illustrates how an acceptable transverse Charpy specimen can be obtained from a cylindrical pipe too small for a full length
standard specimen in accordance with ASME SA-370. The corners of longitudinal specimens parallel to and on the side opposite the notch may
also be as shown.

(4) The transverse Charpy V-notch specimen orientation for pipe shall be as shown in illustration (b-1); either notch orientation (C-R or C-L) is
acceptable. Ifthe transverse orientation shown in illustration (b-1) cannot be accommodated by the pipe geometry, then the orientation shall
be as shown in illustration (b-2). If the alternate transverse orientation shown in illustration (b-2) cannot be accommodated by the pipe
geometry, then the orientation shall be as shown in illustration (b-3); either notch orientation (L-R or L-C) is acceptable.
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(b) Faster cooling rates at product edges may be

compensated for by

(1) takingthetestspecimens atleast Tfromaquench
edge, where T equals the product thickness

(2) attaching a similar alloy pad at least T wide by a
partial penetration weld to the product edge where speci-
mens are to be removed

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

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

(d) When the material is clad or weld deposit overlaid
by the producer prior to heat treatment, the full thickness
samples shall be clad or weld deposit overlaid before such
heat treatments.

KM-230 MECHANICAL TESTING
REQUIREMENTS

(a) For materials listed in Tables KM-400-1 through
KM-400-3 (Tables KM-400-1M through KM-400-3M),
tensile and Charpy V-notch impact tests shall be
conducted on representative samples of all materials
used in the construction of pressure vessels, except
that impact tests specified in Tables KM-234.2(a) and
KM-234.2(b) are not required for nuts and washers;
protective liner and inner layer materials, or for materials
that do not contribute to the integrity of the, pressure
boundary. See also KM-250.

(b) For aluminum alloys listed in Table.KM-400-4
(Table KM-400-4M), tensile and notgh tensile tests
shall be conducted. See also KM-270Q: Impact tests are
not required.

KM-231 NUMBER OF TEST.SPECIMENS REQUIRED

(a) Components or matérial weighing 1,0001b (450kg)
or less at the time of heat treatment require at least one
tension test and one set of three Charpy V-notch impact
test specimens per-heat, per heat treatment load.

(b) Componentsor material weighing between 1,000 1b
and 5,0004b (450 kg and 2 300 kg) at the time of heat
treatment.require at least one tension test and one set of
three-Charpy V-notch impact test specimens per compo-
nent, plate, forging, or test forging [see (d)]. If the compo-
nent or forging length, excluding test prolongation(s),
exceeds 80 in. (2000 mm), then one set of tests shall
be taken at each end and they shall be spaced 180 deg
apart. For plate with a length exceeding 80 in. (2 000
mm), one set of tests shall be taken at each end and
they shall be removed from diagonally opposite corners.

(c) Components or material weighing over 5,000
Ib (2300 kg) at the time of heat treatment require at
least two tension tests and two sets of three Charpy V-

notch impact test specimens per component, plate,
forging, or test forging [see (d)]. One set of tests shall
be taken at each end and they shall be spaced 180 deg
apart for a component, forging, or test forging [see
(d)], and at diagonally opposite corners for plate. If the
component or forging length, excluding test prolonga-
tion(s), exceeds 80 in. (2000 mm), then two sets. of
tests shall be taken at each end and they shall be
spaced 180 deg apart. The tests at one end shall be
offset from the tests at the other end by 90{(deg. For
plate with a length exceeding 80 in. (2 000;mm), two
sets of tests shall be taken at each end-and they shall
be removed from both corners.

(d) With prior approval of the Manufacturer, test speci-
mens for forgings may be taken-from a separate test
forging that represents one efinore production forgings
under the following conditions:

(1) The separate testforgingshall be of the same heat
of material and shall besubjected to substantially the same
reduction and working as the production forgings that it
represents.

(2) Theseparate testforging shall be heattreatedina
manner that produces a cooling rate similar to and no
faster than the main body of the production forgings
thatsitirepresents. The holding time at temperature
afid“the heat-treating temperature for the separate
forging shall be the same as for the production forgings
that it represents.

(3) The separate test forging shall be of the same
nominal thickness as the production forgings thatitrepre-
sents.

(4) Test specimen locations shall be as defined in
KM-211.

(5) The separate test forging may be used to repre-
sent forgings of several thicknesses in lieu of (3) provided
the following additional requirements are met:

(-a) the separate test forging shall have a weight
equal to or greater than the weight of the heaviest forging
in the batch to be represented

(-b) theseparate testforging shall have a thickness
equal to or greater than the thickness of the thickest
forging in the batch to be represented

KM-232 TENSILE TEST PROCEDURE

Tensile testing of all materials except aluminum alloys
shall be carried out in accordance with SA-370. Aluminum
alloys shall be tested in accordance with ASTM B557.

KM-233 IMPACT TEST PROCEDURE

Charpy V-notch impact testing shall be carried out in
accordance with SA-370 using the standard 10 mm
x 10 mm specimens, except as permitted in KM-212.
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Table KM-234.2(a)

(25) Minimum Required Charpy V-Notch Impact Values for

Pressure-Retaining Component Materials

Energy, ft-1bf (J) [Note (3)]
for Specified Minimum
Yield Strength, ksi (MPa)

Specimen Number of Over
Orientation Specimens Up to 135 135
[Note (1)] [Note (2)] (930), Incl. (930)
Transverse Average for 3 30 (41) 35 (47)
[Note (4)] Minimum for 1 24 (33) 28 (38)
Longitudinal Average for 3 50 (68) 60 (81)
[Note (5)] Minimum for 1 40 (54) 48 (65)

GENERAL NOTE: This table applies to all pressure-retaining mate-
rials, except castings (see Table KM-8-1), protective liners (see
KD-103), inner layers of shrink-fit layered vessels and wire-
wound vessels [see KD-810(f) and KD-931, respectively], bolting
[see Table KM-234.2(b)], and aluminum alloys listed in Table
KM-400-4 (Table KM-400-4M).

NOTES:

(1) Specimen orientation is relative to the direction of maximum
elongation during rolling or to the direction of major working
during forging, as applicable. See KM-212.

See KM-260 for permissible retests.

Energy values in this table are for standard size specimens. For
subsize specimens, these values shall be multiplied by the ratio of
the actual specimen width to that of a full-size specimen, 0.4 in.
(10 mm).

The acceptance criteria for all weld metal and heat-affected zone
impact specimens shall be identical to those for transverse impact
specimens.

Except for components containing welds, longitudinal impaet
specimens may be tested only if component shape Or size
does not permit the removal of transverse specimens. See
KM-212.

(2
3)

4)

()

KM-234 CHARPY V-NOTCH IMPACT TEST
REQUIREMENTS

KM-234.1 Impact Test Temperature.

(a) The impact test temperature shall not exceed the
lower of 70°F (21°C).or the minimum design metal
temperature specified in the User’s Design Specification
[see KG-311.4(d)] minus the appropriate temperature
reduction value specified in Table KM-212, if applicable.

(b) For-impulsively loaded ferritic vessels, the impact
test temperature in (a) shall be reduced by 108°F (60°C)
unless~the designer can demonstrate by calculation or
experiment that a higher temperature can be justified;
any such justification shall be included in the User’s
Design Specification.

(c) The minimum design metal temperature for pres-
sure-retaining component materials exempted from
impact testing by KM-212.1(c), KM-212.2(d), or
KM-212.3(c) shall not be lower than -325°F (-198°C)

for fully austenitic stainless steels, or -55°F (-48°C)
for other materials.

KM-234.2 Absorbed Energy Acceptance Criteria.

(a) Pressure-retaining component materials other
than bolting shall meet the minimum Charpy V-notch
impact value requirements specified in
Table KM-234.2(a) unless exempted by KD-810(f) and
KD-931.

(b) Bolting materials shall meet the minimum CHarpy
V-notch impact value requirements specified in
Table KM-234.2(b).

KM-234.3 Lateral Expansion and Percentage Shear
Reporting Requirements. The lateral~expansion and
percentage of shear fracture for all impact tests shall
be measured in accordance with SA-370 and the
results included in the test report.

KM-234.4 ADDITIONAL-TOUGHNESS TESTING

Additional toughness testing in accordance with
KM-250 is not required, provided that the toughness
testing performedhere is in the worst-case direction rela-
tive to the direction of maximum elongation during rolling
or to theydirection of major working during forging.

KM-240 HEAT TREATMENT CERTIFICATION/
VERIFICATION TESTS FOR
FABRICATED COMPONENTS

Tests shall be made to verify that all heat treatments
(i.e., quenching and tempering, solution annealing,
aging, and any other subsequent thermal treatments
that affect the material properties) as applicable have
produced the required properties. Where verification
tests shall be made from test specimens representative
of the section being heat treated, the position and
method of attachment of test coupons shall most
nearly represent the entire item, taking into account
its size and shape in accordance with testing requirements
of the material specification. The requirements of KM-243
shall also apply.

KM-241 CERTIFICATION TEST PROCEDURE

(a) A sufficient number of test coupons to meet the re-
quirements of KM-243 shall be provided from each lot of
material in each vessel. These shall be quenched with the
vessel or vessel component. If material from each lot is
welded prior to heat treatment to material from the
same or different lots in the part to be quenched, the
test coupon shall be so proportioned that tensile and
impact specimens may be taken from the same locations
relative to thickness as are required by the applicable
material specifications. Weld metal specimens shall be
taken from the same locations relative to thickness as
are required by the material specifications for plates
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Table KM-234.2(b)
Minimum Required Charpy V-Notch Impact Values for Bolting Materials

Energy, ft-1bf (J) [Note (1)] for Specified

Specimen 8)) ! i
ASME Materials Orientation Nominal Bolt Size, Number of Minimum Yield Strength, ksi (MPa)
Specification [Note (2)] in. (mm) Specimens Upto 135 (930), Incl. Over 135 (930)
SA-320 Longitudinal <2 (50) [Note (3)] [Note (3)] Not applicable
All others Longitudinal All Average for 3 30 (41) 35 (47)
[Note (4)] Minimum for 1 24 (33) 28 (38)
[Note (5)]
NOTES:

(1) Energy values in this table are for standard size specimens. For subsize specimens, these values shall be multiplied by the fatio of the actual
specimen width to that of a full-size specimen, 0.4 in. (10 mm).

(2) Specimen orientation is relative to the axis of the bolt.

(3) The requirements of ASME SA-320, including the temperature to be used for impact testing, shall apply.
(4) Charpy V-notch impact testing is not required for nuts and washers.

(5) See KM-260 for permissible retests.

used in the componentto be treated. If desired, the effect of
this distance may be achieved by temporary attachment of
suitable thermal buffers. The effectiveness of such buffers
shall be demonstrated by tests.

(b) Incases where the test coupon is notattached to the
partbeing treated, it shall be quenched from the same heat
treatment charge and under the same conditions as the
part which it represents. It shall be so proportioned that
test specimens may be taken from the locations prescribed
in (a).

KM-242 TEMPERING

KM-242.1 Attached Test Coupons. The test coupons
shall remain attached to the vessel or vessel component
during tempering, except that any thermal‘buffers may be
removed after quenching. After the tempering operation
and after removal from the component,‘the coupon shall
be subjected to the same thermal Areatment(s), if any, to
which the vessel or vessel component will be later
subjected. The holding timé-at temperature shall not
be less than that applied to the vessel or vessel component
(except that the total time at each temperature may be
applied in one heating“cycle) and the cooling rate shall
not be faster.

KM-242.2.Separate Test Coupons. The coupons that
are quenched separately, as described in KM-241(b),
shall be tempered similarly and simultaneously with
the vessel or component which they represent. The condi-
tions for subjecting the test coupons to subsequent
thermal treatment(s) shall be as described in KM-242.1.

KM-243 NUMBER OF TESTS

One tensile test and one impact test, consisting of three
impact test specimens, shall be made on material from
coupons representing each lot of material in each
vessel or vessel component heat treated. A lot is
defined as material from the same heat, heat treated

simultaneously and having thicknesses within +20% or
1/, in. (13 mm) ‘of nominal thickness, whichever is
smaller.

(a) Coupaons not containing welds shall meet the
complete tensile requirements of the material specifica-
tion and_impact requirements of this Part.

(b)€oupons containing weld metal shall be tested
acress the weld and shall meet the required mechanical
property requirements of the material specification; in
addition, the minimum impact requirements shall be
met by samples with notches in the weld metal. The
form and dimension of the tensile test specimen shall
conform to Section IX, Figure QW-462.1(a) or Figure
QW-462.1(d). Charpy impact testing shall be in accor-
dance with the requirements of Article KT-2.

KM-250 ADDITIONAL TOUGHNESS
REQUIREMENTS FOR PRESSURE-
RETAINING COMPONENT
MATERIALS

Where a fracture mechanics evaluation in accordance
with Article KD-4 is to be conducted, a value of K}, is
required for the analysis. For aluminum alloys listed in
Table KM-400-4 (Table KM-400-4M), the designer may
use 23 ksi-in.’/? (25 MPa-m'/?) as the value of K.
without additional testing. Otherwise, the designer
shall specify the minimum value of K. required and
shall indicate which of the methods given in KM-251
through KM-254 are to be used to verify that the material
meets this value.

(a) The designer shall specify the number, location, and
orientation of the additional tests.

(b) The orientation of the direction of crack propaga-
tion for all test coupons shall be the same as the direction
of crack propagation expected in the fracture mechanics
analysis conducted in accordance with Article KD-4. Varia-
tion of fracture toughness through the thickness of a

(25)
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component shall be considered to ensure the toughness
used in Article KD-4 is representative of the material at the
location being considered.

(c) Additional toughness testing, in addition to the
required testing in KM-234, is not required, provided
that the toughness testing performed is the worst-case
direction relative to the direction of maximum elongation
during rolling or to the direction of major working during
forging.

(d) The fracture toughness used in Article KD-4 for
each crack orientation shall be a correlated value from
the testing performed in accordance with one of the
methods in KM-251 through KM-254, provided:

(1) thetestingislocated atadepth equalto or greater
than the depth of the critical flaw size in each location of
the forging

(2) the testing is from a section of equal or greater
thickness as the flaws being analyzed in Article KD-4

KM-251 CHARPY V-NOTCH IMPACT TESTING

The designer may require that the pressure-retaining
component meet minimum Charpy V-notch absorbed
energy values that are greater than those specified in
KM-234.2 in order to verify compliance with the
minimum K;. value. If additional impact testing is
conducted, it shall be performed in accordance with
SA-370 and be conducted at a temperature not exceeding
the impact test temperature specified in KM-234.1. It shall
be the designer’s responsibility to determine and specify
the appropriate K;.~CVN conversion equation, in compli-
ance with API 579-1/ASME FFS-1, to be used to ascertain
the Charpy V-notch acceptance criterion.

The Charpy V-notch impact values spégified in
KM-234.2 are established at upper shelf energy levels
that are required for most high-strength, low-alloy
steels. The designer does not need to.previde any test in-
formation to use upper shelf correlations for these mate-
rials.

KM-252 CTOD FRACTURE TOUGHNESS TESTING

The designer may require that CTOD (crack tip opening
displacement) testing-of the high pressure-retaining
component be conducted to determine the critical
crack tip openiing displacement CTOD or d., and to
verify compliance with the minimum K. value. If CTOD
testing is required, it shall be performed in accordance
with ASTM E1820, and be conducted at a temperature
not{exceeding the impact test temperature specified in
KM:234.1. The temperature reduction values given in
Table KM-212 do not apply. The equivalent K;. value
(or K.s) shall be computed from CTOD data using API
579-1/ASME FFS-1, Equation (9F.29).

KM-253 J-INTEGRAL FRACTURE TOUGHNESS
TESTING

The designer may require that J-integral testing of the
pressure-retaining component be conducted to determine
the critical value of the J-integral or J.., and to verify
compliance with the minimum K. value. If J-integral
testing is required, it shall be performed in accordance
with ASTM E1820 and shall be conducted at a temperature
not exceeding the impact test temperature specified in
KM-234.1. The temperature reduction values, giveh in
Table KM-212 do not apply. The equivalent K,
denoted as K, shall be computed from JoUsing API
579-1/ASME FFS-1, Equation (9F.27).

KM-254 K,c FRACTURE TOUGHNESS TESTING

The designer may require that direct K. testing of the
pressure-retaining component be conducted to verify
compliance with the spécified minimum K. value. If
such testing is required,(it shall be performed in accor-
dance with ASTM E399 and shall be conducted at a
temperature not.execeeding the impact test temperature
specified in KM-234.1. The temperature reduction values
given in Table KM-212 do not apply.

KM-260 RETESTS
KM-261 GENERAL RETEST REQUIREMENTS

The following retest requirements apply to tension,
Charpy V-notch impact, and notch tensile tests, and to
CTOD, J-integral, and K. fracture toughness tests.

(a) If any test specimen fails to meet the applicable
acceptance criteria for mechanical reasons, such as test
equipment malfunction or improper specimen prepara-
tion, the results may be discarded and another represen-
tative specimen may be substituted.

(b) If any test specimen fails to meet the applicable
acceptance criteria for nonmechanical reasons, two repre-
sentative specimens as close to the original specimen loca-
tion as possible may be selected for retesting without
reheat treatment, provided the failure was not caused
by preexisting material defects such as ruptures,
flakes, or cracks. Both of these specimens shall meet
the applicable acceptance criteria (see KM-262 for
Charpy V-notch impact retests).

(c) Only one retesting is permitted. If the material fails
the retest, it may be retempered or reheat treated, as nec-
essary.

KM-262 SPECIAL CHARPY V-NOTCH IMPACT
RETEST REQUIREMENTS

(a) A Charpy V-notch impact retest is permitted if the
average absorbed energy value meets the applicable
acceptance criteria but the absorbed energy value for
one specimen is below the specified minimum for

(25)

(25)
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individual specimens. The retesting shall consist of two
representative impact specimens removed from alocation
adjacent to and on either side, if possible, of the original
specimen location. Each of the retest specimens shall
exhibit an absorbed energy value equal to or greater
than the minimum average value.

(b) Only one retesting is permitted. If the material
fails the retest, it may be retempered or reheat
treated, as necessary.

KM-270 NOTCH TENSILE TESTING
PROCEDURE AND ACCEPTANCE
CRITERION

Material listed in Table KM-400-4 (Table KM-400-4M)
shall be qualified by the following notch tensile test:

(a) The sharp-notch strength/yield strength ratio shall
be determined for flat or round specimens specified
below. Specimens shall be cut from a production
vessel. Two specimens from a production vessel shall
be tested to qualify a single heat of material. The specimen
samples shall be obtained from the production vessel after
all forming and heat treating is completed.

(b) The geometry of the specimen shall meet the
dimensional requirements of Figure KM-270.1 (Figure
KM-270.1M) for flat specimens or Figure KM-270.2
(Figure KM-270.2M) for round specimens. For Figure
KM-270.1 (Figure KM-270.1M) specimen, head area
may be reinforced using the plate dimensions shown
in Figure KM-270.3 (Figure KM-270.3M). The specimen
shall be cut so that the longitudinal axis of the spedimen
is parallel to the longitudinal axis of the veSsel. The
following exemptions to the dimensional’'bequirements
of the above specimens may be applied:

(1) For Figure KM-270.1 (Figure KM-270.1M)
specimen, the test section widthZless than 2 in. (50
mm) may be used; however,*the ratio of the notch

depth to specimen net ligament width shall be not less
than 0.25in. (6.35 mm). The specimen thickness limitation
in the test section need not be satisfied.

(2) For Figure KM-270.3 (Figure KM-270.3M)
specimen, the test section diameter less than 0.5 in.
(12.5 mm) may be used; however, the ratio of notch
depth to the specimen net ligament diameter shall.bé
not less than 0.25 in. (6.35 mm).

(c) The tensile test method specified in ASTM"B557
shall be used in measuring the fracture load P of each
specimen. Notch strength (NS) shall be“calculated
using the following equation:

NS = P/A (KM-270.1)
where
A = netcross-section afeaat notch location, in.? (mm?)
NS = notch strength, psi*(MPa)
P = minimum fracture load measured, lbf (N)

(d) Perform ASTM B557 tensile test to measure yield
strength. Twe'specimens from a production vessel shall be
tested to qualify a single heat of material. Test specimen
geometry shall meet ASTM B557. The samples shall be
obtained from the production vessel after all forming
and<heat treating are completed.

(e) Calculate notch strength ratio using the following
€quation:

NSR = NS/YS (KM-270.2)
where
NS = notch strength [see (c)], psi (MPa)
NSR = notch strength ratio
YS = minimum yield strength [see (d)], psi (MPa)

(f) Acceptance criterion: NSR shall be not less than 0.9.
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Figure KM-270.1
Machine Sharp Edge-Notch Specimen

21.00 ref. 0.002 max.
clearance with loading pin

Surfaces must be symmetric to center line within 0.002

? L1 = L2 within +0.005
L1

60 deg

N[N

5 O+

00

V-notch radius
0.0007 max. L2

4.25 [Note (1)] —£—=—1.75—

12.0 or 8.0

Figure KM-270.1M
(25) Machine Sharp‘Edge-Notch Specimen

225 ref. 0.05 max.
clearance with loading pin

Surfaces must be symmetric to center line within 0.05

? L1 = L2 within £0.13
L1

60 deg

e S s -

V-notch radius
0.018 max. L2

106 [Note (1)] 44

300 or 200

0.25 max.

6 max.
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Figure KM-270.2
Reinforcing Plate for Specimen Head

3 holes .25 ref. 0.010 max.

. . clearance with pins
21.00 ref. specimen hole size

|
N
|

. 1.0 1.25
Specimen
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225 ref. specimen hole size

3 holes @6 ref. 0.25 max.
clearance with pins

Figure KM-270.2M
Reinforcing Plate for Specimen Head

Specimen

25

32

45

83
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Figure KM-270.3
Standard Test Sections

60 deg
+ 5 deg
- D ——— -+ +-+—-——-—d[Note (1)] - -——-——-—+¢
V-notch radius 0.0007
L

Figure KM-270:3M
Standard Test Sections

60 deg
+ 5 deg
-—_ Yy -+t -+—-—-—d[Note (1) ' -—-—-——
V-notch radius 0.018
L
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ARTICLE KM-3
SUPPLEMENTARY REQUIREMENTS FOR BOLTING

KM-300 REQUIREMENTS FOR ALL BOLTING
MATERIALS

KM-301 SCOPE

In this Division, bolting includes the following metallic
fasteners: bolts, stud bolts, studs, cap screws, nuts, and
washers.

KM-302 MATERIAL SPECIFICATIONS AND YIELD
STRENGTH VALUES

Specifications and supplementary rules for acceptable
bolting materials are specified in Tables KM-400-1
through KM-400-3 (Tables KM-400-1M through
KM-400-3M). Yield strengths at temperature for these
bolting materials are specified in Section II, Part D,
Subpart 1, Table Y-1. These product forms listed for
bolting shall not be used for applications other than
bolting (see KM-100).

KM-303 EXAMINATION OF BOLTS, STUDS, AND
NUTS

Bolts, studs, and nuts shall be examined in aecordance
with KE-260.

KM-304 THREADING AND MACHINING OF STUDS

Threading and machining of studs shall meet the re-
quirements of KD-624.

KM-305 USE OF WASHERS

The use of washers is optional. When used; they shall be
of wrought material.

KM-306 MATERIALS FOR NUTS )AND WASHERS

Materials for steel nuts and/washers shall conform to
SA-194 or to the requirements\fof nuts in the specification
for the bolting material with*which they are to be used.

KM-307 REQUIREMENTS FOR NUTS

Nuts shall be,'semifinished, chamfered, and trimmed.
Nuts shall be threaded to Class 2B or finer tolerances
according to.ASME B1.1.

KM-307.1 Use With Flanges. For use with flanges, nuts
shall conform at least to the dimensions specified in ASME
B18:2.2 for Heavy Series Nuts.

KM-307.2 Use With Other Connections. For use with
connections designed in accordance with the rules in
Part KD, nuts may be of the Heavy Series or they may
be of other dimensions provided their static and
fatigue strengths are sufficient to maintain the integrity
of the connection. Due consideration shall be given to bolt
hole clearance, bearing area, thread form, class of fit,
thread shear, and radial thrust from threads.

KM-307.3 Depth of Engagement. Nuts shall engage the
threads for the full depth of the nut.

KM-307.4 Special Design. Nuts of special design may
be used provided their strength meets the requirements of
KM-307.2.
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ARTICLE KM-4
MATERIAL DESIGN DATA

(25) KM-400 CONTENTS OF TABLES OF MATERIAL

DESIGN DATA

(a) Vessels fabricated in accordance with the rules of
this Division shall be built using the materials listed in the
following tables unless specifically exempted by this Divi-
sion:

(1) Table KM-400-1 (Table KM-400-1M)
(2) Table KM-400-2 (Table KM-400-2M)
(3) Table KM-400-3 (Table KM-400-3M)
(4) Table KM-400-4 (Table KM-400-4M)

The P-Numbers and Group Numbers listed for some of
the materials in these tables are for information only. For
welded construction in this Division, Section IX, Table
QW/QB-422 shall be consulted for P-Numbers and
Group Numbers. When there is a conflict in P-Number
or Group Number, the numbers in Section IX shall govern.

(b) Limitations on the use of materials are contained in
Notes to Tables KM-400-1 through KM-400-4 (Tables
KM-400-1M through KM-400-4M).

(c) Material property data for all materials thatmay be
used under the rules of this Division are specified in the
following tables in Section II, Part D:

(1) Yield Strengths, S, are specified in Section II, Part
D, Subpart 1, Table Y-1.

(2) Tensile Strengths, S, are specified,in-Section II,
Part D, Subpart 1, Table U.

(3) Coefficients of thermal expansienare specified in
Section II, Part D, Subpart 2, Tables TE-1 and TE-4.

(4) Moduliof elasticity are specified in Section 11, Part
D, Subpart 2, Tables TM-1 and.TM-4.

(5) Coefficients of thermal diffusivity are specified in
Section II, Part D, Subpart.2, Table TCD.

(d) With the publication of the 2004 Edition, Section II
Part D is publishedyas two separate publications. One
publication contains values only in U.S. Customary
units and the‘other contains values only in SI units.
The selectionof the version to use is dependent on the
set of units selected for construction.

(e)~Where specifications, grades, classes, and types are
refeérenced, and where the material specification in
Section 1I, Part A or Part B is a dual-unit specification
(e.g., SA-516/SA-516M), the design values and rules
shall be applicable to either the U.S. Customary version
of the material specification or the SI unit version of
the material specification. For example, when SA-516M
Grade 485 is used in construction, the design values
listed for its equivalent SA-516, Grade 70, in either the
U.S. Customary or metric, Section II, Part D (as appro-
priate) shall be used.
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Table KM-400-1

Carbon and Low Alloy Steels

Specified Max,|
Class/ Min. Specified Desig
Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp
Composition Form Spec. No. Grade UNS No. Temper in. No. No. ksi ksi Notes °F
Carbon steel Pipe SA-106, A K02501 1 1 48 30 700
Carbon steel Plate SA-516 60 K02100 1 1 60 32 700
Carbon steel Pipe SA-106 B K03006 1 1 60 35 700
Carbon steel Smls. pipe SA-333 K03006 1 1 60 35 700
Carbon steel Plate SA-516 65 K02403 1 1 65 35 700
Carbon steel Plate SA/EN S355]2+N 248 <t <3.15 68.2 47.1 (13)(24) 100
10025-2
Carbon steel Plate SA/EN S355]2+N 1.57 <t <248 68.2 48.6 (13)(24) 100
10025-2
Carbon steel Plate SA/EN S355J2+N 0.63 <t =< 1.57 68.2 50.0 (13)(24) 100
10025-2
Carbon steel Plate SA/EN S355]J2+N 0.12 <t<0.63 68.2 51.5 (13)(24) 100
10025-2
Carbon steel Forgings SA-350 LF2 K03011 1 2 70 36 700
Carbon steel Forgings SA-105 K03504 1 2 70 36 700
Carbon steel Plate SA-516 70 K02700 1 2 70 38 700
Carbon steel Pipe SA-106 C K03501 1 2 70 40 700
Carbon steel Forgings SA-765 v K02009 1 3 80 50 600
Carbon steel Plate SA/EN S355]2+N <0.12 74 51.5 (13)(24) 100
10025-2
Carbon steel Plate SA-738 B K12007 1 3 85 60 600
Carbon steel Plate SA-724 A K11831 1 4 90 70 700
Carbon steel Plate SA-724 C K12037 1 4 90 70 700
Carbon steel Plate SA-724 B K12031 1 4 95 75 700
Carbon steel Flat wire SA-905 2 0.059 246 210 (1)(2)(16) 100
Carbon steel Flat wire SA-905 2 0.051 250 214 1)(2)(16) 100
Carbon steel Flat wire SA-905 2 0.040 256 221 (D(2)(16) 100
Carbon steel Flat wire SA-905 2 0.030 262 226 1)(2)(16) 100
Carbon steel Flat wire SA-905 2 0.020 268 232 (1)(2)(16) 100
Carbon steel Flat wire SA-905 1 0.059 275 239 1)(2)(16) 200
Carbon steel Flat wire SA-905 1 0.051 280 243 (D(2)(16) 200
Carbon steel Flat wire SA-905 1 0.040 285 250 1)(2)(16) 200
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Table KM-400-1

Carbon and Low Alloy Steels (Cont’d)

Specified Max,

Class/ Min. Specified Desig

Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp
Composition Form Spec. No. Grade UNS No. Temper in. No. No. ksi ksi Notes °F

Carbon steel Flat wire SA-905 1 0.030 290 255 (1)(2)(16) 200

Carbon steel Flat wire SA-905 1 0.020 296 260 (1)(2)(16) 200

Carbon steel Plate SA-841 A 1 <25 1 2 70 50 (23) 650

Carbon steel Plate SA-841 2 <2.5 1 3 80 60 (23) 650

Carbon steel Plate SA-841 6 <1Y, 3 3 82 70 (23) 150

Carbon steel Plate SA-841 F 7 <1 3 3 86 75 (23) 150

Carbon steel Bolt SA-354 BC K04100 2% <ts<4 115 99 650

Carbon steel Bolt SA-354 BC K04100 1/4 <t< 21/2 125 109 650

Carbon steel Bolt SA-354 BD K04100 2% <t<4 140 115 650

Carbon steel Bolt SA-354 BD K04100 Y <t<2Y% 150 130 (16) 650

C-Y,Mo Bolt SA-320 L7A G40370 <2Y 125 105 100

A Pipe SA-335 P1 K11522 3 55 30 700

/ZCr—l/SMo—V Plate SA-517 B K11630 5114 11B 4 115 100 3) 700

,Cr-Y,Mo-Si Plate SA-517 K11856 <1Y% 11B 115 100 3) 700
7Cr-1.5Si Wire SA-401 9254 G92540 0.032 300 (13)(19)(20)(21)(22) 100

(25)

D.7Cr-1.5Si Wire SA-401 9254 G92540 0.041 298 (13)(19)(20)(21)(22) 100
7Cr-1.5Si Wire SA-401 9254 G92540 0.054 292 (13)(19)(20)(21)(22) 100
.7Cr-1.5Si Wire SA-401 9254 G92540 0.062 290 (13)(19)(20)(21)(22) 100

(25)
7Cr-1.5Si Wire SA-401 9254 G92540 0.080 285 (13)(19)(20)(21)(22) 100
7Cr-1.5Si Wire SA-401 9254 G92540 0.092 280 (13)(19)(20)(21)(22) 100
7Cr-1.5Si Wire SA-401 9254 (92540 0.120 275 (13)(19)(20)(21)(22) 100
(25)
D.7Cr-1.5Si Wire SA-401 9254 G92540 0.135 270 (13)(19)(20)(21)(22) 100
25
.7Cr-1.5Si Wire SA-401 9254 G92540 0.162 265 (13)(19)(20)(21)(22) 100
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Table KM-400-1

Carbon and Low Alloy Steels (Cont’d)

Specified Max,|
Class/ Min. Specified Desig
Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp
Composition Form Spec. No. Grade UNS No. Temper in. No. No. ksi ksi Notes °F
.7Cr-1.5Si Wire SA-401 9254 G92540 0.177 260 (13)(19)(20)(21)(22) 100
7Cr-1.5Si Wire SA-401 9254 G92540 0.192 260 (13)(19)(20)(21)(22) 100
D.7Cr-1.5Si Wire SA-401 9254 G92540 0.219 255 (13)(19)(20)(21)(22) 100
(25)
.7Cr-1.5Si Wire SA-401 9254 G92540 0.250 250 (13)(19)(20)(21)(22) 100
|l Cr-"sMo Bolt SA-193 B7 G41400 4<ts7 100 75 650
L Cr-"sMo Bolt SA-320 L7M G41400 2% 100 80 4) 100
|l Cr-"sMo Bolt SA-193 B7 G41400 2% <ts<4 115 95 650
| Cr-YMo Forgings SA-372 E K13047 70 120 70 (5)(6) 700
1 Cr-"Mo Forgings SA-372 F G41350 70 120 70 (5)(6)(7) 700
L Cr-Y%Mo Forgings SA-372 ] K13548 70 120 70 (5)(6)(7) 650
L Cr-"sMo Bolt SA-193 B7 G41400 2% 125 105 650
| Cr-"sMo Bolt SA-320 L7 G41400 <2 125 105 4) 650
L Cr-%Mo Forgings SA-372 J G41370 110 135 110 (6)(7)(8)(16) 650
| Cr-Y%Mo Bolt SA-574 4137 G41370 5% 170 135 (13)(16) 550
| Cr-Y4Mo Bolt SA-574 4137 G41370 <Y 180 140 (13)(16) 550
1Cr-Y,Si-V Wire SA-231 oil 0.500 190 (16)(19)(20)(21)(22) 100
I Cr-,Si-vV Wire SA-232 oil 0.500 190 (16)(19)(20)(21)(22) 100
LCr-Y,Si-V Wire SA-231 oil 0.438 195 (16)(19)(20)(21)(22) 100
ICr-Y,Si-V Wire SA-232 oil 0.438 195 (16)(19)(20)(21)(22) 100
1Cr-Y,Si-V Wire SA-231 oil 0.375 200 (16)(19)(20)(21)(22) 100
I Cr-,Si-V Wire SA-232 oil 0.375 200 (16)(19)(20)(21)(22) 100
1 Cr-Y,Si-V Wire SA-231 oil 0.312 208 (16)(19)(20)(21)(22) 100
LCr-Y,Si-V Wire SA-232 oil 0.312 203 (16)(19)(20)(21)(22) 100
1Cr-Y,Si-V Wire SA-231 oil 0.283 205 (16)(19)(20)(21)(22) 100
I Cr-,Si-V Wire SA-232 oil 0.283 205 (16)(19)(20)(21)(22) 100
1 Cr-Y,Si-V Wire SA-231 oil 0.244 210 (16)(19)(20)(21)(22) 100
LCr-Y,Si-V Wire SA-232 oil 0.244 210 (16)(19)(20)(21)(22) 100
LCr-Y,Si-V Wire SA-231 oil 0.192 220 016)(19)(20)(21)(22) 100
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Table KM-400-1

Carbon and Low Alloy Steels (Cont’d)

Specified Max,
Class/ Min. Specified Desig
Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp
Composition Form Spec. No. Grade UNS No. Temper in. No. No. ksi ksi Notes °F
LCr-Y,Si-V Wire SA-232 oil 0.192 220 (16)(19)(20)(21)(22) 100
1Cr-Y,Si-V Wire SA-231 oil 0.162 225 (16)(19)(20)(21)(22) 100
I Cr-,Si-V Wire SA-232 oil 0.162 225 (16)(19)(20)(21)(22) 100
1 Cr-Y,Si-V Wire SA-231 oil 0.135 235 (16)(19)(20)(21)(22) 100
LCr-Y,Si-V Wire SA-232 oil 0.135 235 (16)(19)(20)(21)(22) 100
1Cr-Y,Si-V Wire SA-231 oil 0.105 245 (16)(19)(20)(21)(22) 100
I Cr-,Si-V Wire SA-232 oil 0.105 245 (16)(19)(20)(21)(22) 100
1 Cr-Y,Si-V Wire SA-231 oil 0.080 255 (16)(19)(20)(21)(22) 100
LCr-Y,Si-V Wire SA-232 oil 0.080 255 (16)(19)(20)(21)(22) 100
ICr-Y,Si-V Wire SA-231 oil 0.062 265 (16)(19)(20)(21)(22) 100
1Cr-Y,Si-V Wire SA-232 oil 0.062 265 (16)(19)(20)(21)(22) 100
I Cr-",Si-V Wire SA-231 oil 0.054 270 (16)(19)(20)(21)(22) 100
LCr-Y,Si-V Wire SA-232 oil 0.054 270 (16)(19)(20)(21)(22) 100
LCr-Y,Si-V Wire SA-231 oil 0.041 280 (16)(19)(20)(21)(22) 100
1Cr-Y,Si-V Wire SA-232 oil 0.0%1 280 (16)(19)(20)(21)(22) 100
1Cr-Y,Si-V Wire SA-231 oil 0.032 290 (16)(19)(20)(21)(22) 100
LCr-,Si-V Wire SA-232 oil 0.032 290 (16)(19)(20)(21)(22) 100
LCr-Y,Si-V Wire SA-231 oil 0.020 300 (16)(19)(20)(21)(22) 100
1Cr-Y,Si-V Wire SA-232 oil 0.020 300 (16)(19)(20)(21)(22) 100
| Cr-"/,Mo-V Bolt SA-193 B16 K14072 4<t<8 100 85 700
| Cr-Y,Mo-V Bolt SA-193 B1l6 K14072 2% <t<4 110 95 700
| Cr-",Mo-V Bolt SA-193 B16 K14072 2% 125 105 700
1 Y/,Cr-/,Mo-Si Pipe SA-335 P11 K11597 4 1 60 30 700
13,Cr-Y5Mo-Ti Plate SA-517 E K21604 2% <t<6 11B 2 105 90 €) 700
13/, Cr-",Mo-Ti Plate SA-517 E K21604 <2 11B 2 115 100 700
pY/,Cr-1Mo Pipe SA-335 P22 K21590 5A 1 60 30 (15) 700
b/, Cr-1Mo Forgings SA-336 F22 K21590 3 5A 1 75 45 (15) 700
bY/,Cr-1Mo Plate SA-387 22 K21590 2 5A 1 75 45 (15) 700
pY/,Cr-1Mo Forgings SA-508 22 K21590 3 5C 1 85 55 (15) 700
pY/,Cr-1Mo-V Forgings SA-336 F22v K31835 5C 1 85 60 (15) 700
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Table KM-400-1

Carbon and Low Alloy Steels (Cont’d)

Specified Max,|
Class/ Min. Specified Desig
Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp
Composition Form Spec. No. Grade UNS No. Temper in. No. No. ksi ksi Notes °F
pY,Cr-1Mo-V Forgings SA-182 F22V K31835 5C 1 85 60 (15) 700
pY/,Cr-1Mo-V Forgings SA-541 22V K31835 5C 1 85 60 (15) 700
pY/,Cr-1Mo-V Plate SA-542 D K31835 4a 5C 1 85 60 (15) 700
pY/,Cr-1Mo-V Plate SA-832 2V K31835 5C 1 85 60 (15) 700
BCr-1Mo-Y,V-Ti-B Forgings SA-336 F3V: K31830 5C 1 85 60 (15) 700
BCr-1Mo-Y,V-Ti-B Plate SA-832 21V K31830 5C 1 85 60 (15) 700
n-%Mo-",Ni Plate SA-533 D K12529 3 11A 4 100 83 700
Mn-'/,Mo- Y, Ni Plate SA-533 B K12539 3 11A 4 100 83 700
Mn-"/,Mo-¥,Ni Plate SA-533 C K21554 2 3 3 90 70 700
Mn-4,Ni-V Plate SA-225 C K12524 10A 1 105 70 (11) 700
/,Ni-Y,Cr-%Mo-V Plate SA-517 F K11576 <2l 11B 3 115 100 (12) 700
P/,Ni-Y,Mo-"4Cr-v Forgings SA-508 2 K12766 1 3 3 80 50 700
/,Ni-',Mo-Cr-V Forgings SA-508 3 K12042 1 3 3 80 50 700
P/,Ni-1Cu-¥,Cr Plate SA-736 A 3 <2 85 75 650
/,Ni-1Cu-¥,Cr Plate SA-736 A 3 2<t<4 75 65 650
il Y/,Ni-1Cr-'4Mo Plate SA-517 P K21650 2% < 4 11B 8 105 90 (9) 700
L Y/, Ni-1Cr-%Mo Plate SA-517 p K21650 <2, 11B 8 115 100 700
1%/, Ni-%/,Cr-"Mo Bolt SA-320 L43 G43400 <4 125 105 700
1%/,Ni-3,Cr-%,Mo Bolt SA-574 4340 G43400 >% 170 135 (13)(16) 550
13/,Ni-%/,Cr-%,Mo Bolt SA-574 4340 G43400 <% 180 140 (13)(16) 550
bNi-%,Cr-%,Mo Bolt SA-540 B23 H43400 5 6<t<9% 115 100 700
DNi-3/,Cr-%,Mo Bolt SA-540 B23 H43400 5 <6 120 105 700
PNi-3/,Cr-,Mo Bolt SA-540 B23 H43400 4 <9% 135 120 (16) 700
PNi-3/,Cr-Y,Mo Bolt SA-540 B23 H43400 3 <9, 145 130 (16) 700
bNi-3,Cr-"%Mo Bolt SA-540 B24 K24064 5 6<t<9Y 115 100 700
DNi-3/,Cr-%Mo Bolt SA-540 B24 K24064 5 <6 120 105 700
PNi-3/,Cr-%Mo Bolt SA-540 B24 K24064 4 <9% 135 120 (16) 700
PNi-3/,Cr-%4Mo Bolt SA-540 B24 K24064 3 <9% 145 130 (16) 700
PNi-1%,Cr-Y,Mo-V Forgings SA-723 1 K23550 1 115 100 (13)(14)(18) 800
PNi-1%,Cr-Y,Mo-V Forgings SA-723 1 K23550 2 135 120 (13)(14)(16)(18) 800
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Table KM-400-1

Carbon and Low Alloy Steels (Cont’d)

Specified Max,
Class/ Min. Specified Desig
Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp
Composition Form Spec. No. Grade UNS No. Temper in. No. No. ksi ksi Notes °F
PNi-1%,Cr-Y,Mo-V Forgings SA-723 1 K23550 2a 145 130 (13)(14)(16)(18) 800
PNi-1%,Cr-"Mo-V Forgings SA-723 1 K23550 3 155 140 (13)(14)(16)(17)(18) 800
DNi-1%Cr-Y,Mo-V Forgings SA-723 1 K23550 4 175 160 (10)(13)(16) 700
PNi-1%,Cr-Y,Mo-V Forgings SA-723 1 K23550 5 190 180 (10)(13)(16) 700
b3/,Ni-1Y,Cr-%Mo Plate SA-543 C K42338 1 11A 5 105 85 650
P/, Ni-1",Cr-"4Mo Plate SA-543 o K42338 2 11B 10 115 100 650
b3/, Ni-1%Cr-"/,Mo-V Forgings SA-723 2 K34035 1 115 100 (13)(14)(18) 800
b3/,Ni-1%Cr-%Mo-V Forgings SA-723 2 K34035 2 135 120 (13)(14)(16)(18) 800
p3/,Ni-1Y%,Cr-'/,Mo-V Forgings SA-723 2 K34035 2a 145 130 (13)(14)(16)(18) 800
b3/, Ni-1%Cr-/,Mo-V Forgings SA-723 2 K34035 3 155 140 (13)(14)(16)(17)(18) 800
D3/,Ni-1%,Cr-1/,Mo-V Forgings SA-723 2 K34035 4 175 160 (10)(13)(16) 700
b3/, Ni-1%Cr-"%Mo-V Forgings SA-723 2 K34035 5 190 180 (10)(13)(16) 700
BNi-1%,Cr-'4Mo Plate SA-543 K42339 1 11A 5 105 85 650
BNi-1%,Cr-'4Mo Plate SA-543 K42339 2 11B 10 115 100 650
B, Ni-1"%, Cr-Y%, Mo- % Mn  Castings SA-487 17 A <6 113 97 (13)(26) 100
B, Ni-1"% Cr-Y, Mo- % Mn  Castings SA-487 17 A 6<t<@B 110 94 (13)(26) 100
B, Ni-1%, Cr-'4 Mo- % Mn  Castings SA-487 17 A 8<ts<12 106 91 (13)(26) 100
BY, Ni-1Y, Cr-%, Mo- % Mn  Castings SA-487 17 A 12 <t<14 102 88 (13)(26) 100
B, Ni-1%,Cr-%Mo Forgings SA-508 4N K22375 3 3 3 90 70 700
BY/,Ni-1%,Cr-%Mo Forgings SA-508 4N K22375 1 11A 5 105 85 700
BY,Ni-1%,Cr-%Mo Forgings SA-508 4N K22375 2 11B 10 115 100 650
¥Ni-1%,Cr-"%Mo-V Forgings SA-541 4N K42343 3 90 70 700
B, Ni-1%,Cr-%Mo-V Forgings SA-541 5 K42348 1 105 85 700
B1/,Ni-1%,Cr-"%,Mo-V Forgings SA-541 4N K42343 2 115 100 700
B/,Ni-1%,Cr-"%Mo-V Forgings SA-541 5 K42348 2 115 100 700
Ni-1%Cr-"%Mo-V Forgings SA-723 3 K44045 1 115 100 (13)(14)(18) 800
Ni-1%Cr-"4Mo-V Forgings SA-723 3 K44045 2 135 120 (13)(14)(16)(18) 800
Ni-1%,Cr-%Mo-V Forgings SA-723 3 K44045 2a 145 130 (13)(14)(16)(18) 800
Ni-1%,Cr-Y4Mo-V Forgings SA-723 3 K44045 3 155 140 (13)(14)(16)(17)(18) 800
UNi-1%Cr-"4Mo-V Forgings SA-723 3 K44045 175 160 (10)(13)(16) 700
UNi-1%Cr-"%Mo-V Forgings SA-723 3 K44045 5 190 180 (10)(13)(16) 700
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Table KM-400-1
Carbon and Low Alloy Steels (Cont’d)

GENERAL NOTES:

a) The following abbreviation is {used: Smls. = Seamless.

b) The P-Numbers and Group Numbérslisted for some of these materials are for information only. For welded construction in this Division, Section IX, Table QW /QB-422 shall be consulted for
P-Numbers and Group Numbers. When there is a conflict in P-Number or Group Number, the numbers in Section IX govern.

OTES:

1) This material is permitted only in wire forfm,when used for wire-wound vessels and wire-wound frames as described in Article KD-9.

2) Strength values listed in Section II, Part D,’Subpart 1, Table Y-1 for intermediate thickness may be interpolated.

3) The maximum nominal plate thickness shall ot exceed 1% in.

4) The minimum tempering temperature shall be 800°F.

5) This material is permitted in the liquid quenched andtempered condition only.

6) Section IX, QW-250 Welding Variables, QW-404.12, QW-406.3, QW-407.2, and QW-409.1 shall also apply to this material. These variables shall be applied in accordance with the rules for
welding of Part KF.

7) Welding is not permitted when carbon content exceeds 0.35%.by ladle analysis except as permitted in Article KF-7.

8) The nominal wall thickness of the cylindrical shell of vessels constructed of SA-372 Grade ], Class 110 material shall not exceed 2 in.

9) The maximum nominal plate thickness shall not exceed 6.00 in. fot/Gfade E or 4.00 in. for Grade P.

10) This material is permitted only when used as an inner layer in a vessehwhose design meets the leak-before-burst criteria of KD-141.

11) The maximum nominal plate thickness shall not exceed 0.58 in.

[12) The maximum nominal plate thickness shall not exceed 2.50 in.

13) No welding is permitted on this material.

14) Caution is advised when using this material above 700°F. After exposure to temperaturves above 700°F, this material may exhibit temper embrittlement and stress relaxation effects. The
designer shall consider these effects and their influence on the vessel.

15) When this material is used in welded construction, the following additional requirements_apply:

(a) In fulfilling the requirements of Articles KT-1 and KT-2, sufficient tensile tests shall be“ntade to represent postweld heat treatment at both the minimum and maximum times at
temperature, and impact tests shall be made to represent the minimum time at temperature. The results of the tensile tests shall meet the tensile requirements of the material specification. The
number and orientation of the impact specimens, the testing temperature, and the acceptance critéria shall meet the impact test requirements of Part KM.

(b) Welding procedure qualification tensile tests shall meet both the minimum and maximum tensile strength requirements of the material specification.

(c) Each heat or lot of consumable welding electrodes and each heat or lot of filler wire and flux cdmbination shall be tested to meet the requirements of (a) above.

16) Caution is advised when using these materials as they are more susceptible than lower strength materials to-environmental stress corrosion cracking and/or embrittlement due to hydrogen
exposure. This susceptibility increases as material strength increases. The designer shall consider these effects’and their influence on the vessel. See Section II, Part D, Nonmandatory
Appendix A, A-701 and A-702.

17) These materials shall not be used for applications when the material, when loaded, is in contact with water or'an aqueous environment.

(a) Thisrestriction does not apply to components that are in hydrostatic compression during all loading cycles. Hydrostatic compression is assumed to exist if the sum of the three principal
stresses is negative (compressive) at all locations within the component.

(b) This restriction does not apply to inner layers in a vessel whose design meets the leak-before-burst criteria of KD<14%:.

18) The actual measured yield strength for these materials shall not be greater than 25 ksi above the minimum specified value,

[19) These wire materials are suitable only for use in special closure parts designed in accordance with Article KD-6, for which it is impfactical or impossible to obtain yield strength data. The
materials shall not be used for fabrication of other pressure-retaining components, such as bolting, wire-wound vessels, or wiresweund frames.

20) For these wire materials, the value shown in the "Thickness” column is the wire diameter. The wire may be reshaped for final use from/ateund to some other cross section, provided the
processing does not adversely affect the tensile strength of the material.

21) Tensile strength values for intermediate diameters shall be interpolated. The values at intermediate diameters shall be rounded to the same number of decimal places as the value at the lesser
diameter between which values are being interpolated. The rounding rule is: when the next digit beyond the last place to be retained is less than 5,'retain unchanged the digit in the last place
retained; when the digit next beyond the last place to be retained is 5 or greater, increase by 1 the digit in the last place retained.

22) These wire materials have maximum tensile strength requirements. See Section II, Part A, SA-231, SA-232, or SA-401, as applicable.
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Table KM-400-1
Carbon and Low Alloy Steels (Cont’d)

NOTES: (Cont’d)

23) Welding of this material by the elécfroslag or electrogas process is not permitted. Except for local heating such as cutting and welding, heating of this material above 1,200°F during fabrication
is also not permitted.

24) This material is permitted only when'used in the fabrication of external yokes.

25) The mechanical testing of the material shall’be performed once itis in the final cross-sectional shape and heat treated in accordance with the specification prior to coiling into a helical spring.
The material shall be certified that it meets the mechanical properties for a diameter of wire that has a diameter equivalent to the smallest cross-sectional dimension of the wire in the final
shape.

26) This material is permitted only when used for impulsively loaded vessels (see Article KG-6) operating above 32°F.
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Table KM-400-1M
Carbon and Low Alloy Steels (Metric)

Specified Max.
Class/ Min. Specified Desig
Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp
Composition Form Spec. No. Grade UNS No. Temper mm No. No. MPa MPa Notes °C
Carbon steel Pipe SA-106, A K02501 1 1 330 205 371
Carbon steel Plate SA-516 60 K02100 1 1 415 220 371
Carbon steel Pipe SA-106 K03006 1 1 415 240 371
Carbon steel Smls. pipe SA-333 6 K03006 1 1 415 240 371
Carbon steel Plate SA-516 65 K02403 1 1 450 240 371
Carbon steel Plate SA/EN 10025-2  S355J2#N 63 <t<80 470 325 (13)(24) 38
Carbon steel Plate SA/EN 10025-2  S355]2+N, 40 <t < 63 470 335 (13)(24) 38
Carbon steel Plate SA/EN 10025-2  S355]2+N 16 <t <40 470 345 (13)(24) 38
Carbon steel Plate SA/EN 10025-2  S355]2+N ... 3<t<16 470 355 (13)(24) 38
Carbon steel Forgings SA-350 LF2 K03071 1 2 485 250 371
Carbon steel Forgings SA-105 K03504 1 2 485 250 371
Carbon steel Plate SA-516 70 K02700 1 2 485 260 371
Carbon steel Pipe SA-106 C K03501 1 2 485 275 371
Carbon steel Forgings SA-765 v K02009 1 3 550 345 316
Carbon steel Plate SA/EN 10025-2  S355]2+N <3 510 355 (13)(24) 38
Carbon steel Plate SA-738 B K12007 1 3 585 415 316
Carbon steel Plate SA-724 A K11831 1 4 620 485 371
Carbon steel Plate SA-724 C K12037 1 4 620 485 371
Carbon steel Plate SA-724 B K12031 1 4 655 515 371
Carbon steel Flat wire SA-905 2 1.5 1695 1450 (1)(2)(16) 38
Carbon steel Flat wire SA-905 2 1.3 1725 1475 (1)(2)(16) 38
Carbon steel Flat wire SA-905 2 1.02 1765 1525 (D)(2)(16) 38
Carbon steel Flat wire SA-905 2 0.76 1805 1560 1)(2)(16) 38
Carbon steel Flat wire SA-905 2 0.51 1850 1600 1)(2)(16) 38
Carbon steel Flat wire SA-905 1 1.5 1895 1650 (1)(2)(16) 93
Carbon steel Flat wire SA-905 1 1.3 1930 1675 (D)(2)(16) 93
Carbon steel Flat wire SA-905 1 1.02 1965 1725 1)(2)(16) 93
Carbon steel Flat wire SA-905 1 0.76 2000 1760 1)(2)(16) 93
Carbon steel Flat wire SA-905 1 0.51 2040 1795 1)(2)(16) 93
Carbon steel Plate SA-841 A 1 <65 1 2 485 345 (23) 343
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Table KM-400-1M
Carbon and Low Alloy Steels (Metric) (Cont’d)

Specified Max,
Class/ Min. Specified Desig
Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp
Composition Form Spec,.No. Grade UNS No. Temper mm No. No. MPa MPa Notes °C
Carbon steel Plate SA-841 B 2 <65 1 3 550 415 (23) 343
Carbon steel Plate SA-841 F 6 <32 3 3 565 485 (23) 65
Carbon steel Plate SA-841 F 7 <25 3 3 590 515 (23) 65
Carbon steel Bolt SA-354 BC K04100 64 <t<100 795 685 343
Carbon steel Bolt SA-354 BC K04100 6<t<64 860 750 343
Carbon steel Bolt SA-354 BD K04100 64 <t<100 965 795 343
Carbon steel Bolt SA-354 BD K04100 . 6 <t<64 1035 895 (16) 343
C-Y/,Mo Bolt SA-320 L7A G40370 <65 860 725 38
C-,Mo Pipe SA-335 P1 K11522 3 380 205 371
/,Cr-"sMo-V Plate SA-517 B K11630 <32 11B 4 795 690 3) 371
/,Cr-/,Mo-Si Plate SA-517 A K11856 <32 11B 795 690 3) 371
(13)(19)(20)(21)(22)
D.7Cr-1.5Si Wire SA-401 9254 G92540 0.80 2080 38
(13)(19)(20)(21)(22)
.7Cr-1.5Si Wire SA-401 9254 G92540 0,90 2070 (25) 38
(13)(19)(20)(21)(22)
D.7Cr-1.5Si Wire SA-401 9254 G92540 100 2060 25 38
(13)(19)(20)(21)(22)
D.7Cr-1.5Si Wire SA-401 9254 G92540 1.10 2040 38
(13)(19)(20)(21)(22)
.7Cr-1.5Si Wire SA-401 9254 G92540 1.20 2020 (25) 38
(13)(19)(20)(21)(22)
.7Cr-1.5Si Wire SA-401 9254 G92540 1.40 2000 38
(13)(19)(20)(21)(22)
D.7Cr-1.5Si Wire SA-401 9254 G92540 1.60 1980 38
(13)(19)(20)(21)(22)
D.7Cr-1.5Si Wire SA-401 9254 G92540 1.80 1960 38
(13)(19)(20)(21)(22)
D.7Cr-1.5Si Wire SA-401 9254 G92540 2.00 1940 (25) 38
(13)(19)(20)(21)(22)
.7Cr-1.5Si Wire SA-401 9254 G92540 2.20 1920 38
(13)(19)(20)(21)(22)
.7Cr-1.5Si Wire SA-401 9254 G92540 2.50 1900 (25) 38
(13)(19)(20)(21)(22)
D.7Cr-1.5Si Wire SA-401 9254 G92540 2.80 1880 25 38
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Table KM-400-1M
Carbon and Low Alloy Steels (Metric) (Cont’d)

0§

Specified Max,
Class/ Min. Specified Desig
Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp
Composition Form Spec. No. Grade UNS No. Temper mm No. No. MPa MPa Notes °C
(13)(19)(20)(21)(22)
D.7Cr-1.5Si Wire SA-401 9254 G92540 3.00 1860 (25) 38
(13)(19)(20)(21)(22)
.7Cr-1.5Si Wire SA-401 9254 G92540 3.50 1840 (25) 38
(13)(19)(20)(21)(22)
.7Cr-1.5Si Wire SA-401 9254 G92540 4.00 1820 (25) 38
(13)(19)(20)(21)(22)
.7Cr-1.5Si Wire SA-401 9254 G92540 4.50 1800 (25) 38
(13)(19)(20)(21)(22)
D.7Cr-1.5Si Wire SA-401 9254 G92540 5.00 1780 (25) 38
(13)(19)(20)(21)(22)
D.7Cr-1.5Si Wire SA-401 9254 G92540 5.50 1760 (25) 38
(13)(19)(20)(21)(22)

.7Cr-1.5Si Wire SA-401 9254 G92540 6.00 1740 (25) 38
L Cr-YsMo Bolt SA-193 B7 G41400 100 < t < 200 690 515 343
LCr-YMo Bolt SA-320 L7M G41400 <65 690 550 4) 38
LCr-YMo Bolt SA-193 B7 G41400 64 <t <100 795 655 343
| Cr-Y%Mo Forgings SA-372 E K13047 70 825 485 (5)(6) 371
| Cr-YMo Forgings SA-372 F G41350 70 825 485 (5)(6)(7) 371
| Cr-Y%Mo Forgings SA-372 J K13548 70 825 485 (5)(6)(7) 343
LCr-YMo Bolt SA-193 B7 G41400 <64 860 725 343
LCr-Y4Mo Bolt SA-320 L7 G41400 <65 860 725 4) 343
| Cr-YMo Forgings SA-372 ] G41370 110 930 760 (6)(7)(8)(16) 343
lCr-Y%Mo Bolt SA-574 4137 G41370 >16 1170 930 (13)(16) 288
LCr-YMo Bolt SA-574 4137 G41370 <13 1240 965 (13)(16) 288
ICr-,Si-V Wire SA-231 oil 12.00 1320 (16)(19)(20)(21)(22) 38
1 Cr-Y,Si-V Wire SA-232 oil 12.00 1320 (16)(19)(20)(21)(22) 38
| Cr-Y,Si-V Wire SA-231 0il 11.00 1340 (16)(19)(20)(21)(22) 38
LCr-Y,Si-V Wire SA-232 oil 11.00 1340 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-231 oil 10.00 1360 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-232 oil 10.00 1360 (16)(19)(20)(21)(22) 38
L Cr-",Si-V Wire SA-231 oil 9.00 1380 (16)(19)(20)(21)(22) 38

1 Cr-Y,Si-V Wire SA-232 oil 9.00 1380 (16)(19)(20)(21)(22) 38
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Table KM-400-1M
Carbon and Low Alloy Steels (Metric) (Cont’d)

18

Specified Max,

Class/ Min. Specified Desig

Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp
Composition Form Spec,.No. Grade UNS No. Temper mm No. No. MPa MPa Notes °C
LCr-Y,Si-V Wire sA-231 oil 8.00 1400 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-232 oil 8.00 1400 (16)(19)(20)(21)(22) 38
I Cr-,Si-V Wire SA-231 oil 7.00 1420 (16)(19)(20)(21)(22) 38
1 Cr-Y,Si-V Wire SA-232 oil 7.00 1420 (16)(19)(20)(21)(22) 38
LCr-Y,Si-V Wire SA-231 oil 6.50 1440 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-232 oil 6.50 1440 (16)(19)(20)(21)(22) 38
I Cr-,Si-V Wire SA-231 oil 6.00 1460 (16)(19)(20)(21)(22) 38
L Cr-,Si-V Wire SA-232 0il 6.00 1460 (16)(19)(20)(21)(22) 38
LCr-Y,Si-V Wire SA-231 oil 5.50 1480 (16)(19)(20)(21)(22) 38
ICr-Y,Si-V Wire SA-232 oil 5.50 1480 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-231 oil 5.00 1520 (16)(19)(20)(21)(22) 38
1 Cr-Y,Si-V Wire SA-232 oil 5.00 1520 (16)(19)(20)(21)(22) 38
LCr-Y,Si-V Wire SA-231 oil 4.50 1560 (16)(19)(20)(21)(22) 38
LCr-Y,Si-V Wire SA-232 oil 4.50 1560 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-231 oil 400 1580 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-232 oil 4.00 1580 (16)(19)(20)(21)(22) 38
LCr-,Si-V Wire SA-231 oil 3.50 1620 (16)(19)(20)(21)(22) 38
LCr-Y,Si-V Wire SA-232 oil 3.50 1620 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-231 oil 3.00 1660 (16)(19)(20)(21)(22) 38
1 Cr-Y,Si-V Wire SA-232 oil 3.00 1660 (16)(19)(20)(21)(22) 38
I Cr-,Si-V Wire SA-231 oil 2.80 1680 (16)(19)(20)(21)(22) 38
LCr-Y,Si-V Wire SA-232 oil 2.80 1680 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-231 oil 2.50 1720 (16)(19)(20)(21)(22) 38
1 Cr-Y,Si-V Wire SA-232 oil 2.50 1720 (16)(19)(20)(21)(22) 38
1 Cr-Y,Si-V Wire SA-231 oil 2.20 1750 (16)(19)(20)(21)(22) 38
L Cr-,Si-V Wire SA-232 0il 2.20 1750 (16)(19)(20)(21)(22) 38
LCr-Y,Si-V Wire SA-231 oil 2.00 1780 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-232 oil 2.00 1780 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-231 oil 1.80 1800 (16)(19)(20)(21)(22) 38

I Cr-Y,Si-V Wire SA-232 oil 1.80 1800 (161¢19)(20)(21)(22) 38
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Table KM-400-1M

Carbon and Low Alloy Steels (Metric) (Cont’d)

Specified Max,

Class/ Min. Specified Desig

Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp
Composition Form Spec. No. Grade UNS No. Temper mm No. No. MPa MPa Notes °C

i Cr-Y,Si-V Wire SA-231 0il 1.60 1820 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-232 oil 1.60 1820 (16)(19)(20)(21)(22) 38
| Cr-Y,Si-V Wire SA-231 oil 1.40 1860 (16)(19)(20)(21)(22) 38
LCr-Y,Si-V Wire SA-232 oil 1.40 1860 (16)(19)(20)(21)(22) 38
LCr-Y,Si-V Wire SA-231 oil 1.20 1900 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-232 oil 1.20 1900 (16)(19)(20)(21)(22) 38
| Cr-Y,Si-V Wire SA-231 oil 1.10 1920 (16)(19)(20)(21)(22) 38
LCr-,Si-V Wire SA-232 oil 1.10 1920 (16)(19)(20)(21)(22) 38
LCr-,Si-V Wire SA-231 oil 1.00 1940 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-232 oil 1.00 1940 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-231 oil 0.90 1960 (16)(19)(20)(21)(22) 38
1 Cr-Y,Si-V Wire SA-232 oil 0.90 1960 (16)(19)(20)(21)(22) 38
1 Cr-Y,Si-V Wire SA-231 oil 0.80 1980 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-232 oil 0.80 1980 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-231 oil 0.70 2000 (16)(19)(20)(21)(22) 38
1 Cr-Y,Si-V Wire SA-232 oil 0170 2000 (16)(19)(20)(21)(22) 38
LCr-,Si-V Wire SA-231 oil 0.65 2010 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-232 oil 0.65 2010 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-231 oil 0.60 2030 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-232 oil 0.60 2030 (16)(19)(20)(21)(22) 38
1 Cr-Y,Si-V Wire SA-231 oil 0.55 2050 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-232 oil 0.55 2050 (16)(19)(20)(21)(22) 38
| Cr-Y,Si-V Wire SA-231 oil 0.50 2060 (16)(19)(20)(21)(22) 38
1Cr-Y,Si-V Wire SA-232 oil 0.50 2060 (16)(19)(20)(21)(22) 38
lCr—1/2Mo—V Bolt SA-193 B16 K14072 100 <t <180 690 585 371
L Cr-Y%Mo-V Bolt SA-193 B16 K14072 64 <t <100 760 655 371
L Cr-,Mo-V Bolt SA-193 B16 K14072 <64 860 725 371
/,Cr-",Mo-Si Pipe SA-335 P11 K11597 4 1 415 205 371
1/,Cr-",Mo-Ti Plate SA-517 E K21604 65 <t <150 11B 2 725 620 9) 371
l%Cr—léMo—Ti Plate SA-517 E K21604 <65 11B 2 795 690 371
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Table KM-400-1M

Carbon and Low Alloy Steels (Metric) (Cont’d)

Specified Max,
Class/ Min. Specified Desig
Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp
Composition Form Spec,.No. Grade UNS No. Temper mm No. No. MPa MPa Notes °C
b/, Cr-1Mo Pipe SA-335 P22 K21590 5A 1 415 205 (15) 371
p/,Cr-1Mo Forgings SA-336 F22 K21590 3 5A 1 515 310 (15) 371
b'/,Cr-1Mo Plate SA-387 22 K21590 2 5A 1 515 310 (15) 371
b Y/,Cr-1Mo Forgings SA-508 22 K21590 3 5C 1 585 380 (15) 371
P/, Cr-1Mo-V Forgings SA-336 F22V K31835 5C 1 585 415 (15) 371
p/,Cr-1Mo-V Forgings SA-182 F22V K31835 5C 1 585 415 (15) 371
pY/,Cr-1Mo-V Forgings SA-541 22V K31835 5C 1 585 415 (15) 371
pY/,Cr-1Mo-V Plate SA-542 D K31835 4a 5C 1 585 415 (15) 371
P/, Cr-1Mo-V Plate SA-832 22V K31835 5C 1 585 415 (15) 371
BCr-1Mo-Y,V-Ti-B Forgings SA-336 F3V K31830 5C 1 585 415 (15) 371
Cr-1Mo-Y,V-Ti-B Plate SA-832 21V K31830 5C 1 585 415 (15) 371
Mn-",Mo-Y,Ni Plate SA-533 D K12529 3 11A 4 690 570 371
Mn-Y,Mo-Y,Ni Plate SA-533 B K12539 3 11A 4 690 570 371
Mn-,Mo-%,Ni Plate SA-533 C K21554 2 3 3 620 485 371
Mn-"/,Ni-V Plate SA-225 C K12524 10A 1 725 485 (11) 371
/,Ni-"Cr-"%Mo-V Plate SA-517 F K11576 <65 11B 3 795 690 (12) 371
P/,Ni-,Mo-Y4Cr-v Forgings SA-508 2 K12766 1 3 3 550 345 371
P/uNi-,Mo-Cr-V Forgings SA-508 3 K12042 1 3 3 550 345 371
P/4Ni-1Cu->,Cr Plate SA-736 A 3 <50 585 515 343
/,Ni-1Cu-¥,Cr Plate SA-736 A 3 50 < t < 100 515 450 343
1"/, Ni-1Cr-'4,Mo Plate SA-517 P K21650 65 < t <100 11B 8 725 620 9) 371
1 Y,Ni-1Cr-%,Mo Plate SA-517 P K21650 <65 11B 8 795 690 371
13/,Ni-%,Cr-",Mo Bolt SA-320 L43 G43400 <100 860 725 371
1%/,Ni-¥,Cr-Y,Mo Bolt SA-574 4340 G43400 216 1170 930 (13)(16) 288
13/, Ni-¥,Cr-",Mo Bolt SA-574 4340 G43400 <13 1240 965 (13)(16) 288
bNi-¥,Cr-%,Mo Bolt SA-540 B23 H43400 5 150 < t < 240 795 690 371
PNi-¥,Cr-%,Mo Bolt SA-540 B23 H43400 5 <150 825 725 371
bNi-¥,Cr-%,Mo Bolt SA-540 B23 H43400 4 <240 930 825 (16) 371
PNi-%,Cr-%,Mo Bolt SA-540 B23 H43400 3 <240 1000 895 (16) 371
bNi-%,Cr-%Mo Bolt SA-540 B24 K24064 5 150 < t < 240 795 690 371
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Table KM-400-1M
Carbon and Low Alloy Steels (Metric) (Cont’d)

Specified Max.

Class/ Min. Specified Desig

Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp
Composition Form Spec. No. Grade UNS No. Temper mm No. No. MPa MPa Notes °C
PNi-%,Cr-%Mo Bolt SA-540 B24 K24064 5 <150 825 725 371
bNi-¥,Cr-%Mo Bolt SA-540 B24 K24064 4 <240 930 825 (16) 371
bNi-%,Cr-%Mo Bolt SA-540 B24 K24064 3 <240 1000 895 (16) 371
PNi-1%Cr-Y,Mo-V Forgings SA-723 1 K23550 1 795 690 (13)(14)(18) 427
PNi-1%Cr-Y,Mo-V Forgings SA-723 1 K23550 2 930 825 (13)(14)(16)(18) 427
PNi-1%,Cr-"Mo-V Forgings SA-723 1 K23550 2a 1000 895 (13)(14)(16)(18) 427
PNi-1%,Cr-Y,Mo-V Forgings SA-723 1 K23550 3 1070 965 (13)(14)(16)(17)(18) 427
PNi-1%Cr-',Mo-V Forgings SA-723 1 K23550 4 1205 1105 (10)(13)(16) 371
PNi-1'%Cr-',Mo-V Forgings SA-723 1 K23550 5 1310 1240 (10)(13)(16) 371
b3/,Ni-1Y,Cr-%Mo Plate SA-543 C K42338 1 11A 5 725 585 343
b3/, Ni-1Y,Cr-%Mo Plate SA-543 C K42338 2 11B 10 795 690 343
p3/,Ni-1%Cr-%Mo-V Forgings SA-723 2 K34035 1 795 690 (13)(14)(18) 427
p3/,Ni-1%Cr-Y,Mo-V Forgings SA-723 2 K34035 2 930 825 (13)(14)(16)(18) 427
p/,Ni-1%Cr-Y,Mo-V Forgings SA-723 2 K34035 2a 1000 895 (13)(14)(16)(18) 427
b/,Ni-1%,Cr-Y,Mo-V Forgings SA-723 2 K34035 3 1070 965 (13)(14)(16)(17)(18) 427
b3/, Ni-1%Cr-"%Mo-V Forgings SA-723 2 K34035 4 1205 1105 (10)(13)(16) 371
p3/,Ni-1Y,Cr-"%Mo-V Forgings SA-723 2 K34035 5 1310 1240 (10)(13)(16) 371
BNi-1%,Cr-'4Mo Plate SA-543 B K42339 1 11A 5 725 585 343
BNi-1%,Cr-"4Mo Plate SA-543 B K42339 2 118 10 795 690 343
%Ni-1%Cr-%Mo-%Mn Castings SA-487 17 A <150 780 670 (13)(26) 38
B145Ni-1%4Cr-%Mo-%Mn Castings SA-487 17 A 150 < t < 200 760 650 (13)(26) 38
B145Ni-1%4Cr-%Mo-%Mn Castings SA-487 17 A 200 < t < 300 730 625 (13)(26) 38
B15Ni-1%4Cr-%Mo-%Mn Castings SA-487 17 A 300 < t < 360 705 605 (13)(26) 38
YoNi-1%,Cr-"%Mo Forgings SA-508 4N K22375 3 3 3 620 485 371
B, Ni-1%,Cr-%Mo Forgings SA-508 4N K22375 1 11A 5 725 585 371
B, Ni-1%,Cr-%Mo Forgings SA-508 4N K22375 2 11B 10 795 690 343
B,Ni-1%,Cr-"%Mo-V Forgings SA-541 4N K42343 3 620 485 371
B/, Ni-1%,Cr-Y4Mo-V Forgings SA-541 5 K42348 1 725 585 371
B,Ni-1%,Cr-"4Mo-V Forgings SA-541 4N K42343 2 795 690 371
B, Ni-1%,Cr-%Mo-V Forgings SA-541 5 K42348 2 795 690 371
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Table KM-400-1M
Carbon and Low Alloy Steels (Metric) (Cont’d)

Specified Max,

Class/ Min. Specified Desig

Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp
Composition Form Spec,.No. Grade UNS No. Temper mm No. No. MPa MPa Notes °C
Ni-1%,Cr-Y4Mo-V Forgings SA-723 3 K44045 1 795 690 (13)(14)(18) 427
Ni-1Y%Cr-%Mo-V Forgings SA-723 3 K44045 2 930 825 (13)(14)(16)(18) 427
4Ni-1Y%Cr-%Mo-V Forgings SA-723 3 K44045 2a 1000 895 (13)(14)(16)(18) 427
Ni-1%Cr-Y,Mo-V Forgings SA-723 3 K44045 3 1070 965 (13)(14)(16)(17)(18) 427
4Ni-1%,Cr-Y%Mo-V Forgings SA-723 3 K44045 4 1205 1105 (10)(13)(16) 371
4Ni-1%Cr-Y%,Mo-V Forgings SA-723 3 K44045 5 1310 1240 (10)(13)(16) 371

GENERAL NOTES:

a) The following abbreviation is used: Smls. = Seamless.

b) The P-Numbers and Group Numbers listed for some of these materials are’for information only. For welded construction in this Division, Section IX, Table QW/QB-422 shall be consulted for
P-Numbers and Group Numbers. When there is a conflict in P-Number or‘Group Number, the numbers in Section IX govern.

NOTES:

1) This material is permitted only in wire form when used for wire-wound vessels/and wire-wound frames as described in Article KD-9.

2) Strength values listed in Section I, Part D, Subpart 1, Table Y-1 for intermediate thickness may be interpolated.

3) The maximum nominal plate thickness shall not exceed 32 mm.

4) The minimum tempering temperature shall be 425°C.

5) This material is permitted in the liquid quenched and tempered condition only.

6) Section IX, QW-250 Welding Variables, QW-404.12, QW-406.3, QW-407.2, and QW-409.1 shall also'apply to this material. These variables shall be applied in accordance with the rules for
welding of Part KF.

7) Welding is not permitted when carbon content exceeds 0.35% by ladle analysis except as permitted jh Article KF-7.

8) The nominal wall thickness of the cylindrical shell of vessels constructed of SA-372 Grade ], Class 110 material shall not exceed 50 mm.

9) The maximum nominal plate thickness shall not exceed 150 mm for Grade E or 100 mm for Grade P.

10) This material is permitted only when used as an inner layer in a vessel whose design meets the leak-before-burst criteria of KD-141.

11) The maximum nominal plate thickness shall not exceed 15 mm.

12) The maximum nominal plate thickness shall not exceed 64 mm.

13) No welding is permitted on this material.

[14) Caution is advised when using this material above 375°C. After exposure to temperatures above 375°C, this material may exhibit temper embrittlement and stress relaxation effects. The
designer shall consider these effects and their influence on the vessel.

15) When this material is used in welded construction, the following additional requirements apply:

(a) In fulfilling the requirements of Articles KT-1 and KT-2, sufficient tensile tests shall be made to represent postweld heat treatment at both the minimum and maximum times at
temperature, and impact tests shall be made to represent the minimum time at temperature. The results of the tensile tests shall meet the tensilée requirements of the material specification. The
number and orientation of the impact specimens, the testing temperature, and the acceptance criteria shall meet the impact test requitements of Part KM.

(b) Welding procedure qualification tensile tests shall meet both the minimum and maximum tensile strength requirements of the material specification.

(c) Each heat or lot of consumable welding electrodes and each heat or lot of filler wire and flux combination shall be tested to meet the tequirements of (a) above.

16) Caution is advised when using these materials as they are more susceptible than lower strength materials to environmental stress corrosion cracking-aiid/or embrittlement due to hydrogen
exposure. This susceptibility increases as material strength increases. The designer shall consider these effects and their influence on the vessel. Sée/Section II, Part D, Nonmandatory
Appendix A, A-701 and A-702.
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Table KM-400-1M
Carbon and Low Alloy Steels (Metric) (Cont’d)

NOTES: (Cont’d)

17)

18)
19)

20)
21)
22)
23)
24)

25)

26)

These materials shall not beaised for applications when the material, when loaded, is in contact with water or an aqueous environment.
(a) Thisrestriction does notapply to components that are in hydrostatic compression during all loading cycles. Hydrostatic compression is assumed to exist if the sum of the three principal

stresses is negative (compressive).at all locations within the component.

(b) This restriction does not apply to-inner layers in a vessel whose design meets the leak-before-burst criteria of KD-141.
The actual measured yield strength for-thiese materials shall not be greater than 172 MPa above the minimum specified value.
These wire materials are suitable only for ise/in special closure parts designed in accordance with Article KD-6, for which it is impractical or impossible to obtain yield strength data. The
materials shall not be used for fabrication of other pressure-retaining components, such as bolting, wire-wound vessels, or wire-wound frames.
For these wire materials, the value shown in the("Thickness” column is the wire diameter. The wire may be reshaped for final use from a round to some other cross section, provided the
processing does not adversely affect the tensile strength of the material.
Tensile strength values for intermediate diameters shall'be interpolated. The values at intermediate diameters shall be rounded to the same number of decimal places as the value at the lesser
diameter between which values are being interpolated. Therounding rule is: when the next digit beyond the last place to be retained is less than 5, retain unchanged the digit in the last place
retained; when the digit next beyond the last place to be retained is 5 or greater, increase by 1 the digit in the last place retained.
These wire materials have maximum tensile strength requirements. See Section II, Part A, SA-231, SA-232, or SA-401, as applicable.
Welding of this material by the electroslag or electrogas process is nétpermitted. Except for local heating such as cutting and welding, heating of this material above 650°C during fabrication is
also not permitted.
This material is permitted only when used in the fabrication of externalyokes.
The mechanical testing of the material shall be performed once itis in the fintal cress-sectional shape and heat treated in accordance with the specification prior to coiling into a helical spring.
The material shall be certified that it meets the mechanical properties for a dianieter of wire that has a diameter equivalent to the smallest cross-sectional dimension of the wire in the final
shape.
This material is permitted only when used for impulsively loaded vessels (see Artielé KG-6) operating above 0°C.
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Table KM-400-2
High Alloy Steels

LS

Specified
Class/ Min. Specified Max. Desig
Nominal Product Type/ Condition/  Thickness, Tensile, Min. Yield, Temp.,

Composition Form Spec, Grade UNS No. Temper in. ksi ksi Notes °F
1 2Cr-9Ni-2Cu-1Ti Bar SA-564 XM-16 S45500 H1000 205 185 (1) (8) 100
1 2Cr-9Ni-2Cu-1Ti Forgings SA-705 XM-16 S$45500 H1000 >Y, 205 185 (1)) 100
1 2Cr-9Ni-2Cu-1Ti Bar SA-564 XM-16 S45500 H950 . 220 205 (1) (8) 100
12Cr-9Ni-2Cu-1Ti Forgings SA-705 XM-16 S45500 H950 2Y, 220 205 (1) (8) 100
12Cr-9Ni-2Cu-1Ti Bar SA-564 XM-16 S45500 H900 235 220 (1) (8) 100
1 2Cr-9Ni-2Cu-1Ti Forgings SA-705 XM-16 S45500 H900 >Y, 235 220 (1) (8) 100
1 3Cr-8Ni-2Mo Bar SA-564 XM-13 S13800, H1150M 125 85 100
1 3Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H1150M 125 85 100
1 3Cr-8Ni-2Mo Bar SA-564 XM-13 $13800 HA1150 135 90 100
1 3Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H1150 135 90 100
1 3Cr-8Ni-2Mo Bar SA-564 XM-13 S13800 H1100 150 135 €] 100
1 3Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H1100 150 135 €] 100
1 3Cr-8Ni-2Mo Bar SA-564 XM-13 $13800 H1050 175 165 (1) (8) 100
1 3Cr-8Ni-2Mo Forgings SA-705 XM-13 S13800 H1050 175 165 (1) (8) 100
1 3Cr-8Ni-2Mo Bar SA-564 XM-13 S13800 H1025 185 175 (1) (8) 100
1 3Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H1025 185 175 (1) (8) 100
1 3Cr-8Ni-2Mo Bar SA-564 XM-13 $13800 H1000 205 190 (1) (8) 100
1 3Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H1000 205 190 1@ 100
1 3Cr-8Ni-2Mo Bar SA-564 XM-13 S13800 H950 220 205 (1) (8) 100
1 3Cr-8Ni-2Mo Forgings SA-705 XM-13 S13800 H950 220 205 (1) (8) 100
1 5Cr-5Ni-3Cu Bar SA-564 XM-12 S15500 H1150M 115 75 550
1 5Cr-5Ni-3Cu Forgings SA-705 XM-12 S15500 H1150M 115 75 550
1 5Cr-5Ni-3Cu Bar SA-564 XM-12 S15500 H1150 135 105 550
1 5Cr-5Ni-3Cu Forgings SA-705 XM-12 S15500 H1150 135 105 550
1 5Cr-5Ni-3Cu Bar SA-564 XM-12 S15500 H1100 140 115 (6) 550
1 5Cr-5Ni-3Cu Forgings SA-705 XM-12 S15500 H1100 140 115 (6) 550
1 5Cr-5Ni-3Cu Bar SA-564 XM-12 S$15500 H1075 145 125 (6) (8) 550
1 5Cr-5Ni-3Cu Forgings SA-705 XM-12 S15500 H1075 145 125 (6)-(8) 550
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Table KM-400-2
High Alloy Steels (Cont’d)
Specified
Class/ Min. Specified Max. Design
Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp.,

Composition Form Spec. No. Grade UNS No. Temper in. No. No. ksi ksi Notes °F
1 5Cr-5Ni-3Cu Bar SA-564 XM-12 S15500 H1025 155 145 (6) (8) (9) (10) 550
1 5Cr-5Ni-3Cu Forgings SA-705 XM-12 S$15500 H1025 155 145 (6) (8) (9) (10) 550
1 5Cr-5Ni-3Cu Bar SA-564 XM-12 $15500 H925 170 155 (1) (6) (8) 550
1 5Cr-5Ni-3Cu Forgings SA-705 XM42 S15500 H925 170 155 (1) (6) (8) 550
1 5Cr-5Ni-3Cu Bar SA-564 XM-12 S$15500 H900 190 170 (1) (6) (8) 550
1 5Cr-5Ni-3Cu Forgings SA-705 XM-12 §15500 H900 190 170 (1) (6) (8) 550
L 5Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S45000 H1150 125 75 100
1 5Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S$45000 H1150 2Y, 125 75 100
1 5Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S45000 H1100 130 105 100
L 5Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S45000 H1100 >Y, 130 105 100
L 5Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S45000 H1050 145 135 €) 100
L 5Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S45000 H1050 2Y, 145 135 €] 100
1 5Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S45000 H1025 150 140 (8) (9) (10) 100
1 5Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S45000 H1025 >y, 150 140 (8) (9) (10) 100
L 5Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S45000 H1000 160 150 (1) (8) 100
L 5Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S45000 H1000 >Y, 160 150 (1) (8) 100
L 5Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S45000 H950 170 160 (1) (8) 100
1 5Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S45000 H950 >Y, 170 160 (1) (8) 100
L 5Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S45000 H900 180 170 (1) (8) 100
L 5Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S45000 H900 >Y, 180 170 (1) (8) 100
1 7Cr-4Ni-4Cu Bar SA-564 630 S17400 H1150M 115 75 (6) 550
1 7Cr-4Ni-4Cu Forgings SA-705 630 S17400 H1150M 145 75 (6) 550
1 7Cr-4Ni-4Cu Bar SA-564 630 S17400 H1150 135 105 (6) 550
1 7Cr-4Ni-4Cu Forgings SA-705 630 S17400 H1150 135 105 (6) 550
1 7Cr-4Ni-4Cu Bar SA-564 630 S17400 H1100 140 115 (6) 550
1 7Cr-4Ni-4Cu Forgings SA-705 630 S17400 H1100 140 115 (6) 550
1 7Cr-4Ni-4Cu Bar SA-564 630 S17400 H1075 145 125 (6) (8) 550
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Table KM-400-2
High Alloy Steels (Cont’d)
Specified
Class/ Min. Specified Max. Design
Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp.,

Composition Form Spec. No. Grade UNS No. Temper in. No. No. ksi ksi Notes °F
1 7Cr-4Ni-4Cu Forgings SA-705 630 S17400 H1075 145 125 (6) (8) 550
1 7Cr-4Ni-4Cu Bar SA-564 630 S$17400 H1025 155 145 (6) (8) (9) (10) 550
1 7Cr-4Ni-4Cu Forgings SA-705 630 S$17400 H1025 155 145 (6) (8) (9) (10) 550
1 7Cr-4Ni-4Cu Forgings SA-705 630 S$17400 H925 170 155 (1) (6) (8) 550
1 7Cr-4Ni-4Cu Forgings SA-705 630 S17400 H900 190 170 (1) (6) (8) 550
1 7Cr-7Ni-1Al Forgings SA-705 631 S1%700 TH1050 170 140 (1) (8) 100
1 7Cr-7Ni-1Al Forgings SA-705 631 $17700. RH950 185 150 (1) (8) 100
P5Ni-15Cr-2Ti Bolt SA-453 660 566286 A 130 85 2) 900
P5Ni-15Cr-2Ti Bolt SA-453 660 566286 B 130 85 (2) 900
P5Ni-15Cr-2Ti Forgings SA-638 660 S66286 1 130 85 2 900
P5Ni-15Cr-2Ti Forgings SA-638 660 $66286 2 130 85 2 900
1 6Cr-12Ni-2Mo Forgings SA-965 F316 S31600 8 1 70 30 (11) 800
1 6Cr-12Ni-2Mo Forgings SA-965 F316H S31609 8 1 70 30 11 800
1 6Cr-12Ni-2Mo Pipe SA-312 TP316 S31600 Seamless 8 1 75 30 (7 (11 800
1 6Cr-12Ni-2Mo Pipe SA-312 TP316H S31609 Seamless 8 1 75 30 (7 (11 800
1 6Cr-12Ni-2Mo Bolt SA-320 B8M S31600 1 75 30 (11) 800
1 6Cr-12Ni-2Mo Bolt SA-320 B8MA S31600 1A 75 30 (11) 800
1 6Cr-12Ni-2Mo Bar SA-479 316 S31600 Annealed 1 75 30 B)@ (11 800
16Cr-12Ni-2Mo Bar SA-479 316H S31609 Annealed 1 75 30 3) (11 800
1 6Cr-12Ni-2Mo Bar SA-276 316 S31600 S 2% <t<3 80 55 (2) (11 600
1 6Cr-12Ni-2Mo Bolt SA-320 B8M S31600 2 1Y, <t< 1'% 90 50 (5) (11) 100
1 6Cr-12Ni-2Mo Bar SA-276 316 $31600 S 2<t<2Y 90 65 (2) (11) 600
1 6Cr-12Ni-2Mo Bar SA-276 316 S31600 B 1% <t<1¥, 95 45 (2) (11 600
16Cr-12Ni-2Mo Bolt SA-320 B8M S31600 2 1<t<1Y, 95 65 5) (11) 100
16Cr-12Ni-2Mo Bar SA-276 316 S31600 S <2 95 75 2) (11 600
16Cr-12Ni-2Mo Bar SA-276 316 $31600 B 1Y, <t< 1Y, 100 50 (2) (11) 600
1 6Cr-12Ni-2Mo Bolt SA-320 B8M S31600 2 Y<ts1 100 80 (5)(11) 100
1 6Cr-12Ni-2Mo Bar SA-276 316 S31600 B 1<ts<1Y, 105 65 (2-011) 600
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Table KM-400-2
High Alloy Steels (Cont’d)
Specified
Min. Specified Max. Design
Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp.,

Composition Form Spec. No. Grade UNS No. Temper in. No. No. ksi ksi Notes °F
1 6Cr-12Ni-2Mo Bolt SA-320, B8M S31600 2 A 110 95 5) (11 100
16Cr-12Ni-2Mo Bar SA-276 316 S31600 B Yo<ts<1 115 80 2) (11 600
1 6Cr-12Ni-2Mo Bar SA-276 316 S31600 B A . 125 100 (2) (11 600
1 8Cr-8Ni Forgings SA-182 F304% S30400 t>5 8 1 70 30 11 800
1 8Cr-8Ni Forgings SA-182 F304 S30400 t<5 8 1 75 30 11) 800
1 8Cr-8Ni Plate SA-240 304 §30400 1 75 30 11 800
1 8Cr-8Ni Bolt SA-320 B8 S30400 1 75 30 11) 800
1 8Cr-8Ni Bolt SA-320 B8A S30400 1A 75 30 (11) 800
1 8Cr-8Ni Bolt SA-320 B8 S30400 2 1Y, <t< 1 100 50 5) (11) 100
1 8Cr-8Ni Bolt SA-320 B8 S30400 2 1<t<1Y, 105 65 (5) (11) 100
1 8Cr-8Ni Bolt SA-320 B8 S30400 2 Yo<ts<1 115 80 5) (11 100
1 8Cr-8Ni Bolt SA-320 B8 S30400 2 A 125 100 (5) (11) 100
1 8Cr-8Ni Forgings SA-182 F304L S30403 tS\5 8 1 65 25 11 800
1 8Cr-8Ni Forgings SA-182 F304L S30403 t<5 8 1 70 25 11) 800
1 8Cr-8Ni Plate SA-240 304L S30403 1 70 25 (11) 800
[ 8Cr-8Ni-S Bolt SA-320 B8F S30300 1 75 30 (11) (12) 800
1 8Cr-8Ni-S Bolt SA-320 B8FA S30300 1A 75 30 (11) (12) 800
1 8Cr-8Ni-Se Bolt SA-320 B8F S30323 1 75 30 (11) (12) 800
1 8Cr-8Ni-Se Bolt SA-320 B8FA S30323 1A 75 30 (11) (12) 800
1 8Cr-10Ni-Cb Bolt SA-320 B8C S34700 1 75 30 (11) 800
1 8Cr-10Ni-Cb Bolt SA-320 B8CA S34700 1A 75 30 11) 800
1 8Cr-10Ni-Cb Bolt SA-320 B8C $34700 2 1Y <t<1% 100 50 (5) (11) 100
18Cr-10Ni-Cb Bolt SA-320 B8C S34700 2 1<ts<1Y, 105 65 5) (11 100
18Cr-10Ni-Cb Bolt SA-320 B8C S34700 2 Yo<ts<1 115 80 5) (11 100
18Cr-10Ni-Cb Bolt SA-320 B8C S34700 2 A 125 100 5) (11 100
18Cr-10Ni-Ti Bolt SA-320 B8T $32100 1 75 30 (11 800
1 8Cr-10Ni-Ti Bolt SA-320 B8TA S32100 1A 75 30 11 800

SZ02-€'TIIADAM] ANSY


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2025.pdf

19

Table KM-400-2
High Alloy Steels (Cont’d)

Specified
Class/ Min. Specified Max. Design
Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp.,
Composition Form Spec. No. Grade UNS No. Temper in. No. No. ksi ksi Notes °F
1 8Cr-10Ni-Ti Bolt SA-320 B8T $32100 2 1 <t<1y .. 100 50 (5) (11) 100
1 8Cr-10Ni-Ti Bolt SA-320 B8T S32100 2 1<t<1y, 105 65 (5) (11) 100
1 8Cr-10Ni-Ti Bolt SA-320 B8T, $32100 2 Yo<ts<1 115 80 5) (11 100
18Cr-10Ni-Ti Bolt SA-320 B8T $32100 2 <% 125 100 (5) (11) 100

GENERAL NOTE: The P-Numbers and Group Numbers listed forSome of these materials are for information only. For welded construction in this Division, Section IX, Table QW/QB-422 shall be
Fonsulted for P-Numbers and Group Numbers. When there is a tonflict in P-Number or Group Number, the numbers in Section IX govern.

NOTES:

1) This material is permitted only when used as an inner layer in a‘vésSel whose design meets the leak-before-burst criteria of KD-141.

2) No welding is permitted on this material.

3) A tensile strength of 70 ksi minimum is permitted for extruded shapes.

4) Yield strength values listed in Section II, Part D, Subpart 1, Table Y-1 are for.material in the annealed condition.

5) For all design temperatures, the maximum hardness shall be Rockwell €35 immediately under thread roots. The hardness shall be taken on a flat area at least % in. across, prepared by
removing threads; no more material than necessary shall be removed to prepar€ the, flat area. Hardness determinations shall be made at the same frequency as tensile tests.

6) This material has reduced toughness at room temperature after exposure at high temperature. The degree of embrittlement depends on composition, heat treatment, time, and temperature.
The lowest temperature of concern is about 550°F. See Section II, Part D, Nonmandatery Appendix A, A-207.

7) This material shall only be used in the seamless condition.

8) Cautionis advised when using these materials as they are more susceptible than lower strength'materials to environmental stress corrosion cracking and/or embrittlement due to hydrogen
exposure. This susceptibility increases as yield strength increases. The designer shall consider theseeffects and their influence on the vessel. See Section II, Part D, Nonmandatory Appendix A,
A-701 and A-702.

9) These materials shall not be used for applications when the material, when loaded, is in contact with’ water or an aqueous environment.

(a) Thisrestriction does not apply to components that are in hydrostatic compression during all loading cycles. Hydrostatic compression is assumed to exist if the sum of the three principal
stresses is negative (compressive) at all locations within the component.
(b) This restriction does not apply to inner layers in a vessel whose design meets the leak-before-burst criteria,of KD-141.

10) The actual measured yield strength for these materials shall not be greater than 25 ksi above the minimum specified value.
11) This material is susceptible to chloride stress corrosion cracking. See Section II, Part D, Nonmandatory Appendix/AyA-701.
12) This free-machining material has lower corrosion resistance compared with its non-free-machining equivalent.
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Table KM-400-2M
High Alloy Steels (Metric)
Specified
Class/ Min. Specified Max. Design
Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp.,

Composition Form Spec. No. Grade UNS No. Temper mm No. No. MPa MPa Notes °C
1 2Cr-9Ni-2Cu-1Ti Bar SA-564 XM-16 S45500 H1000 1415 1275 (1) (8) 38
[ 2Cr-9Ni-2Cu-1Ti Forgings SA-705 XM-16 S45500 H1000 213 1415 1275 (1) (8) 38
1 2Cr-9Ni-2Cu-1Ti Bar SA-564 XM-16 S45500 H950 . 1515 1415 (1) (8) 38
1 2Cr-9Ni-2Cu-1Ti Forgings SA-705 XM-16 S45500 H950 213 1515 1415 (1) (8) 38
1 2Cr-9Ni-2Cu-1Ti Bar SA-564 XM46 S45500 H900 1620 1515 1) (8 38
1 2Cr-9Ni-2Cu-1Ti Forgings SA-705 XM-16 §45500 H900 213 1620 1515 (1) (8) 38
1 3Cr-8Ni-2Mo Bar SA-564 XM-13 513800 H1150M 860 585 38
1 3Cr-8Ni-2Mo Forgings SA-705 XM-13 S$13800 H1150M 860 585 38
1 3Cr-8Ni-2Mo Bar SA-564 XM-13 S$13800 H1150 930 620 38
1 3Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H1150 930 620 38
1 3Cr-8Ni-2Mo Bar SA-564 XM-13 $13800 H14.00 1035 930 €) 38
1 3Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H1100 1035 930 8 38
1 3Cr-8Ni-2Mo Bar SA-564 XM-13 S$13800 H1050 1205 1140 (1) (8) 38
1 3Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H1050 1205 1140 1) (8) 38
1 3Cr-8Ni-2Mo Bar SA-564 XM-13 $13800 H1025 1275 1205 (1) (8) 38
1 3Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H1025 1275 1205 (1) (8) 38
I 3Cr-8Ni-2Mo Bar SA-564 XM-13 $13800 H1000 1415 1310 (1) (8) 38
1 3Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H1000 1415 1310 (1) (8) 38
1 3Cr-8Ni-2Mo Bar SA-564 XM-13 $13800 H950 1515 1415 (1) (8) 38
1 3Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H950 1515 1415 1) (8) 38
1 5Cr-5Ni-3Cu Bar SA-564 XM-12 $15500 H1150M 795 515 288
1 5Cr-5Ni-3Cu Forgings SA-705 XM-12 S$15500 H1150M 795 515 288
1 5Cr-5Ni-3Cu Bar SA-564 XM-12 S15500 H1150 930 725 288
1 5Cr-5Ni-3Cu Forgings SA-705 XM-12 S15500 H1150 930 725 288
I 5Cr-5Ni-3Cu Bar SA-564 XM-12 $15500 H1100 965 795 (6) 288
1 5Cr-5Ni-3Cu Forgings SA-705 XM-12 S$15500 H1100 965 795 (6) 288
1 5Cr-5Ni-3Cu Bar SA-564 XM-12 S15500 H1075 1000 860 (6) (8) 288
1 5Cr-5Ni-3Cu Forgings SA-705 XM-12 S$15500 H1075 1000 860 ) (8) 288
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Table KM-400-2M
High Alloy Steels (Metric) (Cont’d)
Specified
Class/ Min. Specified Max. Design
Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp.,

Composition Form Spec. No. Grade UNS No. Temper mm No. No. MPa MPa Notes °C
1 5Cr-5Ni-3Cu Bar SA-564 XM-12 S$15500 H1025 1070 1000 (6) (8) (9) (10) 288
1 5Cr-5Ni-3Cu Forgings SA-705 XM-12 S$15500 H1025 1070 1000 (6) (8) (9) (10) 288
1 5Cr-5Ni-3Cu Bar SA-564 XM-12 S$15500 H925 1170 1070 (1) (6) (8) 288
I 5Cr-5Ni-3Cu Forgings SA-705 XM-12 S$15500 H925 1170 1070 (1) (6) (8) 288
1 5Cr-5Ni-3Cu Bar SA-564 XM-12 S15500 H900 1310 1170 (1) (6) (8) 288
1 5Cr-5Ni-3Cu Forgings SA-705 XM-12 S15500 H900 1310 1170 (1) (6) (8) 288
L 5Cr-6Ni-Cu-Mo Bar SA-564 XM-25 $45000. H1150 860 515 38
1 5Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S$45000 H1150 213 860 515 38
1 5Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S45000 H1100 895 725 38
L 5Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S45000 H1100 213 895 725 38
L 5Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S$45000 H1050 1000 930 €] 38
L 5Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S$45000 H1050 >13 1000 930 €] 38
1 5Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S45000 H1025 1035 965 (8) 9) (10) 38
1 5Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S45000 H1025 213 1035 965 (8) (9) (10) 38
L 5Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S45000 H1000 1105 1035 (1) (8) 38
L 5Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S$45000 H1000 213 1105 1035 (1) (8) 38
L 5Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S$45000 H950 1170 1105 (1) (8) 38
1 5Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S45000 H950 213 1170 1105 (1) (8) 38
1 5Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S45000 H900 . 1240 1170 (1) (8) 38
L 5Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S$45000 H900 213 1240 1170 (1) (8) 38
1 7Cr-4Ni-4Cu Bar SA-564 630 S$17400 H1150M 795 515 (6) 288
1 7Cr-4Ni-4Cu Forgings SA-705 630 S$17400 H1150M 795 515 (6) 288
1 7Cr-4Ni-4Cu Bar SA-564 630 S$17400 H1150 930 725 (6) 288
1 7Cr-4Ni-4Cu Forgings SA-705 630 S$17400 H1150 930 725 (6) 288
1 7Cr-4Ni-4Cu Bar SA-564 630 S$17400 H1100 965 795 (6) 288
1 7Cr-4Ni-4Cu Forgings SA-705 630 S$17400 H1100 965 795 (6) 288
1 7Cr-4Ni-4Cu Bar SA-564 630 $17400 H1075 1000 860 (6) (8) 288
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Table KM-400-2M
High Alloy Steels (Metric) (Cont’d)
Specified
Class/ Min. Specified Max. Design
Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp.,

Composition Form Spec. No. Grade UNS No. Temper mm No. No. MPa MPa Notes °C
1 7Cr-4Ni-4Cu Forgings SA-705 630 S17400 H1075 1000 860 (6) (8) 288
1 7Cr-4Ni-4Cu Bar SA-564 630 S$17400 H1025 1070 1000 (6) (8) (9) (10) 288
1 7Cr-4Ni-4Cu Forgings SA-705 630 S$17400 H1025 1070 1000 (6) (8) (9) (10) 288
1 7Cr-4Ni-4Cu Forgings SA-705 630 S$17400 H925 1170 1070 (1) (6) (8) 288
1 7Cr-4Ni-4Cu Forgings SA-705 630 S17400 H900 1310 1170 (1) (6) (8) 288
1 7Cr-7Ni-1Al Forgings SA-705 631 §17700 TH1050 1170 965 (1) (8) 38
1 7Cr-7Ni-1Al Forgings SA-705 631 $17700 RH950 1275 1035 (1) (8) 38
P5Ni-15Cr-2Ti Bolt SA-453 660 566286 A 895 585 (2) 482
P5Ni-15Cr-2Ti Bolt SA-453 660 566286 B 895 585 (2) 482
P5Ni-15Cr-2Ti Forgings SA-638 660 S66286 1 895 585 2) 482
P5Ni-15Cr-2Ti Forgings SA-638 660 66286 2 895 585 2 482
16Cr-12Ni-2Mo Forgings SA-965 F316 S31600 8 1 485 205 11) 427
1 6Cr-12Ni-2Mo Forgings SA-965 F316H $31609 8 1 485 205 (11) 427
1 6Cr-12Ni-2Mo Pipe SA-312 TP316 S31600 Seamless 8 1 515 205 (NENY) 427
16Cr-12Ni-2Mo Pipe SA-312 TP316H S31609 Seamless 8 1 515 205 (7 (11 427
1 6Cr-12Ni-2Mo Bolt SA-320 B8M S31600 1 515 205 (11) 427
1 6Cr-12Ni-2Mo Bolt SA-320 B8MA S31600 1A . . 515 205 (11 427
1 6Cr-12Ni-2Mo Bar SA-479 316 S31600 Annealed 8 1 515 205 3) @ (n 427
1 6Cr-12Ni-2Mo Bar SA-479 316H S31609 Annealed 8 1 515 205 3) (1 427
16Cr-12Ni-2Mo Bar SA-276 316 S31600 S 64 <t<75 550 380 2) (11 316
1 6Cr-12Ni-2Mo Bolt SA-320 B8M S31600 2 32<t<38 620 345 (5) (11) 38
1 6Cr-12Ni-2Mo Bar SA-276 316 S31600 S 50 <t < 64 620 450 (2) (11) 316
1 6Cr-12Ni-2Mo Bar SA-276 316 S31600 B 38 <ts<44 655 310 (2) (11 316
1 6Cr-12Ni-2Mo Bolt SA-320 B8M S31600 2 25 <t<32 655 450 5) (11 38
1 6Cr-12Ni-2Mo Bar SA-276 316 S31600 S <50 655 515 2) (11 316
1 6Cr-12Ni-2Mo Bar SA-276 316 S31600 B 32<t<38 690 345 (2) (11) 316
1 6Cr-12Ni-2Mo Bolt SA-320 B8M S31600 2 19 <t<25 690 550 5) (11 38
1 6Cr-12Ni-2Mo Bar SA-276 316 S31600 B 25<t<32 725 450 ) (11) 316
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Table KM-400-2M
High Alloy Steels (Metric) (Cont’d)
Specified
Class/ Min. Specified Max. Design
Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp.,

Composition Form Spec. No. Grade UNS No. Temper mm No. No. MPa MPa Notes °C
1 6Cr-12Ni-2Mo Bolt SA-320 B8M S31600 2 <19 760 655 5) (11 38
1 6Cr-12Ni-2Mo Bar SA-276 316 S31600 B 19 <t<25 795 550 (2) (11 316
1 6Cr-12Ni-2Mo Bar SA-276 316 S31600 B <19 860 690 (2) (11 316
1 8Cr-8Ni Forgings SA-182 F304 S30400 t>125 1 485 205 (11 427
1 8Cr-8Ni Forgings SA-182 F304 $30400 t<125 1 515 205 11) 427
1 8Cr-8Ni Plate SA-240 304 S30400 1 515 205 11) 427
1 8Cr-8Ni Bolt SA-320 B8 $30400. 1 515 205 11) 427
1 8Cr-8Ni Bolt SA-320 B8A S30400 1A 515 205 (11) 427
1 8Cr-8Ni Bolt SA-320 B8 S30400 2 32<t=<38 690 345 5) (11) 38
1 8Cr-8Ni Bolt SA-320 B8 S30400 2 25<t<32 725 450 5) (11) 38
1 8Cr-8Ni Bolt SA-320 B8 S30400 2 19 <t<25 795 550 5) (11 38
1 8Cr-8Ni Bolt SA-320 B8 S30400 2 <19 860 690 5) (11 38
1 8Cr-8Ni Forgings SA-182 F304L S30403 t>425 1 450 170 11 427
1 8Cr-8Ni Forgings SA-182 F304L S30403 t<125 1 485 170 11 427
1 8Cr-8Ni Plate SA-240 304L S30403 1 485 170 (11) 427
[ 8Cr-8Ni-S Bolt SA-320 B8F S30300 1 515 205 (11) (12) 427
[ 8Cr-8Ni-S Bolt SA-320 B8FA S30300 1A 515 205 (11) (12) 427
1 8Cr-8Ni-Se Bolt SA-320 B8F S30323 1 515 205 (11) (12) 427
1 8Cr-8Ni-Se Bolt SA-320 B8FA S30323 1A 515 205 (11) (12) 427
1 8Cr-10Ni-Cb Bolt SA-320 B8C S34700 1 515 205 (11) 427
1 8Cr-10Ni-Cb Bolt SA-320 B8CA S34700 1A 515 205 11 427
1 8Cr-10Ni-Cb Bolt SA-320 B8C S34700 2 32<t<38 690 345 (5) (11) 38
18Cr-10Ni-Cb Bolt SA-320 B8C S34700 2 25<t<32 725 450 5) (11) 38
18Cr-10Ni-Cb Bolt SA-320 B8C S34700 2 19 <t<25 795 550 5) (11 38
1 8Cr-10Ni-Cb Bolt SA-320 B8C S34700 2 <19 860 690 5) (11 38
1 8Cr-10Ni-Ti Bolt SA-320 B8T $32100 1 515 205 (11) 427
18Cr-10Ni-Ti Bolt SA-320 B8TA $32100 1A 515 205 (11) 427
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Table KM-400-2M
High Alloy Steels (Metric) (Cont’d)

Specified
Class/ Min. Specified Max. Design
Nominal Product Type/ Condition/  Thickness, P- Group Tensile, Min. Yield, Temp.,
Composition Form Spec. No. Grade UNS No. Temper mm No. No. MPa MPa Notes °C
1 8Cr-10Ni-Ti Bolt SA-320, B8T $32100 2 32<t=<38 690 345 (5) (11) 38
1 8Cr-10Ni-Ti Bolt SA-320 B8T $32100 2 25<t<32 725 450 5) (11 38
1 8Cr-10Ni-Ti Bolt SA-320 B8T $32100 2 19 <t<25 795 550 (5) (11) 38
1 8Cr-10Ni-Ti Bolt SA-320 B8T $32100 2 <19 860 690 (5) (11) 38

GENERAL NOTE: The P-Numbers and Group Numbers listéd for some of these materials are for information only. For welded construction in this Division, Section IX, Table QW/QB-422 shall be
Fonsulted for P-Numbers and Group Numbers. When there-is’a conflict in P-Number or Group Number, the numbers in Section IX govern.

NOTES:

1) This material is permitted only when used as an inner layer’ifn)a vessel whose design meets the leak-before-burst criteria of KD-141.

2) No welding is permitted on this material.

3) A tensile strength of 485 MPa minimum is permitted for extruded”shdpes.

[4) Yield strength values listed in Section II, Part D, Subpart 1, Table Y-1 .are) for material in the annealed condition.

5) For all design temperatures, the maximum hardness shall be Rockwell C35 immediately under thread roots. The hardness shall be taken on a flat area at least 3 mm across, prepared by
removing threads; no more material than necessary shall be removed to prepare the flat area. Hardness determinations shall be made at the same frequency as tensile tests.

6) This material has reduced toughness at room temperature after exposure at high temperature. The degree of embrittlement depends on composition, heat treatment, time, and temperature.
The lowest temperature of concern is about 288°C. See Section II, Part D, Nonmandatory Appendix A, A-207.

7) This material shall only be used in the seamless condition.

8) Cautionisadvised when using these materials as they are more susceptible than lower strerigth materials to environmental stress corrosion cracking and/or embrittlement due to hydrogen
exposure. This susceptibility increases as yield strength increases. The designer shall consider these effects and their influence on the vessel. See Section II, Part D, Nonmandatory Appendix A,
A-701 and A-702.

9) These materials shall not be used for applications when the material, when loaded, is in contact/with water or an aqueous environment.

(a) Thisrestriction does not apply to components that are in hydrostatic compression during all loadingeycles. Hydrostatic compression is assumed to exist if the sum of the three principal
stresses is negative (compressive) at all locations within the component.
(b) This restriction does not apply to inner layers in a vessel whose design meets the leak-before-burst/criteria of KD-141.

10) The actual measured yield strength for these materials shall not be greater than 172 MPa above the minimu, specified value.
[11) This material is susceptible to chloride stress corrosion cracking. See Section II, Part D, Nonmandatory Appenhdix)A, A-701.
12) This free-machining material has lower corrosion resistance compared with its non-free-machining equivalent.
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Table KM-400-3

Nickel and Nickel Alloys (25)
Specified
Class/ Min. Specified Max. Design
Product Type/ Condition/ Thickness, P- Group Tensile, Min. Yield, Temp.,

Nominal Composition Form Spec. No. Grade UNS No. Temper in. No. No. ksi ksi Notes °F
b7Ni-30Cu Bar SB:164 N04400 Annealed 42 70 25 800
H7Ni-30Cu Pipe SB-165 N04400 Annealed >5 0.D. 42 70 25 800
H7Ni-30Cu Forgings SB-564 N04400 Annealed 42 70 25 800
b7Ni-30Cu Pipe SB-165 N04400 Annealed <5 0.D. 42 70 28 800
H7Ni-30Cu Rounds SB-164 N04400 Hot worked 12<t<14 42 75 40 800
H7Ni-30Cu Rounds SB-164 N04400 Hot worked <12 42 80 40 800
67Ni-30Cu Rounds SB-164 N04400 CW & SR <Y 42 84 50 800
67Ni-30Cu Rounds SB-164 NO4400 CW & SR 3% <t<4 42 84 55 800
b7Ni-30Cu Pipe SB-165 N04400. Stress rel. 42 85 55 800
H7Ni-30Cu Rounds SB-164 N04400 . CW & SR Yy<st<3Y% 42 87 60 800
67Ni-30Cu Rounds SB-164 N04400 Cold worked <Y 42 110 85 800
72Ni-15Cr-8Fe Pipe SB-167 N06600  Annealed >5 0.D. 43 80 30 800
/2Ni-15Cr-8Fe Bar SB-166 N06600  Annealed 43 80 35 800
72Ni-15Cr-8Fe Pipe SB-167 N06600  Annealed <5 0.D. 43 80 35 800
/2Ni-15Cr-8Fe Forgings SB-564 N06600  Annealed 43 80 35 800
72Ni-15Cr-8Fe Rounds SB-166 N06600 Hot worked >3 43 85 35 800
/2Ni-15Cr-8Fe Rounds SB-166 N06600  Hot worked Y<t<'3 43 90 40 800
/2Ni-15Cr-8Fe Rounds SB-166 N06600  Hot worked VastshJ 43 95 45 800
HbONi-22Cr-9Mo-3.5Cb Bar, rod SB-446 1 N06625  Annealed 4<t<10 43 110 50 800
bONi-22Cr-9Mo-3.5Cb Forgings SB-564 N06625 Annealed 4<t=<10 43 110 50 800
HONi-22Cr-9Mo-3.5Cb Pipe SB-444 1 N06625  Annealed 43 120 60 800
HONi-22Cr-9Mo-3.5Cb Bar, rod SB-446 1 N06625 Annealed <4 43 120 60 800
HONi-22Cr-9Mo-3.5Cb Forgings SB-564 N06625  Annealed <4 43 120 60 800
H2Fe-33Ni-21Cr Bar SB-408 N08800  Annealed 45 %5 30 800
H2Fe-33Ni-21Cr Plate SB-409 N08800  Annealed 45 75 30 800
2Fe-33Ni-21Cr Forgings SB-564 N08800  Annealed 45 75 30 800
H2Fe-33Ni-21Cr Pipe SB-407 N08800 CW/ann. 45 75 30 800
2Fe-33Ni-21Cr Bar SB-408 N08810  Annealed 45 65 25 800
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Table KM-400-3
Nickel and Nickel Alloys (Cont’d)

Specified
Class/ Min. Specified Max. Design
Product Type/ Condition/ Thickness, P- Group Tensile, Min. Yield, Temp.,
Nominal Composition Form Spec. No. Grade UNS No. Temper in. No. No. ksi ksi Notes °F
2Fe-33Ni-21Cr Plate SB-409 N08810 Annealed 45 65 25 800
2Fe-33Ni-21Cr Forgings SB-564 N08810 Annealed 45 65 25 800
b4Ni-16Mo-15Cr Bar SB574 N10276  Solution ann. 44 100 41 800

GENERAL NOTES:
a) The following abbreviations are used:
ann. = annealed
CW = cold worked
0.D. = outside diameter
rel. = relieved
SR = stress relieved
b) The P-Numbers and Group Numbers listed for some of these materials‘are for information only. For welded construction in this Division, Section IX, Table QW/QB-422 shall be consulted for
P-Numbers and Group Numbers. When there is a conflict in P-Number ot_Group Number, the numbers in Section IX govern.
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Table KM-400-3M

Nickel and Nickel Alloys (Metric) (25)
Specified
Class/ Min. Specified Max. Design
Product Type/ Condition/ Thickness, P- Group Tensile, Min. Yield, Temp.,

Nominal Composition Form Spec. No. Grade UNS No. Temper mm No. No. MPa MPa Notes °C
b7Ni-30Cu Bar SB:164 N04400 Annealed 42 485 170 427
H7Ni-30Cu Pipe SB-165 N04400 Annealed >125 0.D. 42 485 170 427
H7Ni-30Cu Forgings SB-564 N04400 Annealed 42 485 170 427
67Ni-30Cu Pipe SB-165 N04400 Annealed <125 0.D. 42 485 195 427
H7Ni-30Cu Rounds SB-164 N04400 Hot worked 300 <t<350 42 515 275 427
67Ni-30Cu Rounds SB-164 N04400 Hot worked <300 42 550 275 427
67Ni-30Cu Rounds SB-164 N04400 CW & SR <13 42 580 345 427
67Ni-30Cu Rounds SB-164 N04400 CW & SR 89 <t<100 42 580 380 427
b7Ni-30Cu Pipe SB-165 N04400.  Stress rel. 42 585 380 427
H7Ni-30Cu Rounds SB-164 N04400 . CW & SR 13 <t<89 42 600 415 427
67Ni-30Cu Rounds SB-164 N04400 Cold worked <13 42 760 585 427
72Ni-15Cr-8Fe Pipe SB-167 N06600  Annealed >125 0.D. 43 550 205 427
/2Ni-15Cr-8Fe Bar SB-166 N06600  Annealed 43 550 240 427
72Ni-15Cr-8Fe Pipe SB-167 N06600  Annealed <125 0.D. 43 550 240 427
/2Ni-15Cr-8Fe Forgings SB-564 N06600  Annealed 43 550 240 427
/2Ni-15Cr-8Fe Rounds SB-166 N06600  Hot worked >75 43 585 240 427
/2Ni-15Cr-8Fe Rounds SB-166 N06600 Hot worked 13 <t <75 43 620 275 427
/2Ni-15Cr-8Fe Rounds SB-166 N06600 Hot worked 6<ts<13 43 655 310 427
HONi-22Cr-9Mo-3.5Cb Bar, rod SB-446 1 N06625  Annealed 100 <t < 250" 743 760 345 427
bONi-22Cr-9Mo-3.5Cb Forgings SB-564 N06625 Annealed 100 <t<250 43 760 345 427
bONi-22Cr-9Mo-3.5Cb Pipe SB-444 1 N06625  Annealed 43 825 415 427
bONi-22Cr-9Mo-3.5Cb Bar, rod SB-446 1 N06625  Annealed <100 43 825 415 427
HONi-22Cr-9Mo-3.5Cb Forgings SB-564 N06625  Annealed <100 43 825 415 427
H2Fe-33Ni-21Cr Bar SB-408 N08800  Annealed 45 515 205 427
H2Fe-33Ni-21Cr Plate SB-409 N08800  Annealed 45 515 205 427
2Fe-33Ni-21Cr Forgings SB-564 N08800  Annealed 45 515 205 427
H2Fe-33Ni-21Cr Pipe SB-407 N08800 CW/ann. 45 515 205 427
2Fe-33Ni-21Cr Bar SB-408 N08810  Annealed 45 450 170 427
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Table KM-400-3M
Nickel and Nickel Alloys (Metric) (Cont’d)

Specified
Class/ Min. Specified Max. Design
Product Type/ Condition/ Thickness, P- Group Tensile, Min. Yield, Temp.,
Nominal Composition Form Spec. No. Grade UNS No. Temper mm No. No. MPa MPa Notes °C
2Fe-33Ni-21Cr Plate SB-409 N08810  Annealed 45 450 170 427
2Fe-33Ni-21Cr Forgings SB-564 N08810 Annealed 45 450 170 427
b4Ni-16Mo-15Cr Bar SB574 N10276  Solution ann. 44 690 285 427

GENERAL NOTES:
a) The following abbreviations are used:
ann. = annealed
CW = cold worked
0.D. = outside diameter
rel. = relieved
SR = stress relieved
b) The P-Numbers and Group Numbers listed for some of these materials‘are for information only. For welded construction in this Division, Section IX, Table QW/QB-422 shall be consulted for
P-Numbers and Group Numbers. When there is a conflict in P-Number ot _Group Number, the numbers in Section IX govern.
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Table KM-400-4
Aluminum Alloys

1) Welding and thermal cutting are not permitted.
2) The material thickness shall not exceed 3 in.

Class/ Specified Min. Specified Max. Design
Type/ Condition/  Thickness, Tensile, Min. Yield, Temp.,

Nominal Composition Product Form Spec. No. Grade  UNS No. Temper in. ksi ksi Notes °F
Al-Mg-Si-Cu Plate, sheet SB-209 A96061 T6 0.051-0.249 42 35 1)(2) 225
Al-Mg-Si-Cu Plate, sheet SB-209 A96061 T651 0.250-3.000 42 35 1)(2) 225
Al-Mg-Si-Cu Drawn smls. Tube SB-210 A96061 T6 0.025-0.500 42 35 (1)(2) 225
Al-Mg-Si-Cu Bar, rod, shapes SB-221 A96061 T6 38 35 (D(2) 225
Al-Mg-Si-Cu Smls. extr. Tube SB-241 A96061 T6 38 35 1)(2) 225
Al-Mg-Si-Cu Shapes SB-308 A96061 T6 38 35 1)(2) 225
NOTES:

(25)
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Table KM-400-4M
Aluminum Alloys (Metric)

1) Welding and thermal cutting are not permitted.
2) The material thickness shall not exceed 75 mm.

Class/ Specified Min. Specified Max. Design
Type/ Condition/  Thickness, Tensile, Min. Yield, Temp.,

Nominal Composition Product Form Spec. No. Grade UNS No. Temper mm MPa MPa Notes °C
Al-Mg-Si-Cu Plate/sheet SB-209 A96061 T6 1.30-6.32 290 240 1)(2) 107
Al-Mg-Si-Cu Plate, shegt SB-209 A96061 T651 6.35-75.0 290 240 1)(2) 107
Al-Mg-Si-Cu Drawn smls’/Tube SB-210 A96061 T6 0.64-12.7 290 240 (1)(2) 107
Al-Mg-Si-Cu Bar, rod, shape$ SB-221 A96061 T6 260 240 (D(2) 107
Al-Mg-Si-Cu Smls. extr. Tube SB-241 A96061 T6 260 240 (€8][¢3) 107
Al-Mg-Si-Cu Shapes SB-308 A96061 T6 260 240 1)(2) 107

OTES:
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ARTICLE KM-5
REQUIREMENTS FOR LAMINATE MATERIALS

Material requirements for laminate materials are found in Section X, Mandatory Appendix 10, 10-300.
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(25)

ARTICLE KM-6
ANALYTICAL MATERIAL MODELS

KM-600 SCOPE

This Article contains material models available for use
in analytical methods throughout this Division.

KM-610 IDEALLY ELASTIC-PLASTIC (NON-
STRAIN HARDENING) MATERIAL
MODEL

A small amount of strain hardening may be used if nec-
essary to stabilize the solution in the finite element
analysis model. A linear stress—strain relationship shall
be used. The increase in strength shall not exceed 5%
at a plastic strain of 20%.

KM-620 ELASTIC-PLASTIC STRESS-STRAIN
CURVE MODEL

The following procedure may be used to determine the
true stress-strain curve model for use in a nonlinear
assessment when the strain hardening characteristics
of the material are to be considered. The nomenclature
used for this procedure is given in Mandatory Appendix 1.

O,
£r5 = E—t +y+n (KM-620.1)

y

When y; + y; < g, eq. (KM-620.1)xshall be reduced to

where
&
n=- [1.0-tanh(H)] (KM-620.3)
&
Ty 72 [1.0 + tanh(H)] (KM-620.4)
1
( o ]ml (KM-620.5)
E'l =|—
A
o, |l+e
A = ys( ys) (KM-620.6)

In -
SLCRICES

In (1+¢p) (KM-620.7)
In|———=
In (1 + Eys)
1
( ot )’"2 (KM-620.8)
6‘2 =|—
Ay
Ay = %L,;Z(ml) (KM-620.9)
my
. 2<at - [”ys + K(oyt5 — Uys)]) (KM-620.10)
- K(oy4— 0y5)
R= 2 (KM-620.11)
Outs
£ys = 0.002 (KM-620.12)
K = 1.5RYS — 0.5R%S — R3S (KM-620.13)

and parameters m; and &, are given in Table KM-620.

The development of the stress-strain curve should be
limited to a value of true ultimate tensile stress at true
ultimate tensile strain. The stress-strain curve beyond
this point should be perfectly plastic. The value of true
ultimate tensile stress at true ultimate tensile strain is
calculated as follows:

Outs, t = Outs €Xp [m;] (KM-620.14)

KM-630 CYCLIC STRESS-STRAIN CURVE

The cyclic stress-strain curve of a material (i.e., strain
amplitude versus stress amplitude) may be represented
by eq. (KM-630.1). The material constants for this model
are provided in Table KM-630 (Table KM-630M).

o Ness
Etg = E +
Y

%
K

CSS

(KM-630.1)
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The hysteresis loop stress-strain curve of a material
(i.e., strain range versus stress range) obtained by
scaling the cyclic stress-strain curve by a factor of two
is represented by eq. (KM-630.2). The material constants
provided in Table KM-630 (Table KM-630M) are also used
in this equation.

o o, |fess ]
ey = R s (KM-630.2)
E, 2K,
Table KM-620
Tabular Values for Coefficients
Maximum
Material Temperature m,; ms my msg €
Ferritie’steel [Note (1)] 900°F (480°C) 0.60 (1.00 - R) 2 In [1 + (EI/100)] In [100/(100 - RA)] 2.2 2.0E-5
Austenitic stainless steel and 900°F (480°C) 0.75 (1.00 - R) 3 In[1 + (EI/100)] In [100/(100 - RA)] 0.6 2.0E-5
nickel-based alloys
Duplex stainless steel 900°F (480°C) 0.70 (0.95-R) 2In[1 + (EI/100)] In [100/(100 - RA)] 2.2 2.0 E-5
Precipitation hardening, nickel 1,000°F (540°C) 1.09 (0.93 - R) In[1 + (EI/100)] In [100/(100 - RA)] 2.2 2.0 E-5
based
Aluminum 250°F (120°C) 0.52 (0.98 - R) 1.3 In[1 + (El/100)] In [100/(100 - RA)] 22 5.0 E-6
Copper 150°F (65°C) 0.50 (1.00 - R) 2 In[1 + (EI/100)] In [100/(100 - RA)] 2.2 5.0 E-6
Titanium and zirconium 500°F (260°C) 0.50 (098 - R) 1.3 In[1 + (EI/100)] In [100/(100 - RA)] 2.2 2.0 E-5
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Table KM-630
Cyclic Stress-Strain Curve Data

Material Description Temperature, °F Negs K, ksi

Carbon steel (0.75 in.-base metal) 70 0.128 109.8
390 0.134 105.6

570 0.093 107.5

750 0.109 96.6

Carbon steel (0.75 in.-weld metal) 70 0.110 100.8
390 0.118 99.6

570 0.066 100.8

750 0.067 79.6

Carbon steel (2 in.-base metal) 70 0.126 100.5
390 0.113 92.2

570 0.082 107.5

750 0.101 93.3

Carbon steel (4 in.-base metal) 70 0.137 111.0
390 0.156 115.7

570 0.100 108.5

750 0.112 96.9

1Cr-"%Mo (0.75 in.-base metal) 70 0.116 95.7
390 0.126 95.1

570 0.094 90.4

750 0.087 90.8

1Cr-"%Mo (0.75 in.-weld metal) 70 0.088 96.9
390 0.114 102.7

570 0.085 99.1

750 0.076 86.9

1Cr-4Mo (2 in.-base metal) 70 0.105 92.5
390 0.133 99.2

570 0.086 88.0

750 0.079 83.7

1Cr-1Mo-",V 70 0.128 156.9
750 0.128 132.3

930 0.143 118.2

1,020 0.133 100.5

1,110 0.153 80.6

2%4Cr-1Mo 70 0.100 115.5
570 0.109 107.5

750 0.096 105.9

930 0.105 94.6

1,110 0.082 62.1
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Table KM-630

Cyclic Stress-Strain Curve Data (Cont’d)

Material Description Temperature, °F Negs K, ksi

9Cr-1Mo 70 0.177 141.4
930 0.132 100.5

1,020 0.142 88.3

1,110 0.121 64.3

1,200 0.125 49.7

Type 304 70 0.171 178.0
750 0.095 85.6

930 0.085 79.8

1,110 0.090 65.3

1,290 0.094 44.4

Type 304 (Annealed) 70 0.334 330.0
800H 70 0.070 91.5
930 0.085 110.5

1,110 0.088 105.7

1,290 0.092 80.2

1,470 0.080 45.7

Aluminum (Al-4.5Zn-0.6Mn) 70 0.058 65.7
Aluminum (Al-4.5Zn-1.5Mg) 70 0.047 74.1
Aluminum (1100-T6) 70 0.144 22.3
Aluminum (2014-T6) 70 0.132 139.7
Aluminum (5086) 70 0.139 96.0
Aluminum (6009-T4) 70 0.124 83.7
Aluminum (6009-T6) 70 0.128 91.8
Copper 70 0.263 99.1
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Table KM-630M
Cyclic Stress-Strain Curve Data

Material Description Temperature, °C Negs Kcss, MPa
Carbon steel (20 mm-base metal) 20 0.128 757
200 0.134 728
300 0.093 741
400 0.109 666
Carbon steel (20 mm-weld metal) 20 0.110 695
200 0.118 687
300 0.066 695
400 0.067 549
Carbon steel (50 mm-base metal) 20 0.126 693
200 0.113 636
300 0.082 741
400 0.101 643
Carbon steel (100 mm-base metal) 20 0.137 765
200 0.156 798
300 0.100 748
400 0.112 668
1Cr-%%Mo (20 mm-base metal) 20 0.116 660
200 0.126 656
300 0.094 623
400 0.087 626
1Cr-"%Mo (20 mm-weld metal) 20 0.088 668
200 0.114 708
300 0.085 683
400 0.076 599
1Cr-%%Mo (50 mm-base metal) 20 0.105 638
200 0.133 684
300 0.086 607
400 0.079 577
1Cr-1Mo-",V 20 0.128 1082
400 0.128 912
500 0.143 815
550 0.133 693
600 0.153 556
2-%Cr-1Mo 20 0.100 796
300 0.109 741
400 0.096 730
500 0.105 652
600 0.082 428
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Table KM-630M

Cyclic Stress-Strain Curve Data (Cont’d)

Material Description Temperature, °C Negs Kcss, MPa
9Cr-1Mo 20 0.117 975
500 0.132 693
550 0.142 609
600 0.121 443
650 0.125 343
Type 304 20 0.171 1227
400 0.095 590
500 0.085 550
600 0.090 450
700 0.094 306
Type 304 (Annealed) 20 0.334 2275
800H 20 0.070 631
500 0.085 762
600 0.088 729
700 0.092 553
800 0.080 315
Aluminum (Al-4.5Zn-0.6Mn) 20 0.058 453
Aluminum (Al-4.5Zn-1.5Mg) 20 0.047 511
Aluminum (1100-T6) 20 0.144 154
Aluminum (2014-T6) 20 0.132 963
Aluminum (5086) 20 0.139 662
Aluminum (6009-T4) 20 0.124 577
Aluminum (6009-T6) 20 0.128 633
Copper 20 0.263 683
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Table KM-630.1
Coefficients for the Welded Joint Fatigue Curves

All Alloys in KD-371 Except Aluminum | Aluminum Alloys
Statistical Basis C h C h
Mean Curve 1,408.7 0.31950 247.04 0.27712
Upper 68% Prediction Interval (+10) 1,688.3 0.31950 303.45 0.27712
Lower 68% Prediction Interval (-10) 1,175.4 0.31950 201.12 0.27712
Upper 95% Prediction Interval (+20) 2,023.4 0.31950 372.73 0.27712
Lower 95% Prediction Interval (-20) 980.8 0.31950 163.73 0.27712
Upper 99% Prediction Interval (+30) 2,424.9 0.31950 457.84 0.27712
Lower 99% Prediction Interval (-30) 818.3 0.31950 133.29 027712

GENERAL NOTE: In U.S. Customary units, the equivalent structural stress range parameter, ASess 1, in KD-372 and the structuralstress effective
thickness, tess, defined in KD-340 are in ksi/(inches)®™/2™s and inches, respectively. The parameter mg, is defined in“KD-340.

Table KM-630.1M
Coefficients for the Welded Joint Fatigue Curves

All Alloys in KD-371 Except Aluminum I Aluminum Alloys
Statistical Basis C h C h
Mean Curve 19930.2 0.31950 3495.13 0.27712
Upper 68% Prediction Interval (+10) 23885.8 0.31950 4293.19 0.27712
Lower 68% Prediction Interval (-10) 16 629.7 0.31950 2845.42 0.27712
Upper 95% Prediction Interval (+20) 28626.5 0.31950 5273.48 0.27712
Lower 95% Prediction Interval (-20) 13875.7 031950 2316.48 0.27712
Upper 99% Prediction Interval (+30) 34308.1 0.31950 6477.60 0.27712
Lower 99% Prediction Interval (-30) 11577.9 0.31950 1885.87 0.27712

GENERAL NOTE: In Sl units, the equivalent structural stress range parameter, AS.ss 1, in KD-372 and the structural stress effective thickness, tess,
defined in KD-340 are in MPa/(mm)®™)/2™s and mm, respectively. The parameter my, is defined in KD-340.
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ARTICLE KM-7
RULES FOR COVERS ON IMPULSIVELY LOADED VESSELS

KM-700 GENERAL

A cover, or inserts within it, used for imaging purposes
on impulsively loaded vessels, may consist of two layers in
series as follows:

- aninner impulse and debris ejection protection layer

- an outer structural (pressure retaining) layer.

The outer structural layer shall fully resist the QSP and
the impulse and debris ejection loadings imparted both
through the vessel structure and through the inner
layer of the cover. It shall meet all the requirements of
this Division, and be made of materials listed in
Part KM or certified by the Manufacturer as permitted
by KM-100(c)(2). Materials not listed in Part KM may
be used for the inner layer provided

(a) its strength and impact properties hayve-been veri-
fied independently of the material suppliér’to ASTM E8
and ASTM E23, respectively, and thé-finrished product
has been surface inspected to ASME, Section V, Article
6 or Article 7 requirements andvelumetrically inspected
to ASME Section V, Article 5/mequirements, or

(b) the componenthas beenverified using the methods
of Article KD-12 with animpulse of atleast 1.732 times the
design basis impulse, theimpulse may be reduced to 125%
of the design basis\impulse when external secondary
containment of?a barrier for personnel protection is
present, or

(c) it may, be shown that the failure of the inner layer
does ndt result in failure of the outer layer.

A-single combined layer may be used if it meets all the
regiirements of this Division.
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(25)

ARTICLE KM-8
RULES FOR CASTINGS FOR IMPULSIVELY LOADED VESSELS

KM-800 GENERAL

High-strength low-alloy steel castings used in this Divi-
sion for impulsively loaded vessels are listed in
Table KM-400-1 (Table KM-400-1M) with the following
additional requirements:

(a) The liquid steel shall be degassed to achieve a
hydrogen content of less than 3 ppm.

(b) Castings shall be made from a single heat and shall
not exceed a final mass of 44,000 1b (20000 kg). The
maximum final diameter shall be less than 8 ft (2.4 m).

(c) Casting design shall ensure directional solidifica-
tion of all casting sections back to the feeder heads.
Feeder head sizes shall be calculated to ensure complete
feeding of the casting during solidification. Machining
allowances shall not exceed 1 in. (25 mm) except
where this conflicts with these casting design require-
ments.

(d) The ladle composition shall be confirmed before
pouring and the values reported in the Manufacturer's
Data Report.

(e) Castings shall be allowed to cool below the {rans-
formation range directly after pouring and solidification,
before they are reheated for normalizing.

(f) After annealing and before other heat treatment, the
casting may be hotisostatically pressed at 14.5 ksi * 0.3 ksi
(1000 bar * 20 bar) and 2,085°F + 18%F\(1 140°C + 10°C).

(g) Furnace temperature for heat treating shall be
controlled by pyrometers, and the recorded temperature
during heat treatment shall be\included in the Manufac-
turer's Data Report.

(h) Castings should be cast oversized and machined to
final dimensions to remove surface imperfections. The
maximum final wall thickness shall not exceed 14 in.
(360 mm).

(i) Full-size Charpy V notch specimens may be taken in
either the longitudinal or circumferential direction. The
minimum required energy, vdlues are given in
Table KM-800-1. See KM-260for possible retests.

(j) Kj.determined accordingto ASTME1820atT/4 (see
KM-211.5) and at the mintimum operating temperature
shall exceed 137 ksi’in.*”? (150 MPa m'/?). The validity
requirement on crack extension (see ASTM E1820, para.
9.1.5.1) may be waived.

Table KM-800-1
Minimum Required Charpy V-Notch Impact Values

Number of Specimens Energy, ft-1bf (J)
48 (65)

44 (60)

Average for 3

Minimum for 1
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PART KD
DESIGN REQUIREMENTS

ARTICLE KD-1
GENERAL

KD-100 SCOPE

(a) The requirements of this Part KD provide specific
design criteria for some commonly used pressure vessel
shapes under pressure loadings and, within specified
limits, criteria or guidance for treatment of other loadings.
This Part does not contain rules to cover all details of
design.

(b) A complete analysis, including a fatigue or fracture
mechanics analysis, of all structural parts of the vessel
shall be performed in accordance with applicable Articles
of this Part. All of the loadings specified in the User’s
Design Specification (see KG-311) and all stresses intro-
duced by the fabrication processing, autofrettagg,
temperature gradients, etc., shall be considered, This
analysis shall be documented in the Manufacturer’s
Design Report. See KG-323.

KD-101 MATERIALS AND COMBINATIONS OF
MATERIALS

A vessel shall be designed for and.constructed of mate-
rials permitted in Part KM. Any combination of those
materials in Part KM may be used, provided the applicable
rules are followed and the réquirements of Section IX for
welding dissimilar metals are met, when welding is
involved.

Material design values such as moduli of elasticity, coef-
ficients of thermal expansion, yield and tensile strength
values, and other material properties are given in Section
11, Part D«With the publication of the 2004 Edition, Section
II Part'\DJis published as two separate publications. One
publication contains values only in U.S. Customary units
andthe other contains values only in S units. The selection
of the version to use is dependent on the set of units
selected for construction.

KD-102 TYPES OF CONSTRUCTION

Article KD-2 contains rules for the basic design of all
pressure vessels within the scope of this Division.
Article KD-2 also provides rules for designing nonwelded

vessels that are constructed.of forged or otherwise
wrought material machined to”its final configuration.

For openings, closures, ‘and other types of construction,
such as multiple-wall and'layered, wire-wound, or welded,
these rules shall be'supplemented by those given in the
appropriate Artieles, i.e., Articles KD-6, KD-8, KD-9, and
KD-11.

KD-103" PROTECTIVE LINERS

A protective liner is the innermost layer of a pressure
vessel, whose function is to protect the surface of load-
carrying members against chemical and mechanical
damage. It can be of any suitable material, and this mate-
rial need not be listed in Part KM. Credit shall not be given
for the thickness of a protective liner in the static strength
and primary stress calculations, but the effects of a liner
shall be considered in the secondary stress and number of
design cyclic loading calculations. The designer shall
consider the consequences of the liner failure in order
to preserve the integrity of the pressure boundary.

KD-104 CORROSION ALLOWANCE IN DESIGN
FORMULAS

All dimensions used in equations, text, tables, and
figures throughout this Division shall be in the corroded
condition, with the exception of the calculations in
Article KD-5.

KD-110 LOADINGS

Some of the loadings which shall be considered are as
follows (see KG-311.8):

(a) internal and external pressure, at coincident
temperature

(b) service temperature conditions that produce
thermal stresses, such as those due to thermal gradients
or differential thermal expansion

(c) weight of vessel and normal contents under oper-
ating or test conditions

(d) superimposed loads caused by other vessels,
piping, or operating equipment
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(e) wind loads and earthquake loads

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

(g) impact loads, including rapidly fluctuating pres-
sures and reaction forces from relief devices

(h) loadings resulting from expansion or contraction of
attached piping or other parts

(i) residual stresses, introduced at fabrication, e.g., by
autofrettage, hydrostatic test, shrink fit, prestressed wire
winding, rolling, forming, welding, thermal treatments,
and surface treatment such as shot peening

(j) the effect of fluid flow rates, density, jet impinge-
ment streams, inlet and outlet temperatures, on loadings

(k) acceleration loads on the vessel or its contents due
to motion of the structure to which the vessel is fastened

KD-111 LIMITS OF TEST PRESSURE

The lower and upper limits on test pressure are speci-
fied in Article KT-3.

KD-112 BASIS FOR DESIGN TEMPERATURE

(a) When the occurrence of different material tempera-
tures during operation can be definitely predicted for
different axial zones of the vessel, the design of the
different zones may be based on their predicted tempera-
tures.

When the vessel is expected to operate at more than one
temperature and under different pressure conditions, all
significant sets of temperature and coincident pressure
shall be considered.

The material temperature under steady opefating
conditions may vary significantly through the thickness.
The temperature used in the design shall be notless than
the mean temperature through the thickness of the part
being examined under the set of conditions'considered. If
necessary, the material temperature,shall be determined
by computations or by measuremeiits from equipment in
service under equivalent operating conditions. However,
in no case shall the temperature at any point in the mate-
rial or the design temperature exceed the maximum
temperature in TablestKM-400-1 through KM-400-3
(Tables KM-400-1M-through KM-400-3M) for the material
in question or exceed the temperature limitations speci-
fied elsewheré.in’ this Division, except as provided in
KD-113.

In vessels exposed to repeated fluctuations of tempera-
ture i hormal operation, the design shall be based on the
highestfluid temperature, unless the designer can demon-
strate by calculation or experiment that a lower tempera-
ture can be justified.

For determination of the fracture toughness to be used
in the fracture mechanics evaluation, the minimum design
metal temperature (MDMT) at the point of interest shall be
used. See KG-311.4(d) for a definition of MDMT and for

service restriction when the vessel temperature is below
MDMT.

The lower limit of the material temperature during the
hydrostatic test is given in KT-320.

(b) Itisthe responsibility of the designer to specify the
anticipated temperature of the overpressure relief device.

KD-113 UPSET CONDITIONS

Sudden process upsets, which occur infrequently, can
cause local increases or decreases in material surface
temperature. For the purpose of the static pressure
design requirements, no credit shall be taken for that
portion of the wall thickness which is predicted to
exceed the maximum temperature permitted in the mate-
rial’s yield strength table. The midimum metal surface
temperature that occurs during{sudden cooling shall
be considered in the fracturetoughness evaluations.

A complete stress and fracture mechanics analysis is
required for any credible, upset condition.

KD-114 ENVIRONMENTAL EFFECTS

The designer.shall consider environmental effects, such
as corrosion, erosion, and stress corrosion cracking, and
their influence on the material thickness, fatigue, and frac-
ture behavior.

KD-120 DESIGN BASIS

The design of the vessel is based on the requirement of
having an adequate design margin against relevant failure
modes under the stated conditions. The fulfillment of this
requirement shall be demonstrated by calculations based
on the following:

(a) tensile strength, S, (see Part KM and Section I, Part
D)

(b) yieldstrength S, (see Part KM and Section I, Part D)

(c) fracture toughness Kj. (see Article KD-4)

(d) fatigue crack growth constants € and m (see
Article KD-4)

(e) fatigue strength S, (see Article KD-3)

(f) mill undertolerance on material thickness

(g) corrosion/erosion allowances [see KG-311.7(b)]

KD-121 RELEVANT FAILURE MODES

Some of the relevant failure modes are the following:

(a) plastic collapse

(b) through the thickness yielding

(c) local yielding of a magnitude which could produce
excessive distortion and unacceptable transfer of load to
other portions of the structure, or leakage

(d) leak caused by stable fatigue crack propagation
through the wall (leak-before-burst)

(e) unstable crack growth, i.e., fast fracture

(f) buckling (see KD-233)

(25)
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KD-130 DESIGN CRITERIA
KD-131 YIELD STRESS THEORIES

The ductile yielding theories used in this Division are
the following:

(a) Maximum Shear Stress Theory. In accordance with
this theory, yielding at any point occurs when the differ-
ence between the algebraically largest and the algebrai-
cally smallest principal stress reaches the yield strength of
the material.

(b) Distortion Energy Yield Stress Theory.In accordance
with this theory, yielding at any point occurs when the
equivalent stress reaches the yield strength of the mate-
rial. The equivalent stress is the von Mises stress calcu-
lated from the three principal stresses at that point using
the following equation:

o, =
0.5 (KD-131.1
Lo 4009 + = a?[”

KD-132 RESIDUAL STRESS

(a) Residual stresses are not considered in the static
analysis, except:

(1) as provided in KD-9;

(2) when so specified as assembly loads, W,. In this
case, residual stresses shall be included in the load cases of
Table KD-230.1.

(b) Residual stresses shall be considered in the cateu-
lated number of design cycles in accordance*with
Article KD-3 or KD-4.

(c) The vessel may contain residual stresses of prede-
termined magnitudes and distributions. TheSe residual
stresses may be produced by assembling concentric cyl-
inders with an interference in the ‘dimensions of the
mating surfaces (shrink fitting:<Such vessels shall
meet the requirements of Articles' KD-8 and KF-8.

(d) Residual stressesalsomay be produced by autofret-
tage and wire winding, in which case the component shall
meet the requirements of Article KD-5, KD-9, KF-5, or
KF-9, as appropriate.

(e) Residual stresses from fabrication operations such
as welding and jthermal heat treatments may also be
present. See KD-110(i).

KD-133 OPENINGS AND CLOSURES

Article KD-6 provides rules for the design of openings
through vessel walls, connections made to these openings,
and end closures and their attachment to cylindrical
vessels. Additional guidance is provided in
Nonmandatory Appendix H.

KD-140 FATIGUE EVALUATION

Ifit can be shown that the vessel will have aleak-before-
burst mode of failure (see KD-141), the calculated number
of design cycles may be determined using the rules of
either Article KD-3, Article KD-4, or KD-1260.
However, if the leak-before-burst mode of failure
cannot be shown, then the Article KD-4 procedure
shall be used. When performing analysiscusing
methods of Article KD-3 on vessels where leak<before-
burst has been established (see KD-141)) welded
vessel construction details shall be analyzed using the
Structural Stress method (see KD-340),“The Structural
Stress method shall only be used for ,welded details.

KD-141 LEAK-BEFORE-BURST MODE OF FAILURE

(a) Forthe purpose of this Code, it may be assumed that
aleak-before-burst failuremode will occur in a single-wall
component or a concehtrically wrapped welded layered
vessel if the critical\cfack depth in the appropriate plane is
greater than the wall thickness at the location considered.
Since many,ofithe available methods for calculating stress
intensity factors are not accurate for very deep cracks, it
may notbe possible to determine critical crack depths that
aregreater than 0.8 times the wall thickness. In such cases,
léak=before-burst mode of failure may be assumed if both
of the following conditions are met:

(1) the crack, at a depth equal to 0.8 times the wall
thickness, is shown to be below the critical flaw size when
evaluated using the failure assessment diagram from API
579-1/ASME FFS-1 [see KD-401(c)]

(2) the remaining ligament (distance from the crack
tip to the free surface that the crack is approaching) is less
than the quantity (K,./S, 2

(b) For the case of failure due to a crack in the tangen-
tial-radial plane, such as a crack growing radially from an
end closure thread or a blind end, it may not be possible to
ensure a leak-before-burst mode of failure. In such cases
the number of design cycles shall be calculated using
Article KD-4.

(c) For leak-before-burst criteria for shrink-fit layered
vessels, see KD-810(f). For wire-wound vessels, see
KD-931.

(d) Alternately, leak-before-burst mode of failure can
be established by the User based on documented experi-
ence within the industry with vessels of similar design,
size, material properties, and operating conditions (see
KG-311.10).
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ARTICLE KD-2
BASIC DESIGN REQUIREMENTS

KD-200 SCOPE

This Article provides basic design rules and definitions
for vessels constructed in accordance with this Division.
Additional rules for fatigue life and special construction
techniques are given in later Articles of this Part.

(a) All vessels shall meet the requirements of KD-220
through KD-222 as applicable except as provided in
KD-230.

(b) The Designer may use the elastic-plastic analysis
method (see KD-230) for vessels with cylindrical and
spherical shells of all diameter ratios (see KD-221). If
the Designer uses KD-230 through KD-236, Mandatory
Appendix 9 need not be satisfied.

(c) The Designer shall use the elastic-plastic analysis
method (see KD-230) for vessels with cylindrical and
spherical shells that have diameter ratios equal to or
greater than 1.25 (see KD-221).

(d) The Designer may use Mandatory Appendix 9 for
the linear elastic analysis of vessels with cylindrical or
spherical shells with wall ratios less than 1.25 [see
(c)]. If the Designer chooses to use Mandédtory
Appendix 9, KD-230 through KD-232 and KD-234
through KD-236 need not be satisfied.

(e) If construction details do not satisfy. the various
configurations contained herein, or if no applicable equa-
tions are presented, a detailed stress analysis shall be
made to show conformance with“this Part. Vessel
details that conform to the design requirements of
Nonmandatory Appendix E,~E*100 through E-120, or
Nonmandatory Appendix (&_are not required to be eval-
uated using the elastic-plastic analysis methods of KD-230
through KD-236 or thelinear elastic analysis of Mandatory
Appendix 9.

(f) Use of the design equations in KD-221 or elastic-
plastic analysis in KD-230 may result in dimensional
changes¢due’to permanent strain during hydrostatic
test or autofrettage. The designer shall consider the
effect,of these dimensional changes for applications
where slight amounts of distortion can cause leakage
or malfunction (also see KD-661).

KD-210 TERMS RELATING TO STRESS
ANALYSIS

(a) Autofrettage. Autofrettage is a prdcess for introdu-
cing favorable residual stresses intoa-vessel by straining
the vessel interior to cause plastic.deformation through
part or all of the wall thickness.

(b) Deformation. Deformatien of a component part is
alteration of its shape or sizeydue to stress or temperature
changes.

(c) Equivalent Stress. The equivalent stress is defined in
9-200 based on, the*maximum distortion energy (von
Mises theory):

(d) Fatiglie,Strength Reduction Factor. This is a stress
intensification factor which accounts for the effect of a
local structural discontinuity (stress concentration) on
the’ fatigue strength. Values for some specific cases,
based on experiment, are given elsewhere in this Division.
In the absence of experimental data, the theoretical stress
concentration factor may be used.

(e) Gross Structural Discontinuity. A gross structural
discontinuity is a source of stress or strain intensification
which affects a relatively large portion of a structure and
has a significant effect on the overall stress or strain
pattern or on the structure as a whole. Examples of
gross structural discontinuities are head-to-shell and
flange-to-shell junctions, nozzles, and junctions
between shells of different diameters or thicknesses.

(f) Inelasticity. Inelasticity is a general characteristic of
material behavior in which the material does not return to
its original (undeformed) shape and size after removal of
all applied loads. Plasticity and creep are special cases of
inelasticity.

(1) Plasticity. Plasticity is the special case of inelas-
ticity in which the material undergoes time-independent
nonrecoverable deformation.

(2) Plastic Analysis. Plastic analysis is that method
which computes the structural behavior under given
loads considering the plasticity characteristics of the
materials including strain hardening and the stress redis-
tribution occurring in the structure. (Strain rate effects
may also be significant where impact or other dynamic
loads are involved.)

(3) Plastic Instability Load. The plastic instability
load for members under predominantly tensile or
compressive loading is defined as that load at which
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unbounded plastic deformation can occur without an
increase in load. At the plastic tensile instability load,
the true stress in the material increases faster than
strain hardening can accommodate.

(4) Strain Limiting Load. When a limit is placed upon
a strain, the load associated with the strain limit is called
the strain limiting load.

(5) Limit Analysis. Limit analysis is a special case of
plastic analysis in which the material is assumed to be
ideally plastic (non-strain hardening). In limit analysis,
the equilibrium and flow characteristics at the limit
state are used to calculate the collapse load. Two bounding
methods are used in limit analysis: the lower bound
approach, which is associated with a statically admissible
stress field, and the upper bound approach, which is asso-
ciated with a kinematically admissible velocity field. For
beams and frames, the term mechanism is commonly used
in lieu of kinematically admissible velocity field.

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

(7) Plastic Hinge. A plastic hinge is an idealized
concept used in limit analysis. In a beam or frame, a
plastic hinge is formed at the point where the moment,
shear, and axial force lie on the yield interaction
surface. In plates and shells, a plastic hinge is formed
where the generalized stresses lie on the yield surface:

(8) Creep.Creep is the special case of inelasticity that
relates to the stress-induced time-dependent deformation
under load. Small time-dependent deformations may
occur after the removal of all applied loads:

(9) Ratcheting. Ratcheting is a pregressive incre-
mental inelastic deformation or strain which can occur
in a component that is subjected to yariations of mechan-
ical stress, thermal stress, or both, (thermal stress ratch-
eting is partly or wholly caused by thermal stress).

(10) Shakedown. Shakeédown of a structure occurs if,
after a few cycles of load application, ratcheting ceases.
The subsequent structural response is elastic, or
elastic-plastic, and progressive incremental inelastic
deformation is-absent. Elastic shakedown is the case in
which the subsequent response is elastic.

(11).Free End Displacement. Free end displacement
consists of'the relative motions that would occur between
an attachment and connected structure or equipment if
the two members were separated. Examples of such
motions are those that would occur because of relative
thermal expansion of piping, equipment, and equipment
supports, or because of rotations imposed upon the equip-
ment by sources other than the piping.

(12) Expansion Stresses. Expansion stresses are
those stresses resulting from restraint of free end dis-
placement.

(g) Load Stress. The stress resulting from the applica-
tion of a load, such as internal pressure or the effects of
gravity, as distinguished from thermal stress.

(h) Local Primary Membrane Stress, P;. Cases arise in
which a membrane stress produced by pressure or other
mechanical loading and associated with a primary loading,
discontinuity, or both effects would, if notlimited, producé
excessive distortion in the transfer of load to other
portions of the structure. Conservatism requires) that
such a stress be classified as a local primary mémbrane
stress even though it has some characteristics of a
secondary stress. An example of a Joeal primary
membrane stress is the membrane“stress in a shell
produced by external load and moiment at a permanent
support or at a nozzle connection:

(i) Local Structural Discofitinuity. A local structural
discontinuity is a source of stréess or strain intensification
that affects a relatively small volume of material and does
not have a significant'effect on the overall stress or strain
pattern or on the structure as a whole. Examples are small
fillet radii and $mall attachments.

(j) Membrane Stress. Membrane stress is the compo-
nent of normal stress that is uniformly distributed and
equal to the average value of stress across the thickness
of the-section under consideration.

(k) Normal Stress, 0. The component of stress normal to
thé plane of reference (this is also referred to as direct
stress). Usually, the distribution of normal stress is not
uniform through the thickness of a part, so this stress
is considered to be made up in turn of two components,
one of which is uniformly distributed and equal to the
average value of stress across the thickness of the
section under consideration, and the other of which
varies with the location across the thickness.

(1) Operational Cycle. An operational cycle is defined as
the initiation and establishment of new conditions
followed by a return to the conditions that prevailed at
the beginning of the cycle. Three types of operational
cycles are considered:

(1) start-up/shutdown cycle, defined as any cycle
that has atmospheric temperature, pressure, or both as
its extremes and normal operation conditions as its
other extreme

(2) the initiation of and recovery from any emer-
gency or upset condition that shall be considered in
the design

(3) normal operating cycle, defined as any cycle
between start-up and shutdown which is required for
the vessel to perform its intended purpose

(m) Peak Stress, F. The basic characteristic of a peak
stress is that it does not cause any noticeable distortion
and is objectionable only as a possible source of a fatigue
crack or a brittle fracture. A stress that is not highly loca-
lized falls into this category if it is of a type which cannot
cause progressive deformation (ratcheting). Examples of
peak stress are:
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(1) thethermalstress which occurs when arelatively
thin inner shell material is dissimilar from a relatively
thick outer shell material

(2) the thermal stress in the wall of a vessel or pipe
caused by a rapid change in temperature of the contained
fluid

(3) the stress at a local structural discontinuity

(n) Primary Stress. A normal stress or a shear stress
developed by the imposed loading which is necessary
to satisfy the simple laws of equilibrium of external
and internal forces and moments. The basic characteristic
of a primary stress is that it is not self-limiting. Primary
stresses that considerably exceed the yield strength will
result in failure or at least in gross distortion. A thermal
stress is not classified as a primary stress. Primary
membrane stress is divided into general and local cate-
gories. A general primary membrane stress is one
which is so distributed in the structure that no redistribu-
tion of load occurs as a result of yielding. Examples of
primary stress are:

(1) average through-wall longitudinal stress and the
average through-wall circumferential stress in a closed
cylinder under internal pressure, remote from disconti-
nuities

(2) bending stress in the central portion of a flathead
due to pressure

(o) Secondary Stress. A secondary stress is a normal
stress or a shear stress developed by the constraint of
adjacent parts or by self-constraint of a structure. The
basic characteristic of a secondary stress is that it is
self-limiting. Local yielding and minor distortions can
satisfy the conditions that cause the stress toleccur
and failure from one application of the stress-is.not to
be expected. Examples of secondary stress.are:

(1) general thermal stress [see (m)(1)]

(2) bending stress at a gross structural discontinuity

(p) Shear Stress, 1. The shear stress.s the component of
stress tangent to the plane of reference.

(q) Stress Intensity, S. The stréss intensity is defined as
twice the maximum shear stress: In other words, the stress
intensity is the difference-between the algebraically
largest principal stress atid the algebraically smallest prin-
cipal stress at a giveri\point. Tension stresses are consid-
ered positive and compression stresses are considered
negative.

(r) Therimal Stress. A self-balancing stress produced by
a nonuniform distribution of temperature or by differing
thermal coefficients of expansion. Thermal stress is devel-
oped_in a solid body whenever a volume of material is
prevented from assuming the size and shape that it
normally should under a change in temperature. For
the purpose of establishing allowable stresses, two
types of thermal stress are recognized, depending on
the volume or area in which distortion takes place, as
follows:

(1) general thermal stress, which is associated with
distortion of the structure in which it occurs. If a stress of
this type, neglecting local stress concentrations, exceeds
twice the yield strength of the material, the elastic analysis
may be invalid and successive thermal cycles may produce
incremental distortion. Therefore, this type is classified as
secondary stress in Figure 9-200.1. Examples of general
thermal stress are:

(-a) stress produced by an axial temperattre
gradient in a cylindrical shell.

(-b) stress produced by temperature differences
between a nozzle and the shell to which it issattached.

(-c) the equivalent linear stress produced by the
radial temperature gradient in a cylindrical shell. Equiva-
lentlinear stress is defined as the linearstress distribution
which has the same net bending’mement as the actual
stress distribution.

(2) local thermal stress) which is associated with
almost complete suppression of the differential expansion
and thus produces no significant distortion. Such stresses
shall be considered ohly from the fatigue standpoint and
are therefore classified as peak stresses in Figure 9-200.1.
Examples of local thermal stress are:

(-a), the‘stress in a small hot spot in a vessel wall

(-b)-the difference between the actual stress and
the eguivalent linear stress resulting from a radial
temperature distribution in a cylindrical shell

(-c) thethermalstressinaliner material that hasa
coefficient of expansion different from that of the base
metal

(s) Stress Cycle. A stress cycle is a condition in which the
alternating stress difference (see Article KD-3) goes from
an initial value through an algebraic maximum value and
an algebraic minimum value, and then returns to the initial
value. A single operational cycle may resultin one or more
stress cycles.

(t) Impulsive Loading. Impulsive loading is a loading
whose duration is a fraction of the periods of the signifi-
cant dynamic response modes of the vessel components.
For a vessel, this fraction is limited to less than 35% of the
fundamental, membrane-stress dominated (breathing)
mode.

(u) Quasi-static Pressure (QSP). Quasi-static pressure is
the maximum pressure in the vessel which is not the direct
result of impulsive loading, such as a residual after pres-
sure from the maximum design explosive detonation. The
stress at any point resulting from the QSP may be deter-
mined by averaging the stress response over at least 10
times the fundamental structural period.

KD-220 EQUATIONS FOR CYLINDRICAL AND
SPHERICAL SHELLS

Below are equations for the limits of the design pres-
sure. The purpose of these requirements is to ensure
adequate safety against collapse. These equations are
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only appropriate for spherical and cylindrical shells
remote from discontinuities.

KD-221 SHELLS UNDER INTERNAL PRESSURE

The shell shall have a diameter ratio Y (see 9-300) which
meets the requirements of KD-221.1, KD-221.2,KD-221.3,
or KD-221.4, as applicable. The hydrostatic test pressure
used during manufacture shall be considered in the design
(see KT-312).

The designer is cautioned that hydrostatic test pressure
corresponding to design pressure calculated using
eqs. (KD-221.1) through (KD-221.6), as applicable, may
resultin through-thickness yielding and excessive compo-
nent distortion when the ratio of hydrostatic test pressure
to design pressure is greater than 1.25.

KD-221.1 Cylindrical Monobloc Shells. The design
pressure Pp shall not exceed the limit set by the equation:
Open-end cylindrical shell for Y < 2.85:

. 0.268
Ppy = min ([2.986Kut (sy) (Y - 1)]

L0773 (s, + 5,) (YO2% = 1) ])

Open-end cylindrical shell for Y > 2.85 and closed-end
cylindrical shell for all Y values:

(KD-221.1)

Pp = min ([0.924Kut (s,) ln(Y)],

[i (S, + S.) m(y)])

(KD-221.2)

hydrostatic test pressure upperlimit factor (see
KT-312)

S, = tensile strength at desigitemperature from
Section II, Part D, Subpart 1, Table U. If the
tensile strength is netlisted in Section II, Part
D, Subpart 1, Table, yield strength instead of
tensile strength-may be used.

S, = yield strength at design temperature from Section

I1, Part D, Subpart 1, Table Y-1

open-end cylindFical shell: a cylindrical shell in which the
force due.to'pressure acting on the closures at the ends of
the cylinder is transmitted to an external yoke or other
structure, such that the cylindrical shell does not carry the
pressure end load.

closed-end cylindrical shell: a cylindrical shell in which the
force due to pressure acting on the closures at the ends of
the cylinder is transmitted through the cylindrical wall,
creating an axial stress in the cylindrical shell that
carries the pressure end load.

KD-221.2 Cylindrical Layered Shells. For shells (25)

consisting of n layers with different yield strengths, the
equation in KD-221.1 is replaced by:
Open-end cylindrical shell for Y < 2.85:

n
Pp = min| | ¥ 2.986K,4 (syj)(YjO-z"’S - 1) ,
=
J (KD-221)3)

n

0.268
‘21 10773 (8,5 + S,3) (1,22 - 1)
}=

Open-end cylindrical shell for Y > 2.85 and closed-end
cylindrical shell for all Y values:

n

Pp=min || ¥ 0924K,,(s))n(1;)|,
-
J (KD-221.4)
n
1
3.5 (S + Su)in ()
j=1
where
K¢ = hydrostatic test pressure upper limit factor for

each individual layer (see KT-312)

tensile strength at design temperature for each
layer from Section II, Part D, Subpart 1, Table
U. If the tensile strength is not listed in Section
II, Part D, Subpart 1, Table U, yield strength
instead of tensile strength may be used.

yield strength at design temperature for each
layer from Section II, Part D, Subpart 1, Table
Y-1

diameter ratio for each layer

Sy =

Yj:

KD-221.3 Spherical Monobloc Shells. The design
pressure Pp shall not exceed the limit set by the equation:

Pp = min ([1.6Kut(8y) ln(Y)],
(8, + Su)mn (Y)]]

KD-221.4 Spherical Layered Shells. For shells
consisting of n layers with different yield strengths, the
equation in KD-221.3 is replaced by:

(KD-221.5)

{L
NG

Pp = min 5 L6K,5(Sy;) n(Y;) |,
=1 (KD-221.6)

1

) (8 + Sy (1))

™M=

j
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KD-221.5 Additional Loads. If the shell is subject to
loading in addition to the internal pressure, the design
shall be modified as necessary so that the collapse pres-
sure in the presence of the additional load is greater than
or equal to 1.732 times the design pressure.

KD-222 SHELLS UNDER EXTERNAL PRESSURE

The shells shall have a diameter ratio that shall ensure
the same safety against collapse as in KD-221. This means
that the same equations are applicable for controlling the
diameter ratios for shells under external pressure as those
given in KD-221 for shells under internal pressure,
provided that all loadings are considered and the longi-
tudinal stress remains the intermediate principal stress
(i.e., closed-end case). Shells under external pressure
shall also be checked for safety against buckling. For
the special case of cylindrical monobloc shells, the
following equation shall be used:

E(y - 1)
40(1 - uZ)Y3

(KD-222.1)

Pp

but in no case shall exceed the value of P, given by the
equation in KD-221.1.

KD-230 ELASTIC-PLASTIC ANALYSIS

The equations for cylindrical and spherical shells in
KD-220 need not be used if a nonlinear elastic-plastic
analysis (see KD-231) is conducted using numerical
methods such as elastic-plastic finite element or finite
difference analysis for the loadings described jn\Fable
KD-230.1 and Table KD-230.2. When elastic-plastic
analysis is used, the Designer shall also comply with
KD-232 through KD-236.

KD-231 ELASTIC-PLASTIC ANALYSIS METHOD

Protection against plastic collapse is evaluated by deter-
mining the plastic collapse load'of the component using an
elastic-plastic stress analysis. The allowable load on the
component is established.by applying a load factor to the
calculated plastic cellapse load. Elastic-plastic stress
analysis closely approximates the actual structural beha-
vior by considering the redistribution of stress that occurs
as a result of\inelastic deformation (plasticity) and defor-
mation characteristics of the component.

KD-231.1 Elastic-Plastic Numerical Analysis. The
plastic collapse load can be obtained using a numerical
analysis technique (e.g., finite element method) by incor-
porating an elastic-plastic material model (see KM-620 or
KM-630, as appropriate) to obtain a solution. The effects of
nonlinear geometry shall be considered in this analysis.
The plastic collapse load is the load that causes overall
structural instability. This point is indicated by the

inability to achieve an equilibrium solution for a small
increase in load (i.e., the solution will not converge).

KD-231.2 Elastic-Plastic Acceptance Criteria. The
acceptability of the component using elastic-plastic
analysis shall be demonstrated by evaluation of the
plastic collapse load. The plastic collapse load is taken
as the load that causes structural instability. This shall
be demonstrated by satisfying the following criteria:

(a) Global Criteria. A global plastic collapse load ‘is
established by performing an elastic-plastic analysis of
the component subject to the specified loading conditions.
The concept of Load and Resistance Factor Design (LRFD)
is used as an alternative to the rigorous eomputation of a
plastic collapse load to design a component. In this proce-
dure, factored loads that include a_load factor to account
for uncertainty and the resistancé, of the component to
these factored loads are analyzed using elastic-plastic
analysis (see Table KD-230.4).

(b) Service Criteria. Seryvice criteria thatlimit the poten-
tial for unsatisfactory performance shall be analyzed at
every location insthe’component when subject to the
service loads \(see Table KD-230.4). Examples of
service criteria are limits on the rotation of a mating
flange pain to avoid possible flange leakage concerns,
and limits on tower deflection that may cause operational
concerns. In addition, the effect of deformation of the
component on service performance shall be evaluated
at'the service load combinations. This is especially impor-
tant for components that experience an increase in resis-
tance (geometrically stiffen) with deformation under
applied loads such as elliptical or torispherical heads
subject to internal pressure loading. The plastic collapse
criteria may be satisfied but the component may have
excessive deformation at the service conditions. In this
case, the design and service loads have to be reduced
based on a deformation criterion. Examples of some of
the considerations in this evaluation are the effect of
deformation on

(1) piping connections

(2) misalignment of trays, platforms, and other
internal or external appurtenances

(3) interference with adjacent structures and equip-
ment

(4) load-bearing interfaces

If applicable, the service criteria shall be specified in the
User’s Design Specification (see KG-311).

(c) Local Criteria. A component shall satisfy the local
criteria requirements given in KD-232.

(d) Hydrostatic Test Criteria. A component shall satisfy
the criteria for hydrostatic test from Table KD-230.4 using
the methodology of KD-236. The suitability and integrity
of the vessel shall be evaluated by the designer and the
results of this evaluation shall be included in the Manu-
facturer’s Design Report. However, the hydrostatic test
criteria of Table KD-230.4 are not mandatory for analysis
provided that the ratio of yield to tensile strength at design
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Table KD-230.1

Loads and Load Cases to Be Considered in Design

Loading Condition

Design Loads

Pressure Testing

Normal Operation

Normal Operation Plus Occasional [Note (1)]

Abnormal or Start-up Operation Plus
Occasional [Note (1)]

Assembly loads

Dead load of component plus insulation, fireproofing, installed internals, platforms, and other
equipment supported from the component in the installed position

Piping loads including pressure thrust
Applicable live loads excluding vibration and maintenance live loads

Pressure and fluid loads (water) for testing and flushing equipment and piping unless a
pneumatic test is specified

Wind loads

Assembly loads

Dead load of component plus insulation, refractory, fireproofing~installed internals, catalyst,
packing, platforms, and other equipment supported from,the component in the installed
position

Piping loads including pressure thrust

Applicable live loads

Pressure and fluid loading during normal operation
Thermal loads

Loads imposed by the motion of the structure to which the vessel is fastened

Assembly loads

Dead load of component plus-insulation, refractory, fireproofing, installed internals, catalyst,
packing, platforms, andther equipment supported from the component in the installed
position

Piping loads including ‘pressure thrust

Applicable live loads

Pressure and fluid loading during normal operation

Thermal, loads

Windgedrthquake, or other occasional loads, whichever is greater

Loads“due to wave action

Loads imposed by the motion of the structure to which the vessel is fastened

Assembly loads

Dead load of component plus insulation, refractory, fireproofing, installed internals, catalyst,
packing, platforms, and other equipment supported from the component in the installed
position

Piping loads including pressure thrust

Applicable live loads

Pressure and fluid loading associated with the abnormal or start-up conditions

Thermal loads

Wind loads

NOTE: (1)Octcasionalloads are usually governed by wind and earthquake; however, other load types such as snow and ice loads may govern (see

ASCEf/SEI 7).
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Table KD-230.2
Load Descriptions

Design Load

Parameter Description
Pp Internal and external design pressure
P, Internal and external operating pressure
Pg Static head from liquid or bulk materials (e.g., catalyst)
P, Hydrostatic test pressure determined in Article KT-3
D Dead weight of the vessel, contents, and appurtenances at the location of interest, including the following:
Weight of vessel including internals, supports (e.g., skirts, lugs, saddles, and legs), and appurtenances (e.g., platforms,
ladders, etc.)
Weight of vessel contents under operating and test conditions
Refractory linings, insulation
Static reactions from the weight of attached equipment, such as motors, machinery, other yessels, and piping
L Appurtenance live loading
Effects of fluid momentum, steady state and transient
Ly Floating transporter acceleration loads due to spectral motion response determined in KD-237
E Earthquake loads (see ASCE/SEI 7 for the specific definition of the earthquake load, as applicable)
W [Note (1)] Wind loads
Wy Assembly loads (e.g., shrink fit, wire winding, sealing preload)
W, [Note (1)] Pressure test wind load case. The design wind speed for this case shall be specified by the Owner-User.
Ss Snow loads
T Self-restraining load case (i.e., thermal loads, applied displacements). This load case does not typically affect the collapse

load, but should be considered in cases where elastic follow-up causes stresses that do not relax sufficiently to
redistribute the load without excessive deformation:

NOTE: (1) The wind loads, W and W,,, are based on ASCE/SEI 7 wind maps and probability of occurrence. If a different recognized standard for
wind loading is used, the User’s Design Specification shall cite the standayd to-be applied and provide suitable load factors if different from ASCE/

SEI 7.

temperature for all components is greater than thatshown
in Table KD-230.3 based on the actual hydrostatic test
pressure that will be used for testing the’cemponent.
Interpolation between the values of test-pressure is
permissible in Table KD-230.3.

KD-231.3 Elastic-Plastic Assessment Procedure. The
following assessment procedure(s used to determine the
acceptability of a component or an assembly of compo-
nents using elastic-plastiestress analysis.

Table KD-230.3
Combination for Analysis Exemption
of Hydrostatic Test Criterion

Ratio of Hydrostatic Test
Pressure to Design Pressure

Ratio of Yield Strength to
Tensile Strength

1.25 20.612
1.30 20.653
1.35 20.694
1.40 20.799
1.43 20.910

Step 1. Develop a numerical model of the component
including all relevant geometry characteristics. The model
used for the analysis shall be selected to accurately repre-
sent the component geometry, boundary conditions, and
applied loads. In addition, refinement of the model around
areas of stress and strain concentrations shall be provided.
The analysis of one or more numerical models may be
required to ensure that an accurate description of the
stresses and strains in the component is achieved.

Step 2. Define all relevant loads and applicable load
cases. The loads to be considered in the design shall
include, but not be limited to, those given in Table
KD-230.1.

Step 3. An elastic-plastic material model that includes
hardening or softening, or an elastic-perfectly plastic
model (see Article KM-6) shall be utilized. A true
stress-strain curve model that includes temperature
dependent hardening behavior is provided in KM-620.
When an assembly comprised of multiple components
is analyzed, all components shall use a consistent
elastic-plastic material model. The effects of nonlinear
geometry shall be considered in the analysis.

Step 4. Determine the load combinations to be used in
the analysis using the information from Step 2 in conjunc-
tion with Table KD-230.4. Each of the indicated load cases
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Table KD-230.4
Load Combinations and Load Factors for an Elastic-Plastic Analysis

Criteria

Load Combinations

Design Conditions

Global criteria

(1) 1.80 (Pp + Ps + D)

(2) 1.58 (Pp + Ps+ D + T) + 2.03L + 2.03L, + 0.65Ss

(3) 1.58 (Pp + Pg + D) + 2.03Ss + max. [1.28L + 1.28L,, 0.65W]
(4) 1.58 (Pp + Ps + D) + 1.28W + 1.28L + 1.28L, + 0.65Ss

(5) 1.58 (Pp + Ps + D) + 1.28E + 1.28L + 1.28L, + 0.65Ss

Local criteria

Service criteria

1.28(Pp + Ps + D) + 1.00W,

According to User’s Design Specification, if applicable. See KD-231.2(b).

Hydrostatic Test Conditions

Global criteria

Service criteria

(1/KydPe + Ps + D + 0.6W,, (see KD-236)

According to User’s Design Specificationpifiapplicable. See KD-231.2(b).

GENERAL NOTES:

(a) The parameters used in the Load Combinations column are defined in Table KD-230.2.

(b) See KD-231.2 for descriptions of global and serviceability criteria.

(c) If the vessel is made of layered construction, the following equation shall be used for K.

n

n
Ke=| Y (Kugt)/ 2 4
j=1

j=1

where
K, = hydrostatic test pressure upper limit factor (see KT-312)

K, = hydrostatic test pressure upper limit factor for each layer

§

thickness of each layer

shall be evaluated. The effects of one or morelloads not
acting shall be investigated. Additional load)cases for
special conditions not included in Table KD-230.4 shall
be considered, as applicable.

Step 5. Perform an elastic-plastic analysis for each of
theload cases defined in Step 4. If eonvergence is achieved,
the component is stable under\thé applied loads for this
load case. Otherwise, the component configuration (i.e,
thickness) shall be modified or applied loads reduced
and the analysis repeated.

KD-232 PROTECTION AGAINST LOCAL FAILURE

In addition to"demonstrating protection against plastic
collapseas'defined in KD-231, the local failure criteria
below (shall be satisfied.

KD-232.1 Elastic-Plastic Analysis Procedure. The
following procedure shall be used to evaluate protection
against local failure.

(a) Each analysis used with respect to KD-232.1 shall
use an elastic-plastic stress-strain model in KM-620.
Nonlinear geometry shall be used in the analysis.

(b) The following evaluation shall be performed using
two independent elastic-plastic analyses for the following
loading conditions:

(1) allloads listed as local criteria in Table KD-230.4.

(2) aseries of applied loads as described in KD-234.
The same loading histogram needed to demonstrate
compliance with KD-234 shall be used in this analysis.
KD-350 contains guidance in development of that
loading histogram.

(c) Loads from fabrication operations such as pressure
testing, autofrettage, shrink fitting, and wire winding shall
be included if they produce plastic deformation. These
loads shall not be included in the evaluation of cold-
forming damage, Degorpm.

(d) For alocation in the component subject to evalua-
tion, determine the principal stresses, o4, 03, 03, the
equivalent stress, o,, using eq. (KD-232.1) below, and
the total equivalent plastic strain, €,,.

Cp =
0.5 (KD-232.1
Lol + oo + =P

(e) Determine the limiting triaxial strain € 4, for the kth
load step increment using the equation below, where €,
m,, and ms are determined from the coefficients given in
Table KM-620.

(25)
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-ms (OLk+ Okt O3k g
1+WI2 305,k 3

€L,k = €Lu|® (KD-232.2)

where

€peq = total equivalent plastic strain
e = 2.7183, approximate value of the base of the
natural logarithm
El = minimum specified elongation, %
€,x = maximum permitted local total equivalent plastic
strain at any point at the kth load increment
= maximum of m,, msz, and m,
In = natural logarithm
m, = value calculated from Table KM-620
m3 = value calculated from Table KM-620
my = value calculated from Table KM-620
ms = value listed in Table KM-620
R = 5,/S,
RA = minimum specified reduction of area, %
01 = principal stress in the “1” direction at the point of
interest for the kth load increment
0, = principal stress in the “2” direction at the point of
interest for the kth load increment
03 = principal stress in the “3” direction at the point of
interest for the kth load increment
o.x = equivalent stress at the point of interest
S, = yield strength at the analysis temperature (see
Section II, Part D, Subpart 1, Table Y-1)
S, = tensile strength at the analysis temperature (see
Section II, Part D, Subpart 1, Table U)

(f) Determine the strain limit damage for the,kth load
step increment using the following equations:

\/E 2
Afpegk = 5~ (Aepylhk - Aepﬂf")
A A :
+( €p,22,k ~ Ep,33,k) (KD-232.3)
2
+ (Aep,33,k q Aep;llxk)

0.
+1.5(Ke2 Vs + Ac2 53 1 + A€ ’
O\ 2612,k €p,23,k €p,3L,k

k = Dépeq k/eL k (KD-232.4)
wheré
D) = strainlimit damage for the kth loading condi-
tion
A€peqr = equivalent plastic strain range for the kth

loading condition or cycle
A&y 11, = plastic strain range in the “11” direction for
the kth loading condition or cycle

Agp, 2, = plastic strain range in the “22” direction for
the kth loading condition or cycle

Agp 33 = plastic strain range in the “33” direction for
the kth loading condition or cycle

Agp, 1, = plastic strain range in the “12” direction for
the kth loading condition or cycle

Agp, 23 = plastic strain range in the “23” direction for
the kth loading condition or cycle

Agp, 31, = plastic strain range in the “31” direction for
the kth loading condition or cycle

(g9) Add the damage occurring during the kth-oad step
increment, Dy, to the sum of the incremental damage
occurring at each previous increment to-ebtdin the accu-
mulated damage, D..

(h) Repeat the process in (d) thteugh (g) for all load
step increments in the analysis.

(i) If the component has been cold-formed without
subsequent heat treatment, calculate the damage from
forming, Dform, using the~equation below. If the compo-
nent has not been coeldformed, or if heat treatment has
been performed after-forming, the damage from forming,
Dcform, may be asstimed to be zero.

[‘1/3 (ms/(1 + 'nz)]] (KD-232.5)

Deform\= cf/ €Lué

where

Deform = damage occurring during forming at the loca-
tion in the component under consideration
forming strain at the location in the component
under consideration

ch

(j) Add the damage from forming to the accumulated
damage during loading to obtain the total accumulated
damage, D

Det = Deform + De (KD-232.6)

(k) The total accumulated damage, D, shall be sepa-
rately calculated for the two load cases of (b). These sepa-
rately calculated D, values shall be no greater than 1.0,
indicating the local failure criteria to be specified (see
KD-232).

The designer is cautioned that excessive distortion in
the structure of the vessel may lead to failure of the pres-
sure boundary. This could be in the form of buckling or
bellmouthing (see KD-631.5).

KD-233 PROTECTION AGAINST BUCKLING
COLLAPSE

In addition to evaluating protection against plastic
collapse as defined in KD-231, a load factor for protection
against collapse from buckling shall be satisfied to avoid
buckling of components with a compressive stress field
under applied design loads.
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KD-233.1 Buckling Load Factors. The load factor to be
used in structural stability assessmentis based on the type
of buckling analysis performed. If a collapse analysis is
performed in accordance with KD-231, and imperfections
are explicitly considered in the analysis model geometry,
the load factor is accounted for in the factored load combi-
nations in Table KD-230.4.

KD-233.2 Buckling Numerical Analysis. When a
numerical analysis is performed to determine the buckling
load for a component, all possible buckling mode shapes
shall be considered in determining the minimum buckling
load for the component. Care should be taken to ensure
that simplification of the model does not result in exclu-
sion of a critical buckling mode shape. For example, when
determining the minimum buckling load for a ring-stif-
fened cylindrical shell, both axisymmetric and nonaxisym-
metric buckling modes shall be considered in
determination of the minimum buckling load.

KD-234 RATCHETING ASSESSMENT ELASTIC-
PLASTIC STRESS ANALYSIS

Vessel components connected by nonintegral mechan-
ical means may be subject to failure by progressive defor-
mation. If any combination of loads produces yielding,
such connections may be subject to ratcheting behavior.
Stresses that produce slippage between such parts in
which disengagement could occur as a result of progres-
sive distortion shall be limited to the yield strength @t
design temperature from Section II, Part D, Subpart'1,
Table Y-1, S, or evaluated using the procedure in
KD-234.1.

To evaluate protection against ratcheting-sing elastic-
plastic analysis, an assessment is performed by applica-
tion, removal, and reapplication of the.applied loadings. If
protection against ratcheting is(satisfied, it may be
assumed that progression of thestress-strain hysteresis
loop along the strain axis cannet be sustained with cycles
and thatthe hysteresis loopwill stabilize. A separate check
for plastic shakedown to*alternating plasticity is not
required. The followitnig assessment procedure can be
used to evaluate protection against ratcheting using
elastic-plasticsanalysis.

KD-234.1 Assessment Procedure.

Step(1.)Develop a numerical model of the component
including all relevant geometry characteristics. The model
used for analysis shall be selected to accurately represent
the component geometry, boundary conditions, and
applied loads.

Step 2. Define all relevant loads and applicable load
cases (see Table KD-230.1).

Step 3. An ideally elastic-plastic (non-strain hard-
ening) material model (see KM-610) shall be used in
the analysis. The distortion energy yield function and
associated flow rule should be utilized. The yield strength

defining the plastic limit shall be the minimum specified
yield strength at design temperature from Section II, Part
D, Subpart 1, Table Y-1. The effects of nonlinear geometry
shall be considered in the analysis.

Step 4. Perform an elastic-plastic analysis for the ap-
plicable loading from Step 2 for a number of repetitions of
aloadingevent, or, if more than one event is applied, of two
events that are selected so as to produce the highestlike-
lihood of ratcheting.

Step 5. The ratcheting criteria below shall be évaluated
after application of a minimum of three complete repeti-
tions of the loading cycle following the hydrotest. Addi-
tional cycles may need to be applied’to demonstrate
convergence. If any one of the following conditions is
met, the ratcheting criteria are<satisfied. If the criteria
shown below are not satisfied)the component configura-
tion (i.e., thickness) shall’be modified or applied loads
reduced and the analysis\répeated.

(a) There is no plastic action (i.e., zero plastic strains
incurred) in the component.

(b) There ‘i$yan elastic core in the primary-load-
bearing boutidary of the component.

(c) There is not a permanent change in the overall
dimensions of the component. This can be demonstrated
by developing a plot of relevant component dimensions
versus time between the last and the next to the last cycles.

KD-235 ADDITIONAL REQUIREMENTS FOR
ELASTIC-PLASTIC ANALYSIS

(a) A fatigue analysis shall be conducted in accordance
with Article KD-3, or a fracture mechanics evaluation in
accordance with Article KD-4, whichever is applicable.
The stress and strain values used in these fatigue analyses
shall be obtained from the numerical analysis.

(b) The designer shall consider the effect of component
displacements on the performance of vessel components
and sealing elements, under design, hydrotest, and auto-
frettage loads as appropriate.

KD-236 HYDROSTATIC TEST CRITERIA

KD-236.1 Analysis Using Ideally Elastic-Plastic
(Non-Strain Hardening) Material (See KM-610).

(a) This analysis shall be performed on the vessel for
load combinations of hydrostatic test conditions given in
Table KD-230.4 using the yield strength at test tempera-
ture from Section II, Part D, Subpart 1, Table Y-1.

(b) The collapse loads shall be notless thanload factors
given in Table KD-230.4.

KD-236.2 Analysis Using Elastic-Plastic (True
Stress-Strain) Material (See KM-620).

(a) This analysis may be used for evaluation of the
hydrostatic criteria, in lieu of the elastic perfectly
plastic model described in KD-236.1.

(25)
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(b) The load combination to be used with the model in
KM-620 shall be in accordance with eq. (KD-236.1) in lieu
of that given in Table KD-230.4.

125(P + B + D + 06Wy) (kD-236.1)

KD-237 FLOATING TRANSPORTER (SHIP) LOADS

This paragraph describes the procedure that shall be
used to define the loads on the pressure vessel while
under operation due to the motion of a floating mobile
transporter.

(a) Acceleration loads due to a spectral motion
response, Ly, shall be determined by the vessel’s (or
ship’s) Response Amplitude Operator (RAO). The RAO
describes the motion response of the vessel as a function
of wave frequency. The wave spectrum, S,,,,, is the distri-
bution of wave energy as a function of frequency. The
motion spectrum of the vessel, S,,, is the combination
of the RAO and wave spectrum. Equations (KD-237.1)
through (KD-237.3) below shall be used to determine
the accelerations for a given sea state (based on a
wave spectrum) and direction (based on an RAO).

2 -
S)()( = Sy (RAO) (KD-237.1)
2 -
o’ =[S, (KD-237.2)
o2y = / *S, i (KD-237.3)
where
RAO = Response Amplitude Operator

Sww = wave spectrum

Sxx = motion spectrum

o, = standard deviation of motion ‘response
oz = standard deviation of aceéleration

w = frequency

The same equations shallbe used for both strength and
fatigue assessments. The strength assessment shall use
accelerations for a mdximum sea state event (a 100-yr
hurricane for example). The fatigue assessment shall
use accelerationsfor a multitude of sea states to determine
an acceleratidn\spectrum.

(b) The acceleration loads, L4, found from (a) shall be
applied in-Tables KD-230.1 and KD-230.2.

(e)~Alternative methods of determining acceleration
loads’ are permitted provided the calculation results
are as conservative as those provided by these rules.

KD-240 ADDITIONAL REQUIREMENTS FOR
IMPULSIVELY LOADED VESSELS

The limits of KD-230 shall be met with the following
additional requirements:

(a) All elastic-plastic analyses under KD-230 shall be
conducted using vessel material mechanical properties
evaluated at metal temperature just prior to impulsive
event.

(b) Strain-rate material dependent stress-strain curve
data shall be used where available and as justified by the
designer. Otherwise, static stress-strain curve data shall
be used for all analyses.

(c) The design margin against a plastic instability state
for the specified impulsive load shall be 1.732{For
example, this margin may be demonstrated\by an
elastic-plastic dynamic analysis, with an impulée equal
to 175% of the design-basis impulse, which does not
result in the formation of a plastic,instability state
(e.g., the formation of a complete plastic hinge around
an opening or closure).

(d) For vessels subjected t@ either single or multiple
impulsive loading events, the.principal elastic-plastic
strain components (&1, €3, £g)through the entire wall thick-
ness shall be examined\over strain cycles within a single-
loading event, or stfain cycles within successive loading
events, respectively. The principal elastic-plastic strain
components-ane used in determining the average
through-thicknéss membrane strains. The maximum prin-
cipal elaStic-plastic membrane strain shall not exceed
m, /8, where m; is given in Table KM-620. In addition,
loeal failure damage shall be evaluated (see KD-232).

The Designer shall consider the need to reduce these
strain limits for areas of high biaxial or triaxial tension.

(e) Any bolts shall be in accordance with KD-620. The
equivalent stress due to quasi-static pressure (QSP) shall
be treated as primary. The equivalent stress associated
with the impulse event shall be treated as secondary.
Where bolted joints that form part of the pressure
boundary are sealed with face seals or gaskets, the
design analysis shall demonstrate there is no separation
of the joint faces during the transient. Where bolted
components are sealed with piston seals, the relative
motion shall be considered by the designer.

(f) Thermal-induced skin stresses on the inner surface
of the vessel resulting from the design basis impulse deto-
nation event need not be limited, as these are predomi-
nantly under compression during the transient.

(g) A fracture mechanics fatigue evaluation shall be
conducted in accordance with Article KD-4. One
method of performing this is given in Nonmandatory
Appendix K.

(h) Residual stresses shall be taken into account. Weld
residual stresses shall be analyzed in accordance with
guidance provided in Annex E of API 579-1/ASME FFS-1.

(i) An elastic-plastic analysis shall be conducted using
the hydrostatic test pressure determined in KT-351.
Plastic strain accumulation limits of (d) are applicable.

(j) An elastic-plastic analysis of the dynamic test (see
KT-352) shall be conducted using 125% of the design basis
impulse loading for the worst case operational load
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combination resulting at the limiting section of the vessel.
Plastic strain accumulation limits of (d) are applicable.
(k) An elastic-plastic ratcheting analysis shall be
conducted using the 100% design basis impulse. The
ratcheting assessment shall include evaluation of the
hydrostatic test, dynamic proof test and a minimum of
at least three complete repetitions of the loading cycle.
Additional cycles may need to be applied to demonstrate

convergence. Material properties as defined in (a) and (b)
may be used that includes strain-hardening behavior.

(1) Itshall be verified that fragment-induced damage to
the inner surface of vessels subjected to multiple impul-
sive loading events is not more severe than the flaws
assumed in the fatigue evaluation. If this verification
cannot be established, internal protective lining i$
required.
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ARTICLE KD-3
FATIGUE EVALUATION

KD-300 SCOPE

This Article presents a traditional fatigue analysis design approach. In accordance with KD-140, if it canbe $hown that
the vessel will fail in a leak-before-burst mode, then the number of design cycles shall be calculated in-accordance with
either Article KD-3 or Article KD-4. When using methods of this Article on vessels where leak-beforé=burst has been
established (see KD-141), welded vessel construction details shall be analyzed using the Structural Stress method (see
KD-340). The Structural Stress method shall only be used for welded details. If a leak-before-burstmode of failure cannot
be shown, then the number of design cycles shall be calculated in accordance with Article<KD-4.

KD-301 GENERAL

Cyclic operation may cause fatigue failure of pressure vessels and components. While cracks often initiate at the bore,
cracks may initiate at outside surfaces or at layer interfaces for autofrettaged dnd layered vessels. In all cases, areas of
stress concentrations are a particular concern. Fatigue-sensitive points shall beidentified and a fatigue analysis made for
each point. Theresult of the fatigue analysis will be a calculated number of design cycles Nfor each type of operating cycle,
and a calculated cumulative effect number of design cycles when mereithan one type of operating cycle exists.

The resistance to fatigue of a nonwelded component shall be basedon the design fatigue curves for the materials used.
Fatigue resistance of weld details shall be determined using the Stfuctaral Stress method (see KD-340), which is based on
fatigue data of actual welds.

In some cases it may be convenient or necessary to obtain‘experimental fatigue data for a nonwelded component itself
rather than for small specimens of the material (see KD-¥260). If there are two or more types of stress cycles which
produce significant stresses, their cumulative effect shall be evaluated by calculating for each type of stress cycle the usage
factors Uy, U,, U3, etc., and the cumulative usage factet U in accordance with KD-330. The cumulative usage factor U shall
not exceed 1.0.

KD-302 THEORY

The theory used in this Article postulates that fatigue atany point is controlled by the alternating stress intensity S,;;and
the associated mean stress g,,,, normalto the plane of S,;.. They are combined to define the equivalent alternating stress
intensity S.q, which is used with;the design fatigue curves to establish the number of design cycles Ng

KD-302.1 Alternating Stress Intensity. The alternating stress intensity S, represents the maximum range of shear
stress.

KD-302.2 Associated)Mean Stress. The associated mean stress o, is the mean value of stress normal to the plane
subjected to the maximum alternating stress intensity.

When using the, design fatigue curves of Figure KD-320.2, Figure KD-320.3, Figure KD-320.5, or Figure KD-320.7
(Figure KD-320.2M, Figure KD-320.3M, Figure KD-320.5M, or Figure KD-320.7M), the associated mean stress shall
not be combined with the alternating stress intensity [see KD-312.4(a)].

KD-310 STRESS ANALYSIS FOR FATIGUE EVALUATION

The calculation of the number of design cycles shall be based on a stress analysis of all fatigue-sensitive points.

KD-311 LOADING CONDITIONS AND RESIDUAL STRESSES

In this analysis, consideration shall be taken of the following loadings and stresses.
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KD-311.1 Residual Stresses Due to Manufacturing.

(a) Some manufacturing processes such as forming, etc., introduce residual tensile stresses of unknown magnitude.
Unless these stresses are controlled by some method, such as postfabrication heat treatment or mechanical overstrain
processes like autofrettage, these initial residual stresses shall be assumed to have a peak magnitude corresponding to the
yield strength of the material.

(b) Manufacturing processes such as welding, heat treatment, forming, autofrettage, shrink fitting, and wire wrapping
introduce residual stresses. Tensile residual stresses shall be included in the calculation of associated mean stresses.
Compressive residual stresses may also be included. When calculating the residual stresses introduced by autofrettage,
due account shall be taken of the influence of the Bauschinger effect (see Article KD-5). If any combination of operational
or hydrotest loadings will produce yielding at any point, any resulting change in the residual stress values shall'be taken
into account.

(c) Inwelded construction, no credit shall be taken for beneficial residual stresses within the weld-nietal or the heat-
affected zone.

(d) In austenitic stainless steel construction, no credit shall be taken for beneficial residual\stresses.

KD-311.2 Operating Stresses. Mean and alternating stresses shall be calculated for all loading conditions specified in
the User’s Design Specification. Stress concentration factors shall be determined by amalytical or experimental tech-
niques.

Ranges of stress intensities due to cyclic loadings and associated mean stresses {(residual plus operational) shall be
calculated on the assumption of elastic behavior. If these calculations show that yielding occurs, a correction shall be
made. See KD-312.3.

KD-312 CALCULATION OF FATIGUE STRESSES WHEN PRINCIPAL STRESS DIRECTIONS DO NOT CHANGE

For any case in which the directions of the principal stresses at the'point being considered do not change during the
operating cycle, the methods stated in KD-312.1 through KD-312X4 shall be used to determine the fatigue controlling
stress components.

KD-312.1 Principal Stresses. Determine the values of the.three principal stresses at the point being investigated for
the complete operating cycle assuming the loading and donditions described in KD-311. These stresses are designated o4,
0,, and os.

KD-312.2 Alternating Stress Intensities. Determine the stress differences (maintain the proper algebraic sign for the
complete operating cycle):

S1p =01 — 0y (KD-312.1)
Sy3= 0y — 03 (KD-312.2)
531 =03 — 0] [KD-312.3)

In the following, the symbol S;; is used to represent any one of these three differences.
Identify the algebraielargest stress difference S max and the algebraic smallest difference Sj; i, of each Sj; during the
complete operating,cycle. Then the alternating stress intensity S, is determined by:

Saltij = 0-5(5ij,max - Sij,min) (KD-312.4)

The @bsolute magnitude of these three alternating stress intensities (Saj;,12, Sait,23, and Say 31) are the three ranges of
shearstress that shall be considered in a fatigue analysis. Each will have an associated mean stress (determined below),
which also influences the fatigue behavior.

KD-312.3 Associated Mean Stress.

(a) When using the design fatigue curves of Figure KD-320.2, Figure KD-320.3, Figure KD-320.5, or Figure KD-320.7
(Figure KD-320.2M, Figure KD-320.3M, Figure KD-320.5M, or Figure KD-320.7M), the mean stress shall not be combined
with the alternating stress intensity [see KD-312.4(a)].

(b) When using the design fatigue curves of Figure KD-320.1 or Figure KD-320.4 (Figure KD-320.1M or Figure
KD-320.4M), the associated mean stresses o, ; shall be calculated in accordance with the following method.

The stresses o, normal to the plane of the maximum shear stress, associated with the three S, are given by:
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y,12 = 0.5(01 + 03) (KD-312.5)
04,23 = 0.5(0 + 03) (KD-312.6)
0,,31 = 0.5(03 + 07) (KD-312.7)

In the following, the symbol o, is used to represent any one of these normal stresses.
Identify the maximum 6, ;;max and the minimum 6,, jj min value of each o, ;;during the complete operating cycle. Then the
mean normal stresses 0,,,; shall be calculated by:
For autofrettaged vessels or nonautofrettaged vessel with compressive mean stress
(1) when Sjjax < Sy and Sjmin > =S, then

Onm,ij = O'S(Gni,j, max T Onij, min) (KD-312.8)
(2) when S, 2 S, then
Onm,ij = 0 (KD-312.9)

If neither (1) nor (2) applies, then the stress values used in this analysis shall be detetmined from an elastic-plastic
analysis with ideally elastic-plastic (non-strain hardening) material using S,.. S, is yield'strength at operating temperature
from SectionII, Part D, Subpart 1, Table Y-1. Alternatively, 0, ; may be calculated as équal to 0.5(0,, jimax + On,i;min) but not
less than zero.

For nonautofrettaged vessels with tensile mean stress

(3) when S o < Sy/2 and Sjjmin > -S,/2, then

Onm, ij = 0'5<0ni,j,max + ”ni,j,rnin) (KD-312.10)
(4) when S, 2 S,/2, then
Cum,ij = @ (KD-312.11)

If neither (3) nor (4) applies, then the stress values used in this analysis shall be determined from an elastic-plastic
analysis with ideally elastic-plastic (non-strain hdrdening) material using S, /2. Alternatively, 0,,,, ;; may be calculated as
equal to 0.5 (0p,j,max * Oniimin) but not less than 0.

KD-312.4 Equivalent Alternating Stress Intensity.

(a) For nonwelded construction.mdde of carbon or low alloy steels when using the design fatigue curves of
Figure KD-320.2 (Figure KD-320.2M}, austenitic stainless steels [see Figure KD-320.3 (Figure KD-320.3M)], high-
strength low alloy steel boltingy[see Figure KD-320.5 (Figure KD-320.5M)], or aluminum alloys [see Figure
KD-320.7 (Figure KD-320.7M)], effects of mean stress are incorporated in the design fatigue curves. Therefore:

Seq,ij = Salt,jj (KD-312.12)
(b) For nonwelded*construction made of carbon or low alloy steels when using the design fatigue curves of
Figure KD-320.1(Figure KD-320.1M) or 15-5PH/17-4PH stainless steels [see Figure KD-320.4 (Figure
KD-320.4M)],.the equivalent alternating stress intensity S.q, which is assumed to have the same effect on fatigue
as the combihation of the alternating stress intensity S, and its associated mean stress o, shall be calculated in
accordance) with the equation:
eqij — Salt,ij W
wihtere S}, is the allowable amplitude of the alternating stress component when 6,,,, = 0 and N = 10°cycles (see KD-321). The
value of 8 shall be 0.2 for carbon or low alloy steel forged nonwelded construction [see Figure KD-320.1 (Figure
KD-320.1M)]. The value of § shall be 0.2 for o,,,,, ;< 0 and 0.5 for 6,,,,, ;7> 0 for 17-4PH or 15-5PH stainless steel nonwelded
construction using forgings or bar [see Figure KD-320.4 (Figure KD-320.4M)]. Other values of f may be used if justified by
experimental evidence. If the values of ﬂonm]i]-/s(; exceeds 0.9, limit its value to 0.9.

S (KD-312.13)

Using this equation, three values of S.q ; are obtained. The largest of these three shall be used in combination with the

design fatigue curve to establish the number of design cycles in accordance with KD-322(a) or KD-322(f)
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KD-313 CALCULATION OF FATIGUE STRESSES WHEN PRINCIPAL STRESS AXES CHANGE

When the directions of the principal stresses change during the loading cycle, the plane carrying the maximum range of
shear stress may not be easily identified using equations based on principal stresses. If the maximum shear stress plane
cannot be easily identified, the orientation of each plane at the point of interest can be defined by two angles and a
convenient set of Cartesian axes. By varying this combination of angles in increments, it is possible to determine the range
of shear stress on each plane. The largest of these shear stress ranges shall be considered to be the alternating stress
intensity, S, used in the calculation of design cycles. This procedure for determining the orientation of the planeis
commonly known as the “Critical Plane Approach”.

KD-320 CALCULATED NUMBER OF DESIGN CYCLES

The calculation of the number of design cycles N¢shall be based either on design fatigue curves describédin KD-321 or
on results of experimental fatigue tests on components as stated in KD-1260.

KD-321 BASIS FOR DESIGN FATIGUE CURVES

(a) The conditions and procedures of this paragraph are based on a comparison between’the calculated equivalent
alternating stress intensity S.q and strain cycling fatigue data. The strain cycling fatigue.data have been used to derive
design fatigue curves. These curves show the allowable amplitude S, of the alternating-stress component (one-half of the
alternating stress range) plotted against the number of design cycles N which the component is assumed to safely endure
without failure.

(b) The design fatigue curves have been derived from strain-controlled\push-pull tests with zero mean stress (i.e.,
0.m=0) onpolished unnotched specimens in dry air. The imposed strainshave been multiplied by the elastic modulus and
a design margin has been provided so as to make the calculated equivalent stress intensity amplitude and the allowable
stress amplitude directly comparable. S.q and S, have the dimensiens of stress, but they do not represent a real stress
when the elastic range is exceeded.

(c) The design fatigue curves for forged nonwelded construction presented in Figure KD-320.1 (Figure KD-320.1M)
have been developed from fatigue tests in dry air with polished’specimens of steels having an ultimate tensile strength in
the range of 90 ksito 180 ksi (620 MPato 1 200 MPa). Fatigite tests with small cylinders pressurized from the inside by oil
and made of low alloy steels having an ultimate tensjle\strength in the range of 130 ksi to 180 ksi (900 MPa to 1 200 MPa)
have been used to confirm the validity of these curvesfor carbon or low alloy forgings with machined surfaces. For design
fatigue curves, see Figure KD-320.1 and Table KD-320.1 (Figure KD-320.1M and Table KD-320.1M) for forged carbon or
low alloy steel construction, Figure KD-320.2, (Figure KD-320.2M) for nonforged nonwelded carbon or low alloy steels
having an ultimate tensile strength less thattor equal to 130 ksi (896 MPa) and for forged nonwelded carbon or low alloy
steels having an ultimate tensile strengthléss than 90 ksi (620 MPa), Figure KD-320.3 (Figure KD-320.3M) for austenitic
stainless steel construction, Figure KD-320.4 (Figure KD-320.4M) for 17-4PH or 15-5PH stainless steel construction,
Figure KD-320.5 (Figure KD-320,5M) for high-strength low alloy steel bolting, and Figure KD-320.7 (Figure KD-320.7M)
for aluminum alloy construction.

(d) The design fatigue curyes are not applicable in the presence of aggressive environments. For conditions not
covered by these design fatigue curves, the Manufacturer shall provide supplementary fatigue data.

KD-322 USE OF DESIGN FATIGUE CURVE

The fatigue Strength reduction factor, K5 which accounts for the effect of a local structural discontinuity, shall be
included in a fatigue analysis if the local effect is not accounted for in the numerical model. Recommended values
of K for«threaded connections are provided in (f). If the local effect is accounted for in the numerical model, then
K= 1.0.

fInterpolation between tabular values for individual design fatigue curves in Table KD-320.1 (Table KD-320.1M) is
permissible based upon data representation by straightlines on alog-log plot. The design fatigue curve values for Figures
KD-320.1 and KD-320.2 (Figures KD-320.1M and KD-320.2M) may be linearly interpolated for intermediate values of the
ultimate tensile strength.

(a) Figure KD-320.1 (Figure KD-320.1M) shall be used for forged nonwelded parts with machined surfaces made of
carbon or low alloy steels having a specified minimum value of the ultimate tensile strength S, greater than 90 ksi (620
MPa). The curves are applicable for an average surface roughness of 19R, pin. (0.5R, um) or a maximum surface rough-
ness of 59 pin. (1.5 um) R,,.x (peak-to-valley height) in fatigue-sensitive areas. Lower quality surface finish will influence
fatigue. This influence is considered by a factor K, {see Figure KD-320.6(a) or Figure KD-320.6(b) [Figure KD-320.6M(a)
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or Figure KD-320.6M(b)]}, which shall be combined with S, as specified in (g) when determining the calculated number
of design cycles Ny

(b) FigureKD-320.2 (Figure KD-320.2M) shall be used for nonforged nonwelded parts with machined surfaces made of
carbon or low alloy steels having an ultimate tensile strength less than or equal to 130 ksi (896 MPa), and for forged
nonwelded parts with machined surfaces made of carbon or low alloy steels having an ultimate tensile strength less than
90 ksi (620 MPa). The influence of the surface roughness is included in the curve, i.e., K, = 1.0; therefore, a surface
roughness factor need not be applied.

(c) Figure KD-320.3 (Figure KD-320.3M) shall be used for forged nonwelded parts with machined surfaces made of.
austenitic stainless steels. The influence of the surface roughness is included in the curve, i.e., K, = 1.0; therefore, a surface
roughness factor need not be applied.

(d) Figure KD-320.4 (Figure KD-320.4M)shall be used for nonwelded parts with machined surfaces made of\17-4PH/
15-5PH stainless steel having ultimate tensile strength S, of 115 ksi (793 MPa) or greater. The curve is applieable for an
average surface roughness of 19 R, pin. (0.5 um) or a maximum surface roughness of 59 pin. (1.5 pm) Riz) in fatigue-
sensitive areas. Lower quality surface finish will influence fatigue. This influence is considered by a factor K, {see Figure
KD-320.6(a) or Figure KD-320.6(b) [Figure KD-320.6M(a) or Figure KD-320.6M(b)]}, which shall be.¢combined with S, as
specified in (f) when determining the calculated number of design cycles Ny

(e) Figure KD-320.7 (Figure KD-320.7M) shall be used for nonwelded 6061-T6 and 6061-T651 aluminum alloys.

(f) High-strength alloy steel bolts and studs may be evaluated for cyclic operation by the methods of Article KD-3 using
the design fatigue curve of Figure KD-320.5 (Figure KD-320.5M), provided

(1) the material is one of the following:
(-a) SA-193, Grade B7; SA-193, B16; SA-320, L7
(-b) SA-320, L7M and SA-320, L43
(2) V-type threads shall have a minimum thread root radius no smaller<than 0.032 times the pitch, and in no case
smaller than 0.004 in. (0.102 mm).
(3) filletradii at the end of the shank shall be such that the ratio ofthe fillet radius to shank diameter is not less than
0.060.

The bolt stress shall be determined using the root area. Unlessdt cah be shown by analysis or test that a lower value is
appropriate, the fatigue strength reduction factor for V-type threads, Kj; shall be not less than 4.0 for cut thread and 3.0 for
rolled threads. K, may be assumed to be 1.0 when Figure KD-320.5 (Figure KD-320.5M) is used. The designer should use
caution in calculating bolt load from applied torque. The designer shall consider that corrosion effects on a bolted
connection can reduce bolt fatigue life.

(g) When the operational cycle being considered’is the only one that produces significant fluctuating stresses, the
calculated number of design cycles N is determined as follows.

(1) Evaluate the fatigue penalty factor, K., using AS, and the following equations where parameters m and n are
determined from Table KD-322.1:

K, = 10 for AS, < 25, (KD-322.1)
1—n) [As
=10+ LT BS hos < AS, < 2mS (KD-322.2)
n(m—1) 28, Y Y
1
K, = — for AS, > 2mS, (KD-322.3)

where AS,, jsithe primary-plus-secondary (P, + P, + Q) stress intensity range.
Otherwise, the alternate method given in KD-323 may be used to calculate K..
(2) Identify the applicable fatigue curve for the material as explained in (a).
(3)’ Enter the curve from the ordinate axis at the value:

E(curve)

_E(curve) (KD-322.4)
9 E(analysis)

Sa = KfK,K,S,

where

E(curve) = Modulus of Elasticity given on the Design Fatigue Curve
E(analysis) = Modulus of Elasticity used in the analysis
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(4) Read the corresponding number of cycles on the abscissa. This is the calculated number of design cycles Ny

KD-323 ALTERNATIVE METHOD FOR EVALUATING THE FATIGUE PENALTY FACTOR, K¢
The fatigue penalty factor, K., may be calculated using the following operations:
(Aep)ep + (Agy),

K = (KD-323.1)
¢ (Aey),
where
V2 2 2
(Ag,) = —=|(Ag, 11 — Ag,9y)” + (Ag, 99 — Ag, 33)
Pep 3 1 P22 P22 P33 (KD-323.2)
+(Ae, 33 — Ae, 11) + 1.5(Ae> Ae? a2
9,33 — Agp 117 + LS(Agy 13 + Agy 23 + Agy 31)
(Agy), = 2% (KD-323.3)
€ E
ya
0:S
Ao, = %[(Aq — A6y)? + (Acy — Acy)? + (Ao — Acy)) (KD-323.4)
and where
E,, = the modulus of elasticity at the point under consideration,evaluated at the mean temperature of the cycle
(Agp)., = the equivalent plastic strain range from the elastic-plastic analysis for the points of interest
(Agy). = the equivalent total strain range from the elastic analysis for the points of interest
Ao, = the range of primary-plus-secondary-plus-peakequivalent stress

However, if using this alternative method, K, = 1.0 if shakedown is shown in accordance with KD-234.

KD-330 CALCULATED CUMULATIVE EFFECT NUMBER OF DESIGN CYCLES

Ifthere are two or more types of stress cycles which produce significant stresses, the alternating stress intensity and the
associated mean stress shall be calculated for each type of stress cycle. The cumulative effect of all of the stress cycles shall
be evaluated using a linear damage relationship as specified in (a) through (e).

(a) Determine the number of times each type of stress cycle of type 1, 2, 3, etc., will be repeated during a specific design
service life period based on the expéected useful operating life specified in the User’s Design Specification; designate these
numbers ny, np, nz, etc., or generally n;.

(b) Foreachtype of stressicycle, determine S, by the procedures given in KD-312.4. Designate these quantities S 1, S 2,
Sa3, etc., or generally S, -

(c) Foreach value S;;-use the applicable design fatigue curve to determine the maximum number of design repetitions
N; if this type of cyele were the only one acting. Designate these as Ny, N,, N3, etc, or generally N,

(d) For each-type of stress cycle, calculate the usage factor U; = n;/N;.

(e) Calculate-the cumulative usage factor from:

1
U=Y ZLor=U+0,.. (KD-330.1)

The cumulative usage factor U shall not exceed 1.0.

KD-340 FATIGUE ASSESSMENT OF WELDS — ELASTIC ANALYSIS AND STRUCTURAL STRESS

(a) Anequivalent structural stress range parameter is used to evaluate the fatigue damage for results obtained from a
linear elastic stress analysis. The controlling stress for the fatigue evaluation is the structural stress thatis a function of the
membrane and bending stresses normal to the hypothetical crack plane.
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(b) Fatigue cracks at pressure vessel welds are typically located at the toe of a weld. For as-welded and weld joints
subject to post weld heat treatment, the expected orientation of a fatigue crack is along the weld toe in the through-
thickness direction, and the structural stress normal to the expected crack is the stress measure used to correlate fatigue
life data. For fillet welded components, fatigue cracking may occur at the toe of the fillet weld or the weld throat, and both
locations shall be considered in the assessment. It is difficult to accurately predict fatigue life at the weld throat due to
variability in throat dimension, which is a function of the depth of the weld penetration. It is recommended to perform
sensitivity analysis where the weld throat dimension is varied.

KD-341 ASSESSMENT PROCEDURE

The following procedure can be used to evaluate protection against failure due to cyclic loading using the equivalent
structural stress range.

Step 1. Determine a load history based on the information in the User’s Design Specification and the histogtam devel-
opment methods in KD-350. The load history should include all significant operating loads and events that are applied to
the component.

Step 2. For alocation ata weld joint subject to a fatigue evaluation, determine the individual stre§s-strain cycles using
the cycle counting methods in KD-350. Define the total number of cyclic stress ranges in thévhistogram as M.

Step 3. Determine the elastically calculated membrane and bending stress normal to the assumed hypothetical crack
plane at the start and end points (time points "t and "¢, respectively) for the kth cycle counted'in Step 2. See Section VIII,
Division 2, Annex 5-A for guidance on linearization of stress results to obtain membrane-and bending stresses. Using this
data, calculate the membrane and bending stress ranges between time points "t and."t;and the maximum, minimum, and
mean stress.

Aoy | = (’"a,fl'k + ’”Pk) - ("a;,k + "pk) (KD-341.1)

Aof = "opk — "op (KD-341.2)

Omax k = max[(ma,,eq’k + "pp + mglf,k)) (”g;,k + ”Pk+”0§,k)] (KD-341.3)
Omin k = min[(mgr‘;,k + "Pp+ m%e,k), (no'r‘;]k n nPH"G;f,k)] (KD-341.4)
Omean k = M (KD-341.5)

Step 4. Determine the elastically, calculated structural stress range for the kth cycle, Ac®, using eq. (KD-341.6).
Acf = Act | + Ao, (KD-341.6)

Step 5. Determine the elastically calculated structural strain, Ae®;, from the elastically calculated structural stress, Ac®,
using eq. (KD-341.7).
Acf
Agke = (KD-341.7)
Eya,k

The corresponding local nonlinear structural stress and strain ranges, Ao, and Agy, respectively, are determined by
simultaneously solving Neuber’s Rule, eq. (KD-341.8), and a model for the material hysteresis loop stress-strain curve
givén)by eq. (KD-341.9); see KM-630.

Aoy e Agg = Acf e Agf (KD-341.8)
1
Aty = Ao 2( Aoy )"css (KD-341.9)
ya,k 2K ;g5
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The structural stress range computed solving eqs. (KD-341.8) and (KD-341.9) is subsequently modified for low-cycle
fatigue using eq. (KD-341.10).

E
Aoy = [ y“r’; )Agk (KD-341.10)
1-v

NOTE: The modification for low-cycle fatigue should always be performed because the exact distinction between high-cycle fatigue and
low-cycle fatigue cannot be determined without evaluating the effects of plasticity which is a function of the applied stress rangé and
cyclic stress-strain curve. For high-cycle fatigue applications, this procedure will provide correct results, i.e., the elastically caleulated
structural stress will not be modified.

Step 6. Compute the equivalent structural stress range parameter for the kth cycle using the following equations. In eq.
(KD-341.11), for SI units, the thickness, ¢, stress range, Aoy, and the equivalent structural stress range pasareter, AS.g x,
areinmm, MPa,and MPa/(mm)(z”"”)/zmn, respectively, and for U.S. Customary units, the thickness, ¢, stteSsrange, Aoy, and
the equivalent structural stress range parameter, ASg, are in in., ksi, and ksi/ (in.)&ma)/2m respectively.

Aoy
AS =
ess, k [2_”‘55) (KD-341.11)
tesszmss ° [Mss *far k
where
my = 3.6 (KD-341.12)
t,ie = 16mm (0.625in.) fort < 16 mm (0,625 in.) (KD-341.13)
toss = t for 16 mm (0.625in.) < t <AS0mm (6in.) (KD-341.14)
tess = 150mm (61in.) for £2150 mm (6 in.) (KD-341.15)
1 _ _ 2
s = 1.23 0~364Rh,k 0'17Rb,§ (KD-341.16)
1.0Q7 — 0.306R}, . — 0.178Rj
Acf ‘
‘ bk (KD-341.17)

bk = . .
’ AUm,k ‘ + ‘ Aab,k ‘

1 Omean k = O.SSy’k, and
fue = (1= Rg)™ss for Ry > 0, and (KD-341.18)

At + Aog | <25,

Omean k < O.SSy’k, or
farg = 10 for R <0, or (KD-341.19)
’Aar;’k + Aabe’k‘ > 25, )

Ry = ZJmink (KD-341.20)

Omax, k

Step 7. Determine the permissible number of cycles, Ny, based on the equivalent structural stress range parameter for
the kth cycle computed in Step 6. Fatigue curves for welded joints are provided in KD-370.
Step 8. Determine the fatigue damage for the kth cycle, where the actual number of repetitions of the kth cycle is n,.
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Df = %
k=N (KD-341.21)

Step 9. Repeat Steps 6 through 8 for all stress ranges, M, identified in the cycle counting process in Step 3.
Step 10. Compute the accumulated fatigue damage using the following equation. The location along the weld joint is
suitable for continued operation if this equation is satisfied.

M
= KD-341.22
Df = z Df,k <10 ( )
i=1

Step 11. Repeat Steps 5 through 10 for each point along the weld joint that is subject to a fatigue evaluation.

KD-342 ASSESSMENT PROCEDURE MODIFICATIONS

The assessment procedure in KD-341 may be modified as shown below.
(a) Multiaxial Fatigue. If the structural shear stress range is not negligible, i.e., Aty > Aoy/3, a modification should be
made when computing the equivalent structural stress range. Two conditions need to be considered:
(1) If Aoy and At,are out of phase, the equivalent structural stress range, AS; 1, in Step 6{eq. (KD-341.11) should be
replaced by

0.5
2 2

1 Ao At ]

ASess,k = — = & +3 —kl (KD-342.1)
’ F(8) 2 — mgg 1 > —m NS
Z 0| ¢ Mg oka 55 .I;nss
¢ 2mgg ) —sts
ess tess
where
1 _ < 2
17 1.23 — 0.364Rp; (-0 7R}y 0342
1007 — 0.306R; = 0.178R{; ¢
‘ Arg,
Rpr kS - - (KD-342.3)
’ ATm,k ’ + | ATb,k ‘

= Az, 1 KD-342.4
Aty ATm,k + Arh,k ( )

e M _Nn_e ]
ATi k= Tk T Tmk (KD-342.5)

e _M_e __ N_¢e )
ATf e ="Thk~ Thik (KD-342.6)

In eq. (KD-342.1), F(6) is a function of the out-of-phase angle between Aoy and At if both loading modes can be
described byssinusoidal functions, or:

0.5\03

12 Aakz . Asz o sin”(5) (KD-342.7)

1
F(8) = —=|1+ |1 -
©) = —

V2 (Aakz + 3A1k2)2

A conservative approach is to ignore the out-of-phase angle and recognize the existence of a minimum possible value
for F(6) in eq. (KD-342.7) given by:

F(6) = % (KD-342.8)
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(2) If Aoy and Aty are in-phase, the equivalent structural stress range, AS.x is given by eq. (KD-342.1) with
F(8) = 1.0.

(b) Weld Quality. If a defect exists at the toe of a weld that can be characterized as a crack-like flaw, i.e., undercut, and
this defect exceeds the value permitted by ASME Section VIII, Division 2, Part 7, then a reduction in fatigue life shall be
calculated by substituting the value of I*/™ in eqs. (KD-341.16) and (a)(1)(KD-342.2) with the value given by eq.
(KD-342.9). In this equation, a is the depth of the crack-like flaw at the weld toe. Equation (KD-342.9) is valid
only when a/t < 0.1.

2
1 1229 -0365R; | + 0.789(%) — 0.17R{ i + 13.771 (%) + 1.243Rb,k(%)
IMss =

(KD-342.9)

2
1-0.302R, ;. + 7.115(%) —0.178R{p + 12.903(%) - 4.091Rh,k(%>

KD-350 HISTOGRAM DEVELOPMENT AND CYCLE COUNTING FOR FATIGUE ANALYSIS

This paragraph contains cycle counting procedures required to perform a fatigue assessment-for irregular stress or
strain versus time histories. These procedures are used to break the loading history down infe,individual cycles that can
be evaluated using the fatigue assessment rules of KD-340. Two cycle counting methods afe presented in this paragraph.
An alternative cycle counting method may be used if agreed to by the Owner-Users

KD-351 DEFINITIONS

The definitions used in this section are shown below.

cycle: a relationship between stress and strain that is established by the\specified loading at a location in a vessel or
component. More than one stress-strain cycle may be produced at a’lpcation, either within an event or in transition
between two events, and the accumulated fatigue damage of the stress-strain cycles determines the adequacy for the
specified operation at that location. This determination shall besnade with respect to the stabilized stress-strain cycle.

event: the User’s Design Specification may include one or moréeyents that produce fatigue damage. Each event consists of
loading components specified at a number of time points evera time period and is repeated a specified number of times.
For example, an event may be the startup, shutdown, upsét condition, or any other cyclic action. The sequence of multiple
events may be specified or random.

nonproportional loading: if the orientation of the“principal axes are not fixed, but changes orientation during cyclic
loading, the loading is called nonproportional>An example of nonproportional loading is a shaft subjected to out-
of-phase torsion and bending, where theatio of axial and torsional stress varies continuously during cycling.

peak: the point at which the first derivative of the loading or stress histogram changes from positive to negative.

proportional loading: during constanitamplitude loading, as the magnitudes of the applied stresses vary with time, the size
of Mohr’s circle of stress also varies with time. In some cases, even though the size of Mohr’s circle varies during cyclic
loading, if the orientation of the\principal axes remains fixed, the loading is called proportional. An example of propor-
tional loading is a shaft subjected to in-phase torsion and bending, where the ratio of axial and torsional stress remains
constant during cycling.

valley: the point at.which the first derivative of the loading or stress histogram changes from negative to positive.

KD-352 HISTOGRAM DEVELOPMENT

The loading histogram should be determined based on the specified loadings provided in the User’s Design Spec-
ification:~The loading histogram should include all significant operating loads and events that are applied to the compo-
nent{ The following should be considered in developing the loading histogram:

(a) The number of repetitions of each event during the operation life.

(b) The sequence of events during the operation life, if applicable.

(c) Applicableloadings such as pressure, temperature, supplemental loads such as weight, support displacements, and
nozzle reaction loadings.

(d) The relationship between the applied loadings during the time history.
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KD-353 CYCLE COUNTING USING THE RAINFLOW METHOD

The Rainflow Cycle Counting Method ASTM E1049 is recommended to determine the time points representing in-
dividual cycles for the case of situations where the variation in time of loading, stress, or strain can be represented by a
single parameter. This cycle counting method is not applicable for nonproportional loading. Cycles counted with the
Rainflow Method correspond to closed stress-strain hysteresis loops, with each loop representing a cycle.

KD-353.1 Recommended Procedure.

Step 1. Determine the sequence of peaks and valleys in the loading histogram. If multiple loadings are applied, it maybe
necessary to determine the sequence of peaks and valleys using a stress histogram. If the sequence of events is unknewn,
the worst case sequence should be chosen.

Step 2. Reorder theloading histogram to startand end at either the highest peak or lowest valley, so that onlyfuH cycles
are counted. Determine the sequence of peaks and valleys in the loading history. Let X denote the range under<éonsidera-
tion, and let Y denote the previous range adjacent to X.

Step 3. Read the next peak or valley. If out of data, go to Step 8.

Step 4. Ifthere are less than three points, go to Step 3; if not, form ranges X and Y using the three.most recent peaks and
valleys that have not been discarded.

Step 5. Compare the absolute values of ranges X and Y.

(a) If X <Y, go to Step 3
(b) If X =Y, go to Step 6

Step 6. Countrange Yas one cycle; discard the peak and valley of Y. Record the time points and loadings or component
stresses, as applicable, at the starting and ending time points of the cycle.

Step 7. Return to Step 4 and repeat Steps 4 through 6 until no more time ‘points with stress reversals remain.

Step 8. Using the data recorded for the counted cycles, perform fatigue-assessment in accordance with this Article.

KD-354 CYCLE COUNTING USING MAX-MIN CYCLE COUNTING METHOD

The Max-Min Cycle Counting Method is recommended to deterfniné the time points representing individual cycles for
the case of nonproportional loading. The cycle counting is perfoermed by first constructing the largest possible cycle, using
the highest peak and lowest valley, followed by the second-largest cycle, etc., until all peak counts are used.

KD-354.1 Recommended Procedure.

Step 1. Determine the sequence of peaks and vall€ys in the loading history. If some events are known to follow each
other, group them together, but otherwise arrange the random events in any order.

Step 2. Calculate the elastic stress components, o, produced by the applied loading at every point in time during each
event at a selected location of a vessel. All stress components must be referred to the same global coordinate system. The
stress analysis must include peak stresses at local discontinuities.

Step 3. Scanthe interior points of each'event and delete the time points at which none of the stress components indicate
reversals (peaks or valleys).

Step 4. Using the stress histogram from Step 2, determine the time point with the highest peak or lowest valley.
Designate the time point as.™t; and the stress components as "o;;.

Step 5. 1ftime point "t i$a-peak in the stress histogram, determine the component stress range between time point "t
and the nextvalley in the'stress histogram. If time point "t is a valley, determine the component stress range between time
point "t and the next\peak. Designate the next time point as "¢, and the stress components as "o;;. Calculate the stress
component ranges ‘and the equivalent stress range between time points ™t and "t.

mn m n -

6mnA2 mnAZ mnAZ 05
+ o1y + 03 + 031

mnAS

Step 6. RepeatStep 5 for the current point, "'t, and the time point of the next peak or valley in the sequence of the stress
histogram. Repeat this process for every remaining time point in the stress histogram.

Step 7. Determine the maximum equivalent stress range obtained in Step 5 and record the time points "'t and "t that
define the start and end points of the kth cycle.
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Step 8. Determine the event or events to which the time points "t and "t belong and record their specified number of
repetitions as "N and "N, respectively.
Step 9. Determine the number of repetitions of the kth cycle.
(a) IfN <"N, delete the time point "t from those considered in Step 4 and reduce the number of repetitions at time
point "t from "N to ("N - ™N).
(b) If™N >"N, delete the time point "t from those considered in Step 4 and reduce the number of repetitions at time
point "'t from "N to ("N - "N).
(c) If "N = "N, delete both time points ™t and "t from those considered in Step 4.
Step 10. Return to Step 4 and repeat Steps 4 through 10 until no more time points with stress reversals femain.
Step 11. Using the data recorded for the counted cycles, perform fatigue assessment in accordance with this\Article.

KD-370 WELDED JOINT DESIGN FATIGUE CURVES

KD-371 FATIGUE CURVE MATERIALS

Subject to the limitations of KD-340, eq. (KD-372.1) in KD-372(a) can be used to evaluate design fatigue life of welded
joints for the following materials and associated temperature limits:

(a) Carbon, Low Alloy, Series 4xx, and High Tensile Strength Steels for temperatures ot exceeding 700°F (371°C)

(b) Series 3xx High Alloy Steels, Nickel-Chromium-Iron Alloy, Nickel-Iron-Chromium'Alloy, and Nickel-Copper Alloy
for temperatures not exceeding 800°F (427°C)

(c) Wrought 70 Copper-Nickel for temperatures not exceeding 450°F (232°€C)

(d) Nickel-Chromium-Molybdenum-Iron, Alloys X, G, C-4, and C-276 for.temperatures not exceeding 800°F (427°C)

(e) Aluminum Alloys for temperatures not exceeding 225°F (107°C)

KD-372 DESIGN CYCLE COMPUTATION

The number of allowable design cycles for the welded joint)fatigue curve shall be computed as follows:

(a) The design number of allowable design cycles, N, canbe computed from eq. (KD-372.1) based on the equivalent
structural stress range parameter, AS, x, determined in accordance with KD-340 of this Division. The constants C and h
for use in eq. (KD-372.1) are provided in Table KM-630:"(Table KM-630.1M). The lower 99% Prediction Interval (-30)
shall be used for design unless otherwise agreed to by the Owner-User and the Manufacturer.

1
S Ji[fur e C P (KD-372.1)
fE ASess,lc

(b) If a fatigue improvement method+is performed that exceeds the fabrication requirements of this Division, then a
fatigue improvement factor, f, maybéapplied. The fatigue improvement factors shown below may be used. An alternative
factor determined may also be used if agreed to by the User or User’s designated agent and the Manufacturer.

(1) For burr grinding in-accordance with Figure KD-372.1

f; =10 +25e(10) (KD-372.2)
(2) For TIG, dressing

f; =10 +25e(10) (KD-372.3)
(3)~For hammer peening

fi=10+40e (10 (KD-372.4)

In the above equations, the parameter g is given by the following equation:

1.6
AS,
q=— 00016 e [—“5”‘) (KD-372.5)

us

(c) The design fatigue cycles given by eq. (KD-372.1) may be modified to account for the effects of environment other
than dry ambientair that may cause corrosion or subcritical crack propogation. The environmental modification factor, fz,
is typically a function of the fluid environment, loading frequency, temperature, and material variables such as grain size
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and chemical composition. A value of fz = 4.0 shall be used unless there is specific information to justify an alternate value
based on the severity of the material/environmental interaction. A value of fz = 1.0 may be used for dry ambient air. The
environmental modification factor, f5, shall be specified in the User’s Design Specification.

(d) A temperature adjustment is required to the fatigue curve for materials other than carbon steel and/or for
temperatures above 21°C (70°F). The temperature adjustment factor is given by eq. (KD-372.6).

= Er (KD-372.6)

forr =
MT ™ Eycs
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Figure KD-320.1
Design Fatigue Curves S; = f(N;) for Nonwelded Machined Parts Made of Forged Carbon or Low Alloy Steels for Temperatures Not Exceeding 700°F
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GENERAL NOTES:

a) E =283 x 10° psi

b) Interpolate for UTS = 90 ksi to 125 Kksi.

c) Table KD-320.1 contains tabulated values and equations for these curves, and an equation for an accurate interpolation of these curves:
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Tabulated Values of S,, ksi, From Figures Indicated

Table KD-320.1

Number of Design Operating Cycles, Ny

Figure Curve 5E1/ W1E2 2E2 5E2 1E3 2E3 5E3 1E4 2E4 5E4 1E5 2E5 G5E5 1E6 2E6 5E6 1E7 2E7 5E7 1E8
B20.1 UTS 90 ksi 311 7226 164 113 89 72 57 49 43 34 29 25 21 19 17 16.2 15.7 15.2 14.5 14
B20.1 UTS 125 ksi 317 233 _171 121 98 82 68 61 49 39 34 31 28 26 24 229 22.1 21.4 20.4 197
B20.2 UTS < 80 ksi 275 205 4155 105 83 64 48 38 31 23 20 16,5 135 125 121 11.5 111 10.8 10.3 919
B20.2 UTS 115-130 ksi 230 175 135, 100 78 62 49 44 36 29 26 24 22 20 19.3 18.5 17.8 17.2 16.4 15{9
B20.3 [Note (1)] 378 275 204 A42 110 87 65 52 43 34 289 246 204 18.0 16.2 14.89 14.39 14.3 14.18 1410
B20.4 17-4PH/15-5PH 205 171 149 129/_103 86.1 720 651 60.0 548 516 487 452 428 406 37.8 35.9

stainless steel
B20.5 HSLA steel 450 300 205 122 81 55 33 225 15 10.5 8.4 7.1 6.0 5.3

bolting

GENERAL NOTES:

a) All notes on the referenced figures apply to these data.

b) Number of design cycles indicated shall be read as follows: 1EJ = 1 £40}.e.g, 5E2 = 5 x 10% or 500 cycles.

c) Logarithmic interpolation between tabular values is permissible for individuahfatigue curves based upon data representation by straight lines on a log-log plot. Accordingly, for S;> S > S,

N roetsis) (/)|
N (X
where
S, Sy S; = values of S,
N, N; N; = corresponding calculated number of design cycles from design fatigue data
For example, from the data above, use the interpolation equation above to find the calculated iumber of design cycles N for S, = 50.0 ksi when UTS 2 125 ksi on Figure KD-320.1:

N (20000 [log(61/50) /log(61/49)]
10,000 10,000
N = 18,800 cycles

d) The fatigue curve values in Figures KD-320.1 and KD-320.2 may be linearly interpolated for intermediate values of the ultimate tensile strength.
e) Equations for number of design operating cycles:

(1) Figure KD-320.1, UTS = 90 ksi

311ksi > S, > 42.6ksi N = EXP [15.433 — 2.03011n(S,) + 1036.035In(S,)/5;

—1
N= [(2.127}3—05) + (7.529E-10)S2 — (8.636E—06)ln(Sa)]
N = EXP [-20.01n(S,/35.12)]

17ksi < S, < 42.6ksi
17ksi > S; > 14ksi
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Table KD-320.1
Tabulated Values of S,, ksi, From Figures Indicated (Cont’d)

GENERAL NOTES: (Cont'd)

(2) Figure KD-320.1, UTS = 125-175ksi

-1
317ksi > S, > 60.6ksi N = [0.00122 — (7.852E—05)S, + (7.703 E—06)s;'5]
2
24ksi < S, < 60.6 ksi N= [((7.8628 E—05) + (3.212E—03)S, + (9.36 E—oz)sj]/(l — (8.599E—02)S, + (1.816 E=03)S2 + (4.05774 E—06)s3)]
24ksi > S, > 19.7 ksi N= EXP[—Z0.0 In(8,/49,58)

(3) Figure KD-320.2, UTS < 80 ksi

—1
S, > 38ksi N= [—(7.125 E—04) + (4.4692 E=08)(S)In(S,) + (3.56113—03)/5,9'5]
12.5ksi < S, < 38ksi N= EXP [(18.0353 — 135268, — (1549 B07]87) /(1 — (4.031E-02)s, — (3.854E—03)s§)]
Sy < 12.5ksi N = EXP[-20.01n(S,/24.94)]

(4) Figure KD-320.2, UTS = 115-130 ksi

S, > 43ksi N = EXP [(9,363 — 3.004E—01(S,) + 1488 E—04(Sa2)) / ( 1 — 2.4133E-02(S,) — 1.6829 E—04(sa2))]

20ksi < S, < 43 ki N= [— 1974.51 + 1063.7(5,>%) — 146.64(sa)]/[1 — 6.73933E-01(8,%5) + 1.51483E—01(S,) — 1.1358]5—02(5“1'5)]

Sy < 20ksi N = EXP[-20.0In(S,/39.91)]
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Table KD-320.1

Tabulated Values of S,, ksi, From Figures Indicated (Cont’d)

GENERAL NOTES: (Cont'd)

(5) Figure KD-320.4, 17-4PH/1/5-5PH stainless steel

129ksi < S, < 207 ksi
103ksi < S, < 129 ksi
71ksi < S, < 103 ksi

71ksi > S, > 35.7ksi

(6) Figure KD-320.5, HSLA steel bolting

81ksi < §; < 450 ksi
22.5ksi < S; < 81ksi

8.4ksi < §; < 22.5ksi

$3ksi < S, < 8.4ksi

70ksi > S, > 7.18ksi

7.18ksi > §; > 2.87 ksi

S, > 14.4ksi
S, < 14.4ksi

10(—10.600{log (,)1* + 80.024 [log (S,)]* — 203.37 [log (S,)] + 175.13)

N =
N = 1036735 [log(S)1* — 347.76 [log (S,)]” + 707.66 [log ()] — 475.12)
N = 10(~29:577 [log (S,)1° + 180.59 [log (S,)]" — 37092 log (S,)] + 259.15)

N = 1041740 log (8,)1* = 20151 log (S,)]* + 311.25 [log ()] — 146.68)

10,789. 95,157.4[In(S, 07,873.1
N= —73187 + 2078934 _ [In(S,)] , 407,873

\/(Sa) (Sa) (Su)
Nz 10.878 4 Y7M005  992406[In(S,)] | 1916,134
(S) [(s27] 7]

N= EXP(23.9644 + 142581In (S)1* - 8.2446[ln(5u)]>

N= [(7.6208 E—Oé) — (3.90257E—06) (sa) + (4.97327 15—07)(554)2J_1

(7) Figure KD-320.7, nonwelded 6061-T6 and 6061-T651 aluminum

N = EXP [(7.2617 — 2.1069S, + 6.7452 E—03Sa2)/(1 — 021408, — 2.3734 E—ossf)]

N= [(2.9649E2)/(\/S: - 1.6837)]2

f) Equations shall not be used outside of the cycle range given in the Table.

NOTE: (1) Figure KD-320.3, nonwelded Series 3XX high alloy steel, nickel-chromium-iron alloy, nickel-iron-chromium alloy} and nickel-copper alloy

N = 10(17:0181 — 19.8713log (S,) + 421366[log (S,)])/ (1 — 0.1720606 lo§ S 0.633592 [log($,)]*)

N = 10/ (0331096 + 4.3261 In [log (,)]/[log (S,)1*)
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Figure KD-320.1M
Design Fatigue Curves S; = f(N;) for Nonwelded Machined Parts Made of Forged Carbon or Low Alloy Steels for Temperatures Not Exceeding 371°C
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GENERAL NOTES:

a) E =195 x 10° MPa

b) Interpolate for UTS = 620 MPa to 860 MPa.

c) Table KD-320.1M contains tabulated values and equations for these curves, and an equation for an accurate interpolation of these curves.
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Table KD-320.1M
Tabulated Values of S,, MPa, From Figures Indicated

Number of Design Operating Cycles, Ny

Figure Curve SEl1  1E2 2E2 5E2 1E3 2E3 5E3 1E4 2E4 ©5E4 1E5 2E5 5E5 1E6 2E6 5E6 1E7 2E7 5E7 1E8
320.1M UTS 620 MPa 21401560 1130 779 614 496 393 338 297 234 200 172 145 131 1172 111.8 108.2 1048 100 96.5
320.1M UTS 860 MPa 2190 .1610 1200 834 675 565 469 421 338 269 234 214 193 179 165 1579 1524 147.6 140.7 1358
320.2M UTS < 552 MPa 1900 14107-1070 724 572 441 331 262 214 159 138 114 93 86 83 79 77 74 71 68
320.2M UTS 793 - 896 MPa 1586 1207'.,931 690 538 427 338 303 248 200 179 165 152 138 133 127 123 119 113 110
320.3M  [Note (1)] 2605 1896 1410 981 761 600 447 364 299 235 199 170 140 124 112 102.6 99.2 9854 9774 97.21
320.4M 17-4PH/15-5PH 1410 1180 1030 /889 710 594 496 449 414 378 356 336 312 295 280 261 248

stainless steel
320.5M HSLA steel bolting 3100 2070 1410 841/-558 379 228 155 103 72 58 49 41 37

GENERAL NOTES:

a) All notes on the referenced figures apply to these data.

(b) Number of design cycles indicated shall be read as follows: 1EJ ="1"» A0/, e.g,, 5E2 = 5 x 10% or 500 cycles.

c) Logarithmic interpolation between tabular values is permissible for individual fatigue curves based upon data representation by straight lines on a log-log plot. Accordingly, for S;> S > S,

N Qunflostsss)es(siss)|
NN
where

S, S, S; = values of S,
N, N; N; = corresponding calculated number of design cycles from design fatigue data

For example, from the data above, use the interpolation equation above to find the calculated numbey of design cycles N for S, = 345 MPa when UTS 2 860 MPa on Figure KD-320.1M:

N (20000
10,000 10,000
N = 18,800 cycles

)[log(421 /345) /log(421/338)}

d) The fatigue curve values in Figures KD-320.1M and KD-320.2M may be linearly interpolated for intermediate values of theiltimate tensile strength.
e) Equations for number of design operating cycles:

(1) Figure KD-320.1M, UTS = 620 MPa
2140 MPa > S, > 294 MPa N= EXP [19.353 — 2.03011n(S,) + (49254.161n(S,) — 95099.7) /sj]
—1
117 MPa < S, < 294 MPa N= [(3.79413—05) + (2297 E—12)S? — (8.636 E—Oé)ln(Su)J

117MPa > S, > 96.5 MPa N = EXP[-2001n(8,/242.11) |
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Table KD-320.1M
Tabulated Values of S,, MPa, From Figures Indicated (Cont’d)

GENERAL NOTES: (Cont'd)
(2) Figure KD-320.1M, UTS = 860-1 210 MPa

2190 MPa > S, > 418 MPa

166 MPa < §; < 418 MPa

166 MPa > S, > 135.8 MPa

(3) Figure KD-320.2M, UTS < 552 MPa

S, > 262 MPa

86 MPa < §; < 262 MPa

S, < 86 MPa

(4) Figure KD-320.2M, UTS = 793-896 MPa

S, > 296 MPa

138 MPa < S, < 296 MPa

S, < 138 MPa

—1
N= [0.00122 — (L139E—05)S, + (4255 E—07)s;'5]
2
N= [((7.8628 E—05) + (4.659E—04)S, + (1.97 E—os)sj]/(l — (1247E-02)S, + (3.820E—05)S2 + (1.238 E—os)sg)]
N = EXP [—20.0 ln(Sa/34l.81)]

2 2 s
N= [—(7.125 E—o4) + (9401 E=10)(S))In(S,) — (1.8512 E—09)Su + (9.35E—03)/8% ]
N= EXP[(18.0353 — 0.19617S, — (3258 E—04)S2)/(1 — (5.846 E—03)S, — (8.107E—05)sf)]
N = EXP [—zo.o In(S,/171.96)

N = EXP [(9.2095 — 43897E—02(S,) + 3.3186 E—06(Sa2)) 11 3.60E-03(s,) - 3.4936 E—06(Sa2)>]

N= [—1974.51 + 405.043(8,%%) — 21.2626(5,1)]/[1.0 — 0.256625(8,7%) $2.19648 E—02(S,)

- 6.27115E—04(Sa1'5)]

N = EXP [—Z0.0In(Sa/275,35)]
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Table KD-320.1M
Tabulated Values of S,, MPa, From Figures Indicated (Cont’d)

GENERAL NOTES: (Cont'd)
(5) Figure KD-320.4M, 17-4PH/15-5PH stainless steel

889 MPa < S, < 1 410 MP4 N = 10(—10:600 [log (S,)T* + 106.689 [log (S,)]” — 359.932 [log (S,)] + 408.175)

710 MPa < S, < 889 MPa N = 10(56.735 [log (S,)]° — 49048 [log (S,)17 + 1410.54 [log (,)] — 1346.471)
490 MPa < S, < 710 MPa N = 10(—29:577 [log (ST’ + 254.993 [log (S,)]” — 736.164 [log ()] + 714.587)
490 MPa > §, > 248 MPa N = 10(41.740 [log (S,)P° — 306.509 [log (S,)1* + 737234 [log (S,)] - 573.962)

(6) Figure KD-320.5M, HSLA steel bolting

3100 MPa > §, > 558 MPa N = —7.3187E01 + (2.8331 E04)/S% — (65611 E0S)In(S,)/S, + (4.0791E06)/S,
$58 MPa > S, > 155 MPa N = 1.9878 01 + (1.1798E04)/S, + (4.7180 E07)In(S,) /S
155MPa > S, > S8 MPa N =Exp [4.4080 E01 + (1.1258)In(S,)* — (12592 EOl)ln(Su)]
—1
S8MPa > S, > 37 MPa N= [7.6208 EZ06 = (5.6599E—07)S, + (1,0461E—08)Sa2]

(7) Figure KD-320.7M, nonwelded 6061-T6 and 6061-T651 aluminum

483 MPa > S, > 49.5MPa N= EXP[(7.2617 — 3.0551E-01S, + 1.418215—045“2) /(1 — 3.1034E—02S, — 4.9901 E—ossuz)]

49.5 MPa > S, > 20.0 MPa N = [(29649E2) /(038085 - 1.6837)]2

[f) Equations shall not be used outside of the cycle range given in the Table.

NOTE: (1) Figure KD-320.3M, Nonwelded Series 3XX high alloy steel, nickel-chromium-iron alloy, nickel-iron-chromium alloy, and nickel-copper alloy

S > 992 MPa N = 10(17:0181 — 19.8713log[(28.3/195)S,] + 421366(log[(28.3/195)S,1)*1/(1 — 0.172060616g(28.3/195)S,] — 0.633592 (log[(28.3/195)S,])*)
a = 77~ -

S < 992 MPa N = 101/ (0-331096 + 4.32611In (log [28.3/195)S;])/ (log [(28.3/195)Sa])2)
' .
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Figure KD-320.2

Design Fatigue-€urve S, = f(N;) for Nonwelded Parts Made of Carbon or Low Alloy Steels for Temperatures Not Exceeding 700°F

GENERAL NOTES:

a) E =30 x 10° psi.

b) For forgings, this figure shall only be used for UTS less than 90 ksi.
c) Interpolate for UTS = 80 ksi to 115 Kksi.

1,000
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Number of Cycles, N

d) Table KD-320.1 contains tabulated values and equations for these curves, and a formula for an accurate interpolation of these curves.
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Figure KD-320.2M
Design Fatigue Curve S, = f(N;) for Nonwelded Parts Made of Carbon or Low Alloy Steels for Temperatures Not Exceeding 371°C
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GENERAL NOTES:

a) E =207 x 10* MPa.

b) For forgings, this figure shall only be used for UTS less than 620 MPa.

c) Interpolate for UTS = 552 MPa to 793 MPa.

d) Table KD-320.1M contains tabulated values and equations for these curves, and a formula for an accurate interpolation of these curyes.
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Figure KD-320.3
Fatigue Curve for Nonwelded Series 3XX High Alloy Steel, Nickel-Chromium-Iron Alloy, Nickel-Iron-Chromium Alloy, and Nickel-Copper Alloy for
Temperatures Not Exceeding 800°F

GENERAL NOTES:
a) E =283 x 10° psi
b) Table KD-320.1 contains tabulated values and an equation for this curve, and an equation for an accurate interpolation of this curve.
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Figure KD-320.3M
Fatigue Curve for Nonwelded Series 3XX High Alloy Steel, Nickel-Chromium-Iron Alloy, Nickel-lron-Chromium Alloy, and Nickel-Copper Alloy for
Temperatures Not Exceeding 427°C

GENERAL NOTES:
a) E =195 x 10° MPa
b) Table KD-320.1M contains tabulated values and an equation for this curve, and an equation for an accurate interpolation éf/this curve.
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Figure KD-320.4
Design Fatigue Curve S, = f{N;) for Nonwelded Machined Parts Made of 17-4PH/15-5PH Stainless Steel Bar or Forgings, for Temperatures Not Exceeding 550°F
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GENERAL NOTES:

a) E =29.0 x 10° psi

b) Table KD-320.1 contains tabulated values and an equation for this curve, and an equation for the accurate interpolation of this curve.

c) Whenthe 17-4PH/15-5PH heattreat conditionis H1025 or stronger, this curve may be used only for analysis of either protective liners or inner layers in vessels demonstrated to be leak-before-
burst (see KD-103 and KD-141).

d) Use of this curve is limited to cases where the peak Tresca strain range from mechanical loading is less than 1%.
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Figure KD-320.4M
Design Fatigue Curve(S, = f(N;) for Nonwelded Machined Parts Made of 17-4PH/15-5PH Stainless Steel Bar or Forgings, for Temperatures Not Exceeding 290°C
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GENERAL NOTES:

a) E= 200 x 10° MPa

b) Table KD-320.1M contains tabulated values and an equation for this curve, and an equation for the accurate interpolation of this curve.

c) Whenthe 17-4PH/15-5PH heattreat conditionis H1025 or stronger, this curve may be used only for analysis of either protective liners or inner layersin vessels demonstrated to be leak-before-
burst (see KD-103 and KD-141).

d) Use of this curve is limited to cases where the peak Tresca strain range from mechanical loading is less than 1%.
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Figure KD-320.5
Design Fatigue Curve for High-Strength Steel Bolting for Temperatures Not Exceeding 700°F
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GENERAL NOTES:
(@) E =30 x 10° psi
(b) Table KD-320.1 contains tabulated values and equations for this curve and equations for accurate interpolation of this curve.
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Figure KD-320.5M
Design Fatigue Curve for High-Strength Steel Bolting for Temperatures Not Exceeding 371°C
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GENERAL NOTES:

(a) E =206 MPa.
(b) Table KD-320.1M contains tabulated values and equatiéns for this curve and equations for accurate interpolation of this curve.
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Figure KD-320.6(a)
Roughness Factor K, Versus Average Surface Roughness R, (nin.) AA
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GENERAL NOTES:
(a) See ASME B46.1 for definition of arithmatic average surface roughness; R,.
(b) Curve equations:

R, < 19 pin.

K. =1.0

19 < R, < 250 pin.

K. =1/{- 0.16998 log [R, (pin.)] + 1.2166}
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Figure KD-320.6M(a)
Roughness Factor K, Versus Average Surface Roughness R, (um) AA
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GENERAL NOTES:
(a) See ASME B46.1 for definition of arithmatic average surface roughness, R,.
(b) Curve equations:

R, < 0.48 pm

K. =10

0.5 <R, <64 pm

K. = 1/{ - 0.16998 log [R, (um)] + 0.94545}
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1.5

Figure KD-320.6(b)
Roughness Factor K, Versus Maximum Surface Roughness R, (nin.)
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GENERAL NOTES:

(a) See ASME B46.1 for definition of arithmatic average surface roughness,/R,.

(b) Curve equations:
Rmax < 59 pin.
K. =1.0
59 < Ryax < 785 pin.
K, =1/{ - 0.16998 log [Rmax (pin.)] + 1.3011}

1,000
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Figure KD-320.6M(b)
Roughness Factor K, Versus Maximum Surface Roughness R, (um)
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GENERAL NOTES:
(a) See ASME B46.1 for definition of arithmatic average’surface roughness, R,.
(b) Curve equations:

Ripax < 1.50 um

K. =1.0

1.50 < Rpax < 20 pm

K, =1/{ - 0.16998 log [Rpnax (1m)] #1.02995}
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Table KD-320.7
Tabulated Values of S, Alternating Stress Intensity From Figures KD-320.7 and KD-320.7M

N, Number of Cycles S, With Maximum Mean Stress, Kksi S, With Maximum Mean Stress, MPa
7.0 E+01 70.00 483
1.0 E+02 60.96 420
2.0 E+02 47.20 325
5.0 E+02 34.80 240
1.0 E+03 26.79 185
2.0 E+03 20.00 138
5.0 E+03 13.78 95
7.0 E+03 12.40 85
1.0 E+04 10.93 75
2.0 E+04 9.14 63
5.0 E+04 7.74 53
9.0 E+04 7.18 50
1.0 E+05 6.89 48
2.0 E+05 5.47 38
5.0 E+05 4.36 30
1.0 E+06 3.87 27
2.0 E+06 3.55 24
5.0 E+06 3.29 23
1.0 E+07 3.16 22
2.0 E+07 3.07 21
5.0 E+07 3.00 21
1.0 E+08 296 20
2.0 E+08 293 20
5.0 E+08 291 20
1.0 E+09 2.90 20

GENERAL NOTES:

(a) Number of design cycles indicated shall be as fdllows: 1.0 E+] = 1 x 10/, e.g,, 5.0 E+2 = 5 x 10%

(b) Interpolation between tabular values is permissible based upon data representation by straight lines on a log-log plot. Accordingly, for
Si > S > Sj, (N/Ni) = (Nj/Ni)[IOg (Si/5)/1og (Si/Si]
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Figure KD-320.7
Design Fatigue Curve for Nonwelded 6061-T6 and 6061-T651 Aluminum for Temperatures Not Exceeding 225°F
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GENERAL NOTES:

(a) E =10 x 10° psi.
(b) Table KD-320.7 contains tabulated values.
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Figure KD-320.7M
Design Fatigue Curve for Nonwelded 6061-T6 and 6061-T651 Aluminum for Temperatures Not Exceeding 107°C
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GENERAL NOTES:
(@) E =69 x 10° MPa.
(b) Table KD-320.7 contains tabulated values.

Table KD-322.1
Fatigue Penalty Parameters

Material m n
Low alloy steel 2.0 0.2
Martensitic stainless steel 2.0 0.2
Carbon steel 3.0 0.2
Austenitic stainless steel 1.7 0.3
Nickel-chromium-iron 1.7 0.3
Nickel-copper 1.7 0.3

GENERAL NOTE: The fatigue penalty factor shall only be used if the
component is\not subjected to thermal ratcheting.
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Figure KD-372.1
Burr Grinding of Weld Toe
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stress
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GENERAL NOTE: g = 0.5 mm (0.02 in.) below undercut; r = 0.25t = 4g.
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ARTICLE KD-4
FRACTURE MECHANICS EVALUATION

KD-400 SCOPE

This Article presents a fracture mechanics design
approach. In accordance with KD-140, if it can be
shown that the vessel will fail in a leak-before-burst
mode, then the number of design cycles shall be calculated
in accordance with either Article KD-3 or Article KD-4. Ifa
leak-before-burst mode of failure cannot be shown, then
the number of design cycles shall be calculated in accor-
dance with this Article.

KD-401 GENERAL

(a) This Article is based on the assumption that the
crack initiation stage is complete and that cracks exist
at highly stressed points in the pressure vessel. Cracks
are defined in this Division as flaws that are predomi-
nantly characterized by length and depth, with a sharp
root radius. The principles of linear elastic fracture
mechanics were used to develop the criteria in this
Article for calculating the number of design cycles{to
propagate these cracks to the allowable final crack size
in KD-412.

(b) Manufacturing processes such as welding, heat
treatment, forming, autofrettage, shrink fitting, and
wire wrapping introduce residual stresses. Some
cracks may propagate through the, resulting residual
stress field due to cyclic loading."Asmethod for accounting
for these residual stresses is_given in KD-420.

(c) The critical crack size'for a given loading condition
is defined as the crack size that is calculated using the
failure assessment didgram from API 579-1/ASME
FFS-1. Variation offracture toughness through the thick-
ness of a component shall be considered to ensure the
toughness used’in this Article is representative of the
material.atithe location being considered. The critical
crack size shall be calculated for the most severe combi-
nationof loading conditions. If the critical crack depth is
léss) than the wall thickness, it may not be possible to
assume a leak-before-burst mode of failure. However,
see KD-141.

KD-410 CRACK SIZE CRITERIA
KD-411 ASSUMED INITIAL CRACK-SIZE

The initial crack size to be used forthe calculation of the
crack propagation design cycles shall be based on the
nondestructive examination ‘method to be used. Unless
the nondestructive examination method used can estab-
lish both length and depth of the indication, initial semi-
elliptical cracks are assumed to have an aspect ratio a/¢ of
Ya.

(a) Asurface crack notassociated with a stress concen-
tration shall be'assumed to be semielliptical. The assumed
flaw size shall not be less than the maximum acceptable
nondestructive examination indication as given in Part KE
unless a smaller flaw size is specified in the User’s Design
Specification [see KG-311.12(a)]. If a smaller initial flaw
size is specified, it shall be clearly demonstrated that the
nondestructive examination method used will reliably
detect indications of that size or smaller. The acceptance
criteria for the nondestructive examination method used
shall be equal to or less than the specified initial flaw size.

(b) For a thread root or circumferential groove, the
crack shall be assumed to be annular or semielliptical.

KD-412 ALLOWABLE FINAL CRACK SIZE

To calculate the number of design cycles N, based on
crack propagation, it is necessary to determine an allow-
able final crack size. The allowable final crack size shall be
calculated using the failure assessment diagram (FAD) in
API 579-1/ASME FFS-1. The calculated number of design
cycles is the number of cycles required to propagate a
crack of the assumed initial crack size to that allowable
final crack size. The calculated number of design cycles is
defined as the lesser of

(a) the number of cycles corresponding to one-half of
the number of cycles required to propagate a crack from
the initial assumed crack size to the critical crack size [see
KD-401(c)]

(b) the number of cycles required to propagate a crack
from the initial assumed crack size to the depth as defined
in KD-412.1 and KD-412.2

KD-412.1 Monobloc Vessels. For monobloc vessels,
the allowable final crack depth shall be the lesser of
(a) 25% of the section thickness being considered

(25)
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(b) the assumed initial crack depth defined in KD-411
plus 25% of the dimensional difference between the theo-
retical critical crack depth and that of the assumed initial
crack

KD-412.2 Vessels With Two or More Layers.

(a) For vessels with two or more layers, the final crack
depth in the inner layer may be equal to the layer thick-
ness, provided the theoretical collapse pressure (1.732
times the value calculated in KD-221.2) of the combined
remaining layers is at least 20% higher than the design
pressure of the unflawed vessel.

Otherwise, the allowable final crack depth shall not
exceed 25% of the inner layer thickness.

The theoretical collapse pressure of the combined
remaining layers shall be calculated using the inside
diameter of the innermost of the remaining layers as
the pressure loading diameter.

(b) For all other layers, the allowable final crack depth
shall notexceed 25% of the layer thickness exceptas in (c).

(c) The allowable final crack depth of the outermost
layer also shall not exceed the dimension equal to the
assumed initial crack depth defined in KD-411 plus
25% of the dimensional difference between the theore-
tical critical crack depth and that of the assumed initial
crack.

KD-420 STRESS INTENSITY FACTOR K,
CALCULATION

(a) For finite length cracks, crack growth along the
surface and in the through-thickness directions\§hall
be considered. Crack growth shall be calculated/using
eqs. KD-430(a)(1) and KD-430(a)(2). The.aspect ratio
shall be updated as the crack size increases. Methods
in API 579-1/ASME FFS-1 for the caleulation of stress
intensity factors and reference stresses shall be used
where applicable.

(b) All forms of loading shall.bé considered, including
pressure, thermal, discontinuity, and residual stresses.
Weld residual stresses may be estimated using API
579-1/ASME FFS-1,.BS:7910, finite element, or other
analytical methodss1h.some cases, the stresses produced
by the action of the"fluid pressure in the crack shall be
considered.

(c) The(K)values for all loadings except residual
stresses_shall be assessed by considering their
minimum and maximum values and their chronological
relationship. The combined effects of these loadings

shall be reported as minimum K}k’ min and maximum

K}‘jmaX stress intensity factors. The effects of residual

stresses, such as those due to autofrettage, shrink
fitting, welding, or wire winding, shall be assessed by
calculating an equivalent positive or negative stress inten-
sity factor due to these residual stresses Kf ;. KD-430

specifies how K roq, K[ min and KJ .y are combined to
calculate a crack growth rate which shall be integrated
to solve for a calculated number of design cycles N,
based on crack propagation.

KD-430 CALCULATION OF CRACK GROWTH
RATES

(a) The crack growth rate at the deepest point on_the
crack periphery da/dN, in./cycle (mm/cycle), is assumed
to be a function of the range of stress intensity factor AK,
ksi-in."/? (MPa-m'/%), and the stress intensjty{actor ratio
Ryx where

da .
— = C[f(R AK
o = CIf(RRI(AK)
AK = K;k,max QY K}k, min 1)
and
KI min T KI res
Rg = —
KI max T KI res
and near-the surface from
dl/dN = 2C[f(Rg)](AK)" (2)

where AK is calculated as described above using the
methods in KD-420(a). Equation (2) is only required
for calculation of elliptical crack growth.

When calculating crack growth rates, the plastic zone
correction to the stress intensity factor may be neglected.

If (K}"}max + K], res ) <0, da/dN may be assumed to be equal

to zero. The values of Cand m to be used for some materials
are given in Table KD-430 (Table KD-430M) for the case of
flRK) = 1. If R = 0, then f{Rg) = 1. The relationship f{Rg),
which may be used for some materials, is given in Table
KD-431.

For materials thatare notlisted in Table KD-430, fatigue
crack growth-rate testing shall be conducted in accor-
dance with ASTM E647.

(1) The testing shall be performed for each of three
heats of the material per heat treat condition.

(2) The test specimens shall be in the final heat-
treated condition (if applicable) to be used in the
vessel construction.

(3) Specimen orientation shall be in the TL direction,
as shown in ASTM E399. In the weld metal tests, the notch
shall be machined in the center of the width of the weld
and shall be normal to the surface of the material. In the
heat-affected zone tests, the notch shall be machined
approximately normal to the surface of the material
and in such a manner that the precrack shall include
as much heat-affected zone material as possible in the
resulting fracture.
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(4) Three da/dN versus AK datasets shall be gener-
ated per heat of material.

(5) The upper-bound data shall be used in the frac-
ture mechanics analysis.

(6) The data in the form of da/dN = c(AK)™ shall be
obtained for the full range of AK of interest used in the
fracture mechanics analysis.

(7) TheR-ratio defined as Ky,in./Kimax. shall be notless
than that used in the vessel design.

(8) The data obtained may be used for other vessels
manufactured from the same material specification or
grade or from a similar specification or grade having
the same nominal chemical composition and heat treat-
ment condition, provided the tensile and yield strengths
on the material test report do not exceed by more than 5%
the average values for the material used in the qualifica-
tion tests.

(b) If the value of AK is less than the value of the
threshold AK (AK;) as given by the following equation,
the value of da/dN may be assumed to be zero.

(1) 1f (K] max + Kires) < 0, AK may be assumed to be
equal to zero.
(2) 1f R < 0, i, (Kf min + Kires) < 0, AK compared
with AKy, shall be AK = (Kf max + Kires) instead of eq. (1)
For carbon and low alloy steels [S, < 90 ksi (620 MPa)]

AKy, = thelesser of G(1 - HRk) or I, but not less than 1.8
ksi-in.” (2.0 MPa-ml/z)

For high-strength low alloy steels and martensiticpreci-
pitation-hardened steels [S, > 90 ksi (620 MR3)]

AK,;, = the lesser of G (1-HRy) or I, butdot less than
2 ksi-in.” (2.2 MPa-m?*)

For aluminum alloys

AK,, = the lesser of G (1-HRg) or I, but not less than
0.64 ksi-in.” (0.7 MPa-m”)

Values of G, H, and kfor some common pressure vessel
materials are givein\in Table KD-430 (Table KD-430M).

(c) If corrosionfatigue is involved, crack growth rates
can increase ‘significantly. Environmental effects in
conjunction with loading frequency shall be considered
when calculating crack growth rates.

(d] When the operating temperature is higher than
rgomtemperature, Cin eq. (1) and eq. (2) shall be adjusted
using eq. (3), as follows:

m
C = co(ﬂ) (3)
E
where
C, = room-temperature crack growth rate factor given

in Table KD-430 (Table KD-430M)

E = elastic modulus at operating temperature
E, = elastic modulus at room temperature
m = crack growth rate exponent given in Table KD-430

(Table KD-430M)

KD-440 CALCULATED NUMBER OF DESIGN
CYCLES

Crack growth is dependent on both cyclic stress and the
crack size when the cycle occurs. Thus, theccalculated
number of design cycles N, is highly dependent on the
sequence of loadings. The designep-shall provide a
summary of the sequence and magnitude of all loadings
and a projection of the calculated.craek growth associated
with each point in the loading{sequence. This summary
shall be documented in the Mafiifacturer’s Design Report.

The number of design’Cycles may be calculated by
numerical integration of the crack growth rate
[see eq. KD-430(a){)]. It shall be assumed that K;
values are constaht over an interval of crack growth
Aa and Al that is small relative to the crack size. To
ensure thatthe interval of crack depth is sufficiently
small, the calculation shall be repeated using intervals
of decreasing size until no significant change in the calcu-
latéd number of design cycles N, is obtained.

KD-450 ALTERNATIVE METHODS FOR
GENERATION OF WELD FLAW SIZE
ACCEPTANCE CRITERIA

The Manufacturer shall develop a table of flaw size
acceptance criteria for every weld that s to use alternative
criteria from the requirements of KE-301(i)(3)(-d).

(a) The flaw acceptance criteria shall be developed
based on the initial flaw sizes used in the fracture
mechanics life assessment in Article KD-4.

(b) Theacceptance criteria shall be equal to or less than
the initial flaw size used in each flaw evaluation in
Article KD-4.

KD-451 ACCEPTANCE CRITERIA TABLE

Atable of acceptance criteria shall be developed for each
weld.
(a) The table shall include
(1) a surface-connected flaw that is parallel to the
weld axis
(2) asurface-connected flaw that is perpendicular to
the weld axis
(3) asubsurface flaw that is parallel to the weld axis
(4) a subsurface flaw that is perpendicular to the
weld axis
The definition of a surface-connected flaw from
Figure KE-301-1 shall be used.

(25)

(25)
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(b) Thetable shallinclude the following aspectratios as (c) The specific geometry of each weld shall be used in
a minimum: the fracture mechanics evaluations.
(1) 2 units long to 1 unit deep. (d) All loading conditions, including any residual
(2) 3 units long to 1 unit deep. stresses considering the amount of PWHT used, shall
(3) 6 units long to 1 unit deep. be considered for each weld.

Table KD-430

Room-Temperature Crack Growth Rate Factors (U.S. Customary Units)
Material C,, in./cycle (ksi-in.l/z)'m m G, ksi-in.” H I, ksi-in.”s
Carbon and low alloy steels (S, < 90 ksi) 2.00 E-10 3.07 5.0 0.8 5.0
High strength low alloy steels, S, > 90 ksi 1.95 E-10 3.26 6.4 0.85 5.5
Cast high strength alloy steels (S, > 90 ksi) 2.47 E-9 2.40 NA [Note (1)] \\NA [Note (1)] NA [Note (1)]
Martensitic precipitation-hardened steels 2.38 E-10 3.15 6.4 0.85 5.5
Austenitic stainless steels 1.1 E-10 3.30 NA [Note (1)] NA [Note (1)] NA [Note (1)]
Aluminum alloys 7.01 E-9 3.26 164 1.22 1.64
GENERALNOTE: The effect of the specific corrosive environment and load condition on fatigué,crack growth rate factors shall be considered. The
actual growth rates used in the design shall be by agreement between the User and Manufacturer.
NOTE: (1) Threshold values for cast steels and austenitic stainless steels have not'yet been established.
Table KD-430M
Room-Temperature Crack Growth Rate Factors (S| Units)
Material C,, mm/cycle (MPa-m”*)™ m G, MPa-m”* H I, MPa-m”
Carbon and low alloy steels (S, < 620 MPa) 3.80 E-9 3.07 55 0.8 5.5
High strength low alloy steels, S, > 620 MPa 3.64 E-9 3.26 7.0 0.85 6.0
Cast high strength alloy steels (S, > 90 ksi) 5.0 E-8 240 NA [Note (1)] NA [Note (1)] NA [Note (1)]
Martensitic precipitation-hardened steels 4.49 E-9 3.15 7.0 0.85 6.0
Austenitic stainless steels 2.05 E-9 3.30 NA [Note (1)] NA [Note (1)] NA [Note (1)]
Aluminum alloys 1.31 E-7 3.26 1.8 1.22 1.8

GENERALNOTE: The effect of the specific corrosive environment and load condition on fatigue crack growth rate factors shall be considered. The
actual growth rates used in the design shall be by agreement between the User and Manufacturer.

NOTE: (1) Threshold valuésfor cast steels and austenitic stainless steels have not yet been established.
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Table KD-431
Crack Growth Rate Factors

Carbon and low alloy steels,
S, <90 ksi (620 MPa)

0<Rgk<1
Rk <0

f(Ry) = [2.88/(2.88 - RY|™
fR) = [1/( - RJI™

High strength low alloy steels,
Sy > 90 ksi (620 MPa)

R¢2 0
R[(<O

C, =15 Cs = 3.53

AR = 1.0 + Cs Ry
fRK) = [C2/(C2 - RII™

Martensitic precipitation-
hardened steels

C; =15 C3 =348

Ry 2 0.67 f(Rk) = 30.53R, - 17.0

0 < Rk < 0.67 flRk) = 1.0 + C3 Ry

R <0 flR) = [C/(C2 - RJI™
Austenitic stainless steels

0.79 < R, < 1.0 f(Rk) = -43.35 + 57.97Rg
0 < Rxk<0.79 f(Rk) = 1.0 + 1.8Rg
Rk<0 f(Rx) = 1.0
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ARTICLE KD-5
DESIGN USING AUTOFRETTAGE

KD-500 SCOPE

This Article provides means to calculate residual stress distribution after autofrettage has been performedsin straight
single-wall cylinders with no crossholes or discontinuities. Numerical elastic-plastic analyses or experiniéntal techni-
ques may be used for more complex geometries. Other approaches may be used if they can be shown. to be conservative.

Autofrettage is one of several processes that can be used to produce favorable residual stresses inthick-walled pressure
vessels. Autofrettage may be used alone or combined with other processes such as shrink fitting of‘wrapping to produce a
more favorable residual stress distribution than can be conveniently produced by autofrettagealone. See Article KD-8 for
rules on combining these residual stresses.

The method for vessel fatigue design accounting for the residual stresses prodiiced by autofrettage is given in
Articles KD-3 and KD-4. The guidelines for accomplishing the autofrettage operation-are given in Article KF-5.

Calculations in the Article shall use the dimensions in the new, uncorroded‘condition (see KD-104).

KD-501 THEORY

(a) Thetheory ofautofrettage is based on the fact that the stress in a thiek-walled cylindrical vessel is higher at the bore
than at the outside surface for a given internal pressure. If such a vess€lis subjected to a continuously increasing pressure,
the entire vessel will deform elastically until some pressure is’reached at which the material at the bore begins to
plastically deform. As the pressure continues to increase, the.boundary at which material begins to yield moves
from the bore through the vessel wall until it reaches the“outer wall, causing plastic collapse [see KD-210(f)(6)].
In the process of autofrettage, the pressure is increased from the point of first yielding at the bore to a pressure
that will place the elastic-plastic interface at the desired vadius. The removal of this pressure then produces compressive
residual tangential stress at the bore and tensile-ré€sidual tangential stress at the outer wall.

(b) The effects of these residual compressive ‘tangential stresses are to

(1) increase the value of any subsequent application of internal pressure which will cause the onset of additional
permanent deformation of the cylinder

(2) reduce the effective mean stress value of the cyclic bore stresses and thus increase the fatigue life

(3) reduce the effective fracturesthechanics stress intensity factor at the tip of a crack or cracklike flaw near the bore
due to internal pressure. This will-retard the growth of fatigue or stress corrosion cracks near the bore surface.

KD-502 NOMENCLATURE

A. = cross-sectional'area normal to the longitudinal axis, in.? (mm?)
D = diameter of'the cylindrical vessel at any point in the wall, in. (mm)
D; = inside diameter, in. (mm)
Do = outside.diameter, in. (mm)
Dp = diameter of the plastic-elastic interface before unloading the autofrettage pressure, in. (mm)
D; = diameter where o.z4 = 0,4, in. (mm)
E(=)elastic modulus, ksi (MPa)
F,)= correction factor for the Bauschinger effect for D, < D < Dp
F; = total longitudinal force on the cylinder at the maximum autofrettage pressure. If all of the force on the end
closures is supported by an external device such as a frame, F; = 0 kips (N)
M = wall overstrain ratio, (Dp - D;)/(Do - D))
P, = maximum pressure applied during the autofrettage operation, ksi (MPa)
S, = actual measured yield strength of the material being autofrettaged at the temperature at which the autofrettage
is performed, ksi (MPa)
Y = ratio of Dy/D;

140


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2025.pdf

ASME BPVC.VIIL3-2025

&n = average value of the maximum tangential strain on the outside surface of the vessel, taken at a minimum of three
axial locations and measured at the maximum pressure used for the autofrettage operation P,
&p, = average value of the permanent tangential strain on the inside surface of the vessel, taken at a minimum of three
axial locations and measured after the release of the autofrettage pressure
oap = value of o;gy at D = D), ksi (MPa)
ocp = value of the residual tangential stress at D = D; corrected for the Bauschinger effect, ksi (MPa)
o,z = residual radial stress corrected for the Bauschinger effect, ksi (MPa)
o.ra = first approximation of the residual radial stress after autofrettage for D; < D < Dp, ksi (MPa)
oz = residual tangential stress corrected for the Bauschinger effect, ksi (MPa)
owra = first approximation of the residual tangential stress after autofrettage for D; < D < Dp, ksi (MPa)
v = Poisson’s ratio

KD-510 LIMITS ON AUTOFRETTAGE PRESSURE

There isno specified upper limit on autofrettage pressure. However, the permanent tangentialstrain at the bore surface
resulting from the autofrettage operation shall not exceed 2%.

KD-520 CALCULATION OF RESIDUAL STRESSES

(a) In order to evaluate the design of a vessel utilizing autofrettage, a calculation of the residual stress distribution
produced by autofrettage shall first be performed. This calculation requires knowledge of the actual extent of autofrettage
obtained during the process. This is defined by the diameter of the elastic#plastic interface Dp or by the overstrain ratio
(Dp-D;)/(Do—-D;).Possible methods for determining Dpare given below. Other methods may be used if they can be shown
to be more accurate or conservative.

(b) Machining after autofrettage is permitted. The resulting extentof autofrettage (overstrain ratio) for this condition
is calculated using the final dimensions of the vessel and the assGmption that Dp remains as determined above. However,
any residual tensile stresses introduced by the machiningéhall be considered.

(c) Calculations in this Article shall use the dimensions,in the new, uncorroded condition (see KD-104).

KD-521 CALCULATION OF THE ELASTIC-PLASTIC INTERFACE DIAMETER

The diameter of the elastic-plastic interface Dp may be determined from one or more of the following measurements:
(@) em.
(b) &p.

(c) P4 Thisshall onlybe used to determine Dpifthe value of the resulting overstrain ratio so determined is less than 0.4.

KD-521.1 When Outside Strain Is Known. If ¢, is measured, calculate Dp/D, as follows.
(a) For vessels supporting end\load during autofrettage,

2
PyDj
Ee +v|————

0 — Dj

(Dp/Dp)* = /1158,

(b) For all other cases,

(DP/DO)2 = [Eey + v (Fl/Acs)]/LlSSy

KD-521:2 When Residual Inside Strain Is Known. If ¢, is measured, calculate Dp from the following equation using an
iterative procedure:

2Be,/1155, = (1 - 21/)[In(D12/D1%) - 1] + (2 = v)(Dp/Dp)? + (1 = v)(Dp/Dp)?

[ln(D%/DIZ) + (D - pp) /D&] [1 v+ (1 + L/)Yz]

Y2 -1

KD-521.3 When Autofrettage Pressure Is Known. If P, is measured and the requirements of KD-521(c) are met, then
Dp can be determined from the following equation using an iterative procedure:
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Py = 1155, [ln (Dp/Dy) + (DG - D}) /2D(2)]

KD-522 RESIDUAL STRESSES BETWEEN BORE AND ELASTIC-PLASTIC INTERFACE

The general method for calculating the autofrettage residual stresses is given below for a monobloc cylinder.

KD-522.1 When No Reverse Yielding Occurs. Calculate the first approximation of the tangential and radial residual
stress distributions (o.z4 and o,r4) using eqs. (1) and (2) for D; < D < Dp.

2 2 [ 2 1 ~2 2 ] 2
ora _ DptD0 ln{ﬂ] _ | Do-Dp ln(&J (1 + @) ®

S, 203 Dp) |D§-Df|| 203 Dy )| D
2 2 [ 2 [ p2 2 1 2
ora _ Dp=DO 4 [ D b _|\Bo=Dp oy (Dp o @
= 5— +1n - = 5 5— +1n 1-—=
S, 2D§ Dp | D5-Dr || 2D Dy D

KD-522.2 Correction for Reverse Yielding (Bauschinger Effect). The residual stresses shall be/corrected for the fact
thatreverse yielding may occur on unloading from the autofrettage pressure due to the reductiofvof the compressive yield
strength of the material resulting from tensile plastic deformation. This is known as the Bauschinger Effect. This correc-
tion shall be accomplished as follows:

(a) Using eqgs. KD-522.1(1) and KD-522.1(2), calculate the value of D at which, (0w — 0,84) = 0 using an iterative
procedure, and define this as D,.

(b) Calculate the value of 0,54 at D = D; from eq. KD-522.1(1) and define this a5.0,4p. Calculate the corrected value of the
residual stress at D = D; (defined as o¢p), from both eqgs. (1) and (2) below.

6cp/oap = 16695 — 0.1651Y — 1.8871M + A9837M> — 0.7296M> &y

If the end load on the closures is not supported by the cylinder wall during autofrettage (open end)

ocp/oap = —0.5484 + 1.8141¥°= 0.6502Y> + 0.0791Y> 2

If the end load on the closures is supported by the cylinder wall during autofrettage (closed end), replace eq. (2) with
GCD/OAD = 1.15.

The value of o¢p to be used is the least negative 'value of those determined from eq. (1) or (2) above.

(c) If o¢p/Sy < = 0.7, then let 0¢p/S, = - 0.%

(d) For D; < D < Dy, calculate the residual\stress distribution from eqs. (3) and (4):

gtR _ Dz [In(D/Dy)+ 1]+ Dy —2D
oCD Dz —Dp

(3)

orR _ DzIn(D/Dp)+D;—D
ocp Dz — Dy

4)

(e) For D > Dy, the'residual stresses shall be corrected to ensure that continuity and equilibrium conditions are met.
This shall be accomplished by calculating a correction factor F, as follows:
(1) Calculaté.o.r at D = D using eq. (d)(4) above.
(2) Calctilate 0,54 at D = Dz using eq. KD-522.1(2).
(3) Divide the results of subpara. (1) by the results of subparagraph (2) and this equals Fj,.
(f) Eor'Dz< D < Dp, calculate the residual stresses using eqs. KD-522.1(1) and KD-522.1(2) and multiply the results at
each~value of D by F),.

KD-523 RESIDUAL STRESSES BETWEEN ELASTIC-PLASTIC INTERFACE AND OUTSIDE DIAMETER
For Dp < D < Dy, calculate the residual stresses using eqgs. (1) and (2):
} €Y

2 2 2 2 2
%R _ ply 4 B0 P Di Dp=D5 _ | Dp
s b 2 2 2_ 2 2 D
D ZDO DO_DI 2DO 1
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2 2 2

D, D D

%R _ Fb[l _ O]{P + T
Sy

p*)| 203  D3-D}

212
s o
2D3 Dy

} (2)
KD-530 DESIGN CALCULATIONS

These residual stress values are used in the fatigue analysis as described in Article KD-3 and in the fracture mechanics
analysis as described in Article KD-4.

143


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2025.pdf

ASME BPVC.VIILL3-2025

(25)

ARTICLE KD-6
DESIGN REQUIREMENTS FOR CLOSURES, INTEGRAL HEADS,
THREADED FASTENERS, AND SEALS

KD-600 SCOPE

The requirements in this Article apply to integral heads,
closures, threaded fasteners, and seals. These require-
ments are additional to the general requirements given
in Articles KD-1 and KD-2.

KD-601 GENERAL

(a) Closures, integral heads, threaded fasteners, and
seals shall have the capability to contain pressure with
the same assurance against failure as the vessel for
which it will be used.

(b) The Designer shall consider the influence of cross
bores and other openings on the static strength integrity of
the vessel.

(c) A complete stress analysis shall be made of all
components that contribute to the strength and sealing
capability of the closure.

(d) For applications involving cyclic loads, the require*
ments of Article KD-3, Article KD-4, Article KD-40, or
Article KD-12, as applicable, shall be met for-all)parts
except the sealing element.

(e) Provisions shall be made to prevent $eparation of
joints under all service loadings.

(f) The effects of the total load.,to"be resisted, the
number of threads, the number of threaded fasteners,
the thread form, the relative stiffness of mating parts,
and friction shall be considered in both the static and
fatigue analyses.

(g) Vent passages shall be provided to prevent pres-
sure buildup caused'by accidental or incidental develop-
ment of any secondary sealing areas exterior to the
designated sealing surface (e.g., threads).

(h) Flared)flareless, and compression-type joints for
tubing dre not permitted. Proprietary fittings are
addreSsed in KD-625.

KD-620 THREADED FASTENERS AND
COMPONENTS

(a) Threaded fasteners are frequently described as
bolts, studs, and tie rods.

(b) Straight threads and taper pipe threads shall
conform to the following rules:

(1) Straight threaded connections are_pérmitted as
provided for in this Article.?

(2) Taper pipe threads are permittéd provided the
following rules are met:

(-a) Taper threads shallbe used in nozzle necks on
the inside surface only.

(-b) Thread types_shall be National Gas Taper
(NGT) in accordance with CGA V-1 or in accordance
with ISO 11363-1.

(-c) Nominal thread size shall not exceed 1.0 in.
NGT in accordance with CGA V-1 or 25E in accordance
with ISO 11363-1.

(-d)\Design pressure shall not exceed 6,000 psi (41
MPa),-Maximum design temperature shall not exceed
200°FY93°C).

(-e) An elastic-plastic finite element analysis of
the connection shall be performed in accordance with
KD-230 through KD-236 considering the loads due to
the specified assembly torque and all other load cases
in Table KD-230.1.

(-f) Seal welding of the threads is not permitted.

(c) Where tapped holes are provided in pressure
boundaries, the effect of such holes (e.g., stress riser, mate-
rial loss) shall be considered in the vessel design.

(d) Thread load distribution shall be considered in
design cyclic analysis in accordance with KD-622.

(e) The length of engagement used in design shall be
the minimum that can occur within the drawing tolerances
with no credit for partial threads.

KD-621 ELASTIC-PLASTIC BASIS

The Designer may use the elastic-plastic method and
meet the applicable requirements of KD-230 for all
threaded joints or fasteners of any thread form.

(a) The elastic-plastic rules of KD-231 are applied for
all the loads and load cases to be considered as listed in
Table KD-230.1 and defined in KD-231.2.

(b) The load combinations and load factors as listed in
Table KD-230.4 are applied and the components are stable
under the applied loads.
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KD-622 FATIGUE AND FRACTURE MECHANICS
ANALYSIS

(a) A fatigue analysis in accordance with Article KD-3
orafracture mechanics analysisin accordance with Article
KD-4 is required for all threaded connections.

(b) Thefatigue evaluation ofathreaded jointis made by
the same methods as are applied to any other structure
that is subjected to cyclic loading.

(c) ASME B18.2.2 Standard nuts of materials permitted
by this Division do not require fatigue analysis. Internal
threads mating with a stud or bolt do not require fatigue
analysis for bolting loads. However, the effects of the
internally threaded penetration on the nominal
primary-plus-secondary stresses in the internally
threaded member shall be considered.

KD-623 LINEAR ELASTIC BASIS

Linear elastic analysis of threaded fasteners and compo-
nents may be used in lieu of elastic-plastic methods of
KD-621 for vessels that are permitted by the rules of
KD-200 to use the linear elastic methods of Mandatory
Appendix 9.

KD-624 THREADING AND MACHINING OF STUDS

Studs shall be threaded full length, or shall be machined
down to the root diameter of the thread in the unthreaded
portion. The threaded portions shall have a length of at
least 1'/, times the nominal diameter, unless analysis (see
KD-621) using the most unfavorable combination oftoler-
ances at assembly demonstrates adequate thread engage-
ment is achieved with a shorter thread length.

Studs greater than eight times the nomihal diameter in
length may have an unthreaded portienwhich has the
nominal diameter of the stud, provided-the following re-
quirements are met.

(a) The stud shall be machined down to the root
diameter of the thread fora“minimum distance of 0.5
diameters adjacent to the'threaded portion.

(b) A suitable transition shall be provided between the
root diameter portion and the full diameter portion.

(c) Threads shallbe of a “V” type, having a minimum
thread root radiiis no smaller than 0.08 times the pitch.

(d) Fillet radii at the end of the shank shall be such that
the ratje.offillet radius to shank diameter is not less than
0.06y

KD-625 SPECIAL THREADS AND PROPRIETARY
JOINTS

Mechanical joints for which no standards exist and
other proprietary joints may be used. A prototype of
such a proprietary joint shall be subjected to performance
tests to determine the safety of the joint under simulated
service loadings in accordance with Article KD-12. When
vibration, fatigue, cyclic conditions, low temperature,

thermal expansion, or hydraulic shock is anticipated,
the applicable loads shall be incorporated in the tests.

KD-630 LOAD-CARRYING SHELL WITH
SINGLE THREADED END CLOSURES

Because of the many variables involved, and in order not
to restrict innovative designs, detailed rules are kept to a
minimum. The effects of the total load to be resisted, the
number of threads, the thread form, the relative stiffness
of mating parts, and friction shall be consideredin both the
static and fatigue analyses of the closure. Stresses can be
minimized by providing generous undércuts ahead of the
first threads and providing flexibility)yin mating parts to
promote equalization of the thréad loads.

KD-631 STRESSES IN VESSEL AT THREADS

The Designer shall.identify the area of the threaded
closure where the maximum equivalent stress occurs.
This is generallysthe area at the root of the most
highly loaded thread, which is usually the first or
second thread. Calculation of this equivalent stress
requires.consideration of the actual thread load, stress
concentration factor due to thread form (in particular,
the{thread root radius), thread bending stress, and the
membrane and bending stresses in the vessel at the
thread.

KD-631.1 Longitudinal Bending Stresses. Unlessitcan
be shown by analysis or test that a lower value is appro-
priate, the primary longitudinal bending stress in the
vessel at the first thread shall be considered to be 3.0
times the primary longitudinal membrane stress.

KD-631.2 Circumferential Stresses. The circumferen-
tial stresses are significantly affected by the distance to the
pressure seal. Unless shown by analysis or test that a
lower value is appropriate, the circumferential stresses
in the vessel at the first thread shall be considered to
be those in the cylinder derived with the equations in
9-200. In addition, circumferential stresses due to resul-
tant radial loading of the threads shall be included.

KD-631.3 Thread Load Distribution. In general, the
threads do not carry the end load uniformly. The Designer
shall determine thread load distribution. See E-200.

KD-631.4 Fracture Mechanics Analysis. Fracture
mechanics analysis shall be made in accordance with
Article KD-4. This analysis shall include as a minimum
the combined effects of bending of the thread, and the
shell membrane and bending stresses.

KD-631.5 Progressive Distortion. Screwed-on caps
and screwed-in plugs are examples of nonintegral connec-
tions which are subject to failure by bellmouthing or other
types of progressive deformation. Such joints may be
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subject to ratcheting, causing the mating members to
progressively disengage. See KD-210(f)(9).

KD-631.6 Interrupted Threads. Closures utilizing
interrupted threads may be analyzed as closures with
continuous threads provided that a multiplier is
applied to the resultant stresses. The multiplier is the
ratio of the continuous thread circumferential length to
that of the interrupted thread. The contact length used
when calculating the stress distribution for an interrupted
thread may be less than the thread length because of the
profiling of the thread ends.

KD-634 SPECIAL CLOSURES AND MATERIALS

(a) Threaded closures for which no standards exist
may be used, provided the closure is analyzed in accor-
dance with the rules of Articles KD-2, KD-3, and KD-4, or a
prototype has been evaluated in accordance with the rules
of Article KD-12.

(b) For parts for which itis impossible or impractical to
measure the yield strength after final processing, the
maximum allowable tensile stress at design pressure
shall be one-third the ultimate strength at design tempera-
ture, so long as the final processing does not adversely
affect the ultimate strength.

(c) The loads used in the design of a clamped connec-
tion shall be no less than that determined by
Nonmandatory Appendix G, G-400(b).

KD-640 INTEGRAL HEADS

Integral heads shall be designed in accordance’ with
KD-230 or Mandatory Appendix 9. The desigher may
use Nonmandatory Appendix E instead of KD-230 or
Mandatory Appendix 9 if the conditions in
Nonmandatory Appendix E are satisfied.,

KD-650 QUICK-ACTUATING.CLOSURES
KD-651 GENERAL DESIGN-REQUIREMENTS

Quick-actuating closures shall be so designed and
installed that it can-beydetermined by visual external
observation that the holding elements are in good condi-
tion and that their locking elements, when the closure is in
the closed position, are in full engagement. Alternatively,
other means_ may be provided to ensure full engagement.

KD-652 SPECIFIC DESIGN REQUIREMENTS

Quick-actuating closures that are held in position by
positive locking devices and that are fully released by
partial rotation or limited movement of the closure
itself or the locking mechanism, and any automated
closure, shall be designed to meet the following condi-
tions:

(a) The closure and its holding elements are fully
engaged in their intended operating position before
the vessel can be pressurized.

(b) Pressure tending to open the closure shall be
released before the locking mechanism is disengaged.

(c) A coefficient of friction less than or equal to 0.02
shall be used in the design analysis.

KD-652.1 Permissible Design Deviations for Manu-
ally Operated Closures Quick-actuating closures, that
are held in position by a locking device or mechanism
that requires manual operation and are so designed
that there shall be leakage of the contents-ofithe vessel
prior to disengagement of the locking eléments and
release of closure need not satisfy KD-652(a),
KD-652(b), and KD-652(c). However, such closures
shall be equipped with an audibleé or visible warning
device that shall serve to warn the operator if pressure
is applied to the vessel beforethe closure and its holding
elements are fully engaged.in their intended position and,
further, will serve to,warn the operator if an attempt is
made to operate the lecking mechanism or device before
the pressure within the vessel is released.

KD-652.2 _Yokes. Yokes or frames are quick-actuating
closures-that shall comply with all the requirements of this
Division.

KD-653 REQUIRED PRESSURE-INDICATING
DEVICES

All vessels having quick-actuating closures shall be
provided with a pressure-indicating device visible from
the operating station.

KD-660 REQUIREMENTS FOR CLOSURES AND
SEALS

Therequirement of aleak-tight seal is of primary impor-
tance in closures for high pressure vessels. This is because
even small leaks produce a damaging (cutting) effect
through the sealing surfaces, which may progress
rapidly to increasingly hazardous conditions.

KD-661 REQUIREMENTS FOR CLOSURES

(a) Adequate venting shall be provided in the closure
design in the event of seal failure.

(b) The effects of dilation, distortion, or both on the
closure components under all expected conditions of pres-
sure and temperature shall not result in an increase in the
seal clearances greater than the values required to retain
the sealing element.

KD-662 REQUIREMENTS FORSEALING ELEMENTS

The material selected shall be compatible with all
normally expected process and environmental conditions,
such as pressure, temperature, corrosion, solubility,
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chemical reaction, etc., as specified in the User’s Design
Specification.

KD-662.1 Contained Sealing Elements. The materials
of construction for sealing elements are generally not
covered in Part KM. The User’s Design Specification
shall either specify the required material or furnish

enough information to enable the Designer to make an
appropriate selection.

KD-662.2 Unsupported Metallic Sealing Elements.
Sealing elements which themselves provide the strength
required to contain the pressure (i.e., cone joint, lapped
joint, etc.) shall satisfy the requirements of this Division:
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ARTICLE KD-7
DESIGN REQUIREMENTS FOR ATTACHMENTS, SUPPORTS, AND
EXTERNAL HEATING AND COOLING JACKETS

KD-700 GENERAL REQUIREMENTS

The requirements of this Article are in addition to the
requirements given in Articles KD-2, KD-3, and KD-4.

(a) Supports, lugs, brackets, stiffeners, and other
attachments may be welded or bolted to the vessel
wall. A detailed fatigue and fracture mechanics analysis
in accordance with the requirements of Article KD-3 or
KD-4, as applicable, of the effect of all attachments on
the pressure boundary is required.

(b) Attachments shall approximately conform to the
curvature of the shell to which they are to be attached.

(c) Attachments may be welded to a pressure vessel
only as permitted by the rules of this Division.

(1) Resistance welded studs, clips, etc., shall not be
used.

(2) Some acceptable types of welds are shown in
Figure KD-700.

(3) All welds joining nonpressure parts to pressutre
parts shall be continuous full-penetration welds; see
KF-220(c).

(d) Attachments may be welded directly/to” weld
deposit cladding, in which case the following require-
ments shall apply.

(1) For clad construction, attachménts may be made
directly to the cladding only if loadingsproducing primary
stresses in the attachment weld do-not exceed 10% of the
design equivalent stress value\of the attachment or the
cladding material, whicheyenis less. For higher loadings,
there shall be sufficient attachment welding either directly
to the base metal or.tg.weld overlay cladding to develop
the strength for the primary stress loadings (portions of
weld not required for strength, e.g., for weld continuity or
sealing, may.be welded directly to the cladding).

(2) Forlinings, attachments should be made directly
to the base‘metal or to weld overlay cladding. Analysis and
tests~shall be made to establish the adequacy and relia-
bility’ of attachment before making any attachments
directly to the lining (successful experience with
similar linings in comparable service may provide a
basis for judgment).

KD-710 MATERIALS FOR ATTACHMENTS
KD-711 ATTACHMENTS TO PRESSURE PARTS

Those attachments welded directly to pressure parts
shall be of a material listed, in’ Part KM. The material
and the weld metal shall.he ‘compatible with that of
the pressure part. The designer is cautioned to consider
the effects of differences in coefficients of expansion
modulus of elasticity and yield strength between materials
at the design temperature.

KD-712 MINOR ATTACHMENTS

Minor/attachments are defined as parts of small size
[not over % in. (10 mm) thick or 5 in.® (80 000 mm?®)
volume] carrying no load or insignificant load requiring
no load calculation in the Designer’s judgment, such as
nameplates, insulation supports, and locating lugs.

Except as limited by Part KF or Part KM, where no
welding is permitted, minor attachments may be of mate-
rial not listed in Section II, Part D and may be welded
directly to the pressure part, provided

(a) the material is identified as complying with an
ASTM specification and is suitable for welding

(b) the material of the attachment and the pressure
part are compatible insofar as welding is concerned

(c) the welds are postweld heat treated when required
in Part KF

KD-720 WELDS ATTACHING NONPRESSURE
PARTS TO PRESSURE PARTS

KD-721 LOCATION RESTRICTIONS

Welds attaching nonpressure parts to pressure parts
shall be no closer than (R,t,)*> to a gross structural
discontinuity, where

R,, = mean radius of curvature of shell at the disconti-
nuity
t, = shell thickness
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Figure KD-700

Some Illustrative Weld Attachment Details

Continuous Continuous

Lt S )

N s

(a) Bracket and Lug Attachments (b) Bracket and Lug Attachments

N\ = 1/4 in.
r=1/4in. (6 mm) \ (6 mm)

r= 1/4 in.
(6 mm)

r=Y,in. (6 mm)
Weld metal
buildup

(d) Section A-A

Full

penetration
weld
W

Forging

(c) Support Skirts
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KD-722 TYPES OF ATTACHMENT WELDS

Attachment of nonpressure parts to pressure parts shall
be one of the following types:

(a) full-penetration weld® [see Figure KD-700, illustra-
tion (c)]

(b) full-penetration weld plus fillet weld on one or both
sides, in accordance with Figure KD-700, illustrations (a)
and (b)

KD-723 STRESS VALUES FOR WELD MATERIALS

Attachment weld strength shall be based on the
minimum weld area and the design equivalent stress
value in Section II, Part D and stress criteria in
Mandatory Appendix 9 for the weaker of the two materials
joined.

KD-724 ATTACHMENT WELDS — FATIGUE
ANALYSIS

The fatigue analysis evaluations of Article KD-3 or KD-4,
as applicable, shall apply.

KD-730 DESIGN OF ATTACHMENTS

The effects of attachments, including external and
internal piping connections, shall be taken into account
in checking for compliance with the other requirements
of this Division.

KD-740 DESIGN OF SUPPORTS

(a) Vessel supports shall accommodate the maxithum
imposed loadings. The imposed loadings include/those
due to pressure, weight of the vessel and .its contents,
machinery and piping loads, wind, earthquake, etc.

(see Article KD-1). Wind and earthquake loads need
not be assumed to occur simultaneously.

(b) Supports within the jurisdiction of this Division
shall meet the requirements of Article KD-2.

(c) Supports of vertical vessels provided with remo-
vable bottom closures shall be designed so as to allow
the bottom closure to be periodically removed for
service and inspection.

(d) Loads imposed on the pressure-retaining compo;
nents from the supports shall be considered i ‘the
design (see KD-110).

When the support method is unknown at the’ time of
manufacture, the Manufacturer shall doéument in the
Manufacturer's Design Report all parameters used in
the design of the pressure vessel that\are required for
the User to complete the design©f-the support.

KD-750 JACKETED VESSELS

When a vessel constructed to this Division is to be fitted
with a jacket for heating-or cooling purposes, the jacket
shall meet the following rules:

(a) The portionof ajacket welded directly to a Division
3 vessel shall meet the rules of Division 3 for the direct
attachment weldment (actual attachment weld and
attachimeént material) as covered by Parts KF and KM.
The remainder of the jacket shall meet the design
riles” of this Division, Division 2, or Division 1, in accor-
dance with the User’s Design Specification.

(b) A jacket attached by means other than direct
welding to the vessel shall meet the design rules of
this Division, Division 2, or Division 1. Spacer bars and
jacket closures shall meet the materials and fabrication
requirements of the same Division.
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ARTICLE KD-8
SPECIAL DESIGN REQUIREMENTS FOR LAYERED VESSELS

KD-800 GENERAL

(a) For the purposes of this Division, a layered vessel is
defined as any cylindrical or spherical vessel that is
constructed of two or more concentric, hollow cylinders
or spheres assembled in such a way that the outer surface
of each cylinder or sphere is in contact with the inner
surface of the next larger cylinder or sphere. Each indi-
vidual cylinder or sphere is referred to as a layer.

(b) There are three types of layered vessel construc-
tions considered in this Article:

(1) vessels made of forged, machined layers that are
shrink-fitted together

(2) vessels made of rolled, welded, and machined
layers that are shrink-fitted together

(3) vessels made of concentrically wrapped and
welded layers

(c) This Article addresses layers and inner shells (see
KD-104) that are considered in the static strength of the
vessels. Liners are not considered in the static strengthvof
vessels and shall meet the requirements of KD-103.

KD-801 DESIGN CRITERIA

(a) The static strength oflayered vesséls with no signif-
icant gaps between the layers, those thatimeet the require-
ments of KD-810, or those for which,Q, = 1 (see KD-822
and KD-824) shall be determined in accordance with
Article KD-1 and either Article KD-2 or Mandatory
Appendix 9.

(b) The equations given in this Article are based on
elastic analysis. Howeéver, in the case of shrunk fit
vessels, if additional‘prestressing is obtained from auto-
frettage, the residual stress distribution from the local
plastic deformation shall be calculated in accordance
with theertiles of Article KD-5. In determining the final
residual)stress distribution using an autofrettaged
liner,_the nonlinear effects of the Bauschinger effect
shall be considered.

(c) The beneficial residual stress distribution in vessels
assembled by shrink fitting shall be calculated according
to the rules given in KD-810. For welded layer shrink-fit
vessel construction, the beneficial effects from the resi-
dual stress shall only be considered in the Article KD-3
and Article KD-4 analysis in areas of the vessel not
located in a weld or a heat-affected zone of a weld.

(d) Concentrically wrapped, welded, layered vessels
shall be treated as monobloc vessels except that the
radial and circumferential stresses shall be calculated
with corrections for the effects ¢f the gaps between
the layers. Rules for calculating these stresses are
given in KD-820. No beneficial-éffects from compressive
residual stresses shall be considered in the fatigue analysis
of these types of vessels.

KD-802 NOMENCLATURE

D = diameter at any point in the wall, in. (mm)

D; = diameter of inside surface of innermost layer,
in,y (mm)

Ds;=\diameter of the interface between layers, in. (mm)

BD,{= diameter of outside surface of layer n, in. (mm)

Dp = diameter of outside surface of outermost layer,
in. (mm)

E = elastic modulus, ksi (MPa)

E; = elastic modulus of inner layer, ksi (MPa)

E, = elastic modulus of the nth layer, ksi (MPa)

Eo = elastic modulus of outer layer, ksi (MPa)

F. = calculated factor for circumferential expansion of
permissible layer gaps

K = layer number that diameter D is within

N = total number of layers

P = pressure, ksi (MPa)

Py = interface pressure between shrunk fit layers,
ksi (MPa)

P, = pressure between layers n and n + 1, caused by
layer interference, ksi (MPa)

P, = internal test pressure, ksi (MPa)

Q. = ratio of the measured circumferential displace-
ment at hydrotest to the calculated value of a
vessel with zero gaps

Y = Do/D;

Y; = ratio of outside diameter to inside diameter of
inner layer

Y, = ratio of outside diameter to inside diameter of
outer layer

en = actual circumferential growth, in. (mm), to be
measured at the hydrotest pressure as specified
in KD-822 and KD-824

e, = theoretical circumferential growth, in. (mm)

n = layernumberin which stresses are to be calculated
t = total thickness, in. (mm)
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t, = thickness of layer n, in. (mm)
6 = diametrical interference between inner and outer
layers, for two-piece shrink-fit vessels only,
in. (mm)
6, = diametrical interference between layers n and
n + 1, in. (mm)
v = Poisson’s ratio
v; = Poisson’s ratio for inner layer
v, = Poisson’s ratio for outer layer
o, = radial stress component at radius r, ksi (MPa)
o, = radial residual stresses, ksi (MPa)
o, = tangential stress component at radius r, ksi (MPa)
o, = tangential residual stresses, ksi (MPa)

KD-810 RULES FOR SHRINK-FIT LAYERED
VESSELS

(a) This type of construction differs from concentri-
cally wrapped and welded layers in that each layer is fabri-
cated individually and machined to cause an interference
pressure to exist in the assembled layered vessel. The
manufacture and assembly of the cylindrical layers
shall be accomplished so that the interference stress
distribution in all layers can be determined within
+10%. Documentation of the manufacturing and assembly
process shall be reviewed by the Professional Engineer
who signs the Manufacturer’s Design Report so that
the actual stress distribution in the completed vessel
can be verified.

(b) The finalresidual stress shall be calculated and shall
not exceed the yield strength in any layer at any diarheter
for the interference fit condition except in the case/of auto-
frettaged liners [see (c)].

(c) Residual stresses from the interference fitting
operation shall be combined with other residual stresses
from other manufacturing or assembly~0perations in the
layers or completed vessel. See KD-801(a) and KD-801(b).
Plastic analysis in accordance with KD-230 may also be
used.

(d) Any reduction in yield strength or relaxation in the
residual stress distribution due to elevated temperatures
during the shrink-fittihg operation or as a result of
welding shall be censidered.

(e) Rules for vessels constructed from two layers are
given in KD-811 and rules for vessels constructed of more
than tworlayérs are given in KD-812.

(f) For.shrink-fit vessels of two or more layers, the
Desigiier may assume a leak-before-burst failure mode
for\the vessel if all the following conditions are met:

(1) Afastfracture failure of one or more inner layers
causes no parts or fragments to be ejected, and one or
more outer layers remain intact.

(2) The end closures remain intact and in place.

(3) The calculated collapse pressure of the
remaining intact vessel’s pressure boundary shall be
greater than 120% of the design pressure of the entire
vessel.

The materials used in the construction of the inner
layers that are assumed to fail in a fast fracture mode
must meet the Charpy V-notch impact energy require-
ments stated in their applicable material specification
in Section II, but do not have to meet the additiohal
Charpy V-notch impact energy requirements givén in
Table KM-234.2(a). All of the pressure boundary €empo-
nents that are assumed to remain intact shall\mheet the
requirements given in Table KM-234.2(a)!

Some plastic deformation is permittéd jin this type of
failure. It is also recognized that.some leakage from
the vessel may occur and the DeSigner is cautioned
that this type of analysis may/not'be appropriate if the
vessel contains harmful or dethal substances.

KD-811 CONSTRUCTION WITH ONLY TWO LAYERS

KD-811.1 Interference Pressure. The interference
pressure betweeh.the inner and outer layers is calculated
as follows:

Pr= —
if DifA
where
2 2 2 2
1 DI + le 1 le + DO
=l 2 Ut 2t
Er| D - Dp Eo| D - Di

This analysis assumes that there is no longitudinal force
transmitted between the inner and outer cylinder due to
friction at the interface. In some cases of shrink fit, lon-
gitudinal stresses can be developed which will affect the
interface pressure obtained due to the Poisson effect. For
such cases, a more detailed analysis is required to deter-
mine the residual stresses.

KD-811.2 Residual Shrink-Fit Stresses. The residual
stresses at any point removed from discontinuities in

the inner layer, D; < D < Dy are then calculated from
egs. (1) and (2):

2
PfY; D?
== {1+ % M
Yi—1 D
2
P.rY: DZ
. L § R @
Yy -1 D

and in the outer layer, Dir< D < Dy, from egs. (3) and (4):

P; D2
o= |1+ 0 3)
Y, -1 D
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Figure KD-812
Diameters and Layer Numbers for Concentric Shrink-Fit
Layered Cylinder

Py D
O = 1-—= 4
" Y§—1( p? )
where
Y; = Dy /Dy
Y, = Do/Dyf

KD-811.3 Final Distribution of Residual Stresses. If
the vessel components contain known residual stresses
produced by autofrettage prior to assembly, these residual
stresses shall be combined with the stresses determined
from eqs. KD-811.2(1) through KD-811.2(4) above to
determine the final distribution (ofjresidual stresses
after assembly; see KD-801(a) and KD-801(b).

KD-812 CONSTRUCTION WITH MORE THAN TWO
LAYERS

For the case of vesséls composed of more than two
layers assembled with interference, the following proce-
dure shall be wused.

(a) Assemble the first two layers and calculate the resi-
dual stresses as in KD-811.

(b). Determine the interference between this assembly
and the next layer and calculate the resulting residual
sttesses as if the first two layers were a single layer. If
the first two layers do not have the same elastic
modulus, then an appropriate composite value shall be
used.

(c) Addthestresses calculated in (b) to those calculated
in (a) and determine the total residual stress distribution
in the resulting assembly. This procedure may be repeated
for any number of successive layers.

(d) Equations for calculating the linear elastic stress
distribution in a layered cylindrical vessel are given
below (see Figure KD-812).

(1) Layer interference pressure:

2 2 2 2

P = 6,E (Dn _DI)<Dn+1 - Dn)
" 2p3 D2, | - D}
n n+1 1

(2) Tangential layer stress component due to
prestress:
(-a) for D>D, K> 1,

2 2 2} N 2

oy = Pr—1Dg—1 (DK + 1] _ [1 + DI] B:Dy
) 2 2 2 Z 2 2
Dg — Dk—1\ D D"}, —x D —Di

(-b) for K=1,D > D, Px.1 =P, =0,

N
O'tr=_[

n=1
(3) Radial layer stress component due to prestress:
(-a) for D> D, K> 1,

2
D
1+ —L
D

B,Dy
D} — D}

n
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2 2 2
- Px—1Di—1 | Dk _ | _ |, _ D1
" DpE-Dp}_,|D? p?

Kk — Dk-1

N

Y A

2 _ 2

n=K Dn - DI

['b) for K = 1,D>D1, PK_]_:PI:O,

2\ N 2
; __[I_D_I}z _BDY
e 2 2 2
D) =, Du —Dp

KD-820 RULES FOR CONCENTRICALLY
WRAPPED AND WELDED LAYERED
VESSELS

KD-821 WELDED LAYERS

The rules given in KD-820 are valid only if (a) through
(d) are met.

(a) Each layer shall have an outer diameter to inner
diameter ratio no greater than 1.10 and a minimum
layer thickness of %, in. (6 mm).

(b) Alllayers in a vessel shall have the same modulus of
elasticity and Poisson’s ratio over the design temperature
range.

(c) No beneficial effects from prestress can be taken
into account in the fatigue analysis of the vessel.

(d) The effects of gaps between layers on the stress
developed in the layers shall be considered in the
stress analysis of the vessel; see KD-822 through KD-825,

KD-822 CIRCUMFERENTIAL EXPANSION OF
CYLINDRICAL LAYERS

When a layered cylindrical shell is pressurized, the
outside circumference will not expand asmuch as a mono-
bloc vessel of the same dimensions unless all layers are in
intimate contact with each other. Aumeasure of the extent
of the gaps between layers is to'Calculate the circumfer-
ential expansion e, [see eq. (1)} of a monobloc cylindrical
shell of the same dimensions and compare that to the
actual measured circphiferential expansion e, of the
layered vessel. This'is done at the hydrotest pressure.
The ratio of the actual expansion during hydrotest,
divided by the\theoretical elastic expansion during
hydrotest i denoted as Q. [see eq. (2)].

B(2 —v)aDp
E(Y?-1)

1

The designer may perform a more rigorous analysis to
calculate e, considering end effects and constraint.

e
ch_m

th

(2)

Q. shall be between 0.5 and 1.0; see KF-827.

KD-823 CALCULATION OF STRESSES IN
CYLINDRICAL SHELLS

The designer shall assume a value of Q. between 0.5 and
1.0 to determine the stress distribution in the vessel. The
actual value of Q. measured at hydrotest shall be reported
to the designer to verify that the vessel meets the rules of
this Division. Assuming a value of Q. or using the
measured value of Q. the value of F,, the gap correction
factor, is calculated using eq. (1):

2PDE(10- Q)

: —— 1
D5 — Dj

Once the value of F, is known for a particular vessel, the
three principal stresses due to internal pressure are calcu-
lated according to egs. (2), (3),,and/4). These calculated
stresses are primary membrané stresses used in 9-200,
and in place of those calculated in 9-300 for a monobloc
vessel, and must meet the:requirements of 9-210.

PD7 (3% D?)

B Do+ D;—2D )
o= DZ(DZ D2) ¢ Dp-D @
0~ D1 1
2
1 PD I 1
6= B{—PDI + ———|D - Dy - D(Z)(B - 5)
D5 — Di 1 3)
R 2
+ D(DI =+ Do) D DODI
Do — Dy
2
o= @)
Do - Dy

KD-824 CIRCUMFERENTIAL EXPANSION OF
WELDED LAYERED SPHERICAL SHELLS
AND HEMISPHERICAL HEADS

The theoretical circumferential expansion of a spherical
shell ata given pressure e, is given by eq. (1). The ratio of
the actual circumferential expansion in alayered spherical
vessel measured at the hydrotest pressure e, to the theo-
retical expansion at the same pressure Q. is given by eq.

(2):
_ 3P(1 —v)aDg

(63)]
2E(Y3-1)

eth

Q= @

th

Q. shall be between 0.5 and 1.0; see KF-827.
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KD-825 CALCULATED LAYER STRESS IN
SPHERICAL SHELLS AND
HEMISPHERICAL HEADS DUE TO
INTERNAL PRESSURE

(a) Tangential layer stress component due to internal
pressure

3(13 3
PDj (Do +2D ) D; + Do — 2D
0y =
20%(pg - 17) Do - Dp
where

1SD{P(1.0 — Q)
3 3
Dp — Dp

[

(b) Radiallayer stress component due to internal pres-
sure

3
1 2 PDj 2 2 3[ 1 1
Gr=—2—PDI+ 3 3D—DI—DOB—H
D D - Dj I
3 3
E 4D°> - D
+ 5 ¢ D2(D1+DO)—I—DOD12}
o—Dr

KD-830 DESIGN OF WELDED JOINTS

(a) For vessels assembled by shrink fitting cylindrical
shells, all welds in the individual layers shall be Type No. 1
butt welds in accordance with the requirements ©of
Article KD-11, Article KF-2, and Article KF-4. These

welds shall be ground flush to provide smooth continuous
surfaces at all layer interfaces so that the requirements of
KD-810(a) are met.

(b) For vessels assembled by the concentrically
wrapped, welded layer technique, the weld in the inner-
mostlayer shall be a Type No. 1 butt weld, and the welds in
all other layers shall be Type No. 2 butt welds. Additional
welding requirements to those in (a) are given in Aftigle
KF-8.

(c) Some acceptable examples of welded conStruction
are shown in Figures KD-830.1 through KD:830.6.

KD-840 OPENINGS AND THEIR
REINFORCEMENT

All reinforcements required)for openings shall be inte-
gral with the nozzles or preyidéd in the layered section or
both. Additional complete fufll circumferential layers may
be included for required reinforcement. Pad type rein-
forcements are not permitted. See Nonmandatory
Appendix H.

KD-850 "SUPPORTS

Some acceptable support details are shown in
Figure KD-850. The design and attachment details shall
be/in accordance with Article KD-7. Local loadings
imposed on the outer wraps by the supports shall be
considered.
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Figure KD-830.1
Acceptable Layered Shell Types
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Figure KD-830.2
Some Acceptable Solid-to-Layered Attachments

% %

3:1 taper min. 3:1 taper min.

[Note (1)1\ [Note (1)1\

Weld Line (Category B)

i NN

(a) For Layers Over 5/g in. (b) For Layers 5/gdn. (16 mm)
(16 mm) Thickness or Less in Thickness
ty
—» Y
/ Butt weld liné
2/ I
£=3Y

L=3Y

>y

— tg —> -— tg

(c) For Layers 5/g in16' mm) (d) For Layers of Any Thickness
or Less in Thickness

Legend:
ty = thickness of head\at joint
t;, = thickness of ohe layer
ts = thickness of.layered shell
Y = offset

GENERAL NQTES:
(a) Actual‘thickness shall be not less than theoretical head thickness.

(b) Inillustration (c), Y shall be notlarger than t;. Inillustration (d), Y shall be notlarger than Y tg. In all cases £ shall be not less than 3 times Y. The

shell centerline may be on both sides of the head centerline by a maximum of % (ts - t;;). The length of required taper may include the width of
the weld.

NOTE: (1) Taper may be inside, outside, or both.
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Figure KD-830.3
Some Acceptable Flat Heads With Hubs Joining Layered Shell Sections

GENERAL NOTES:

(a) ts £thickness of layered shell

(b) ¢t = thickness of flat head

(€) For all other dimensions, see Figure KD-1112.
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Figure KD-830.4
Some Acceptable Flanges for Layered Shells

| TS

Retaining

i

I ring— |

| ey
T

'vWeId Iiney

3:1 taper min.

Ts->| |<— —>| |<—tS 4>‘ |<—tS —>l |<—ts

(a) (b) (c) (d)

3:1 taper min.

3:1 taper min.

Legend:
ts = thickness of layered shell

Figure KD-830.5
Some Acceptable Welded Joints of Layered-to-Layered and\Layered-to-Solid Sections

NOTE: (1) Shall be removed after welding.
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Figure KD-830.6
Some Acceptable Nozzle Attachments in Layered Shell Sections

Legend:
rimin. = %t, or %, in. (19 mm), whichever is less
r; = Y% in. (6 mm) minimum
r3 min. = r{ minimum
t, = nominal thickness of nozzle wall less corrosion allowance
ts = thickness of layered shell, in.
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Figure KD-850
Some Acceptable Supports for Layered Vessels

Lug or ring

< Support to vessel Thicken outer wrap
(if necessary) attachment weld: (if necessary) Lug or ring
full-penetration .
if necessar
weld plus fillet -'7 ( V)
A weld on one or
both sides. See - Support to vessel
[Note (1)1. I.D. attachment weld:
full-penetration
L.D. weld plus fillet
—- Supp_ort lug weld on one'or
or ring both sides: See
[NoteZ(1)].
TT1 Hemi-head
7 1

ol Thicken outer wrap \/ \
Support lug

(if necessary) or ring

(a) (b)

-

\—Support to vessel |
attachment weld: |
full-penetration weld |
plus fillet weld on |
I
|

1

one or both sides. See
[Note (1)].
~ | - | -
Thicken outer wrap
(if necessary)
(c)

NOTE: (1) See Figure KD-700, illustrations (a) and (b).
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ARTICLE KD-9
SPECIAL DESIGN REQUIREMENTS FOR WIRE-WOUND VESSELS
AND WIRE-WOUND FRAMES

KD-900 SCOPE

The requirements of this Article apply specifically to
pressure vessels consisting of an inner cylinder (or a
number of concentric cylinders) prestressed by a
surrounding winding consisting of at least ten layers.
The end load is not carried by the cylinder(s) or the
winding. The winding consists of a wire helically
wound edge-to-edge in pretension in a number of
turns and layers around the outside of the cylinder.
These requirements also apply to wire-wound frames
used to carry the load from the closures. See
Figure KD-900.

The special requirements are in addition to the general
requirements given in Articles KD-2, KD-3, KD-4, and
Mandatory Appendix 9.

KD-910 STRESS ANALYSIS

The stresses in the vessel due to the internal pressure
shall be calculated in accordance with Articles KD-4,' KD-2,
and Mandatory Appendix 9.

The calculation of the prestressing of the eylinder shall
be based on a winding procedure that spegifies the wire
force that has to be used for each winding layer at the
application (see KF-913). The calculation shall give the
decrease of the inner diameter of the'cylinder and the resi-
dual stresses at all points of thewéssel wall induced by the
winding operation. Equations for this calculation are given
in KD-911.

A corresponding winding procedure and stress calcula-
tion for the wire-wound frame shall give the decrease of a
reference length of the frame and residual principal
stresses in the\frame and at the different layers of the
winding.

The calculated decrease of the inner diameter and the
reference length of the frame shall be determined in inter-
valsand shall be used for comparison with the results from
corresponding measurements made during the winding
operation.

KD-911 RESIDUAL STRESSES AND DEFLECTIONS
IN CYLINDERS DUE TO FLAT, WIRE
WINDING

The equations in this paragraph are valid for flat wire
with rectangular cross sectiontvound edge-to-edge. For
other wire shapes, appropriate corrections shall be made.
[tis assumed that the winding operation is performed with
the stress S,,(x) in thewire and that this stressis a function
of the diameter coordinate x (see Figure KD-911). When
the winding layérs are applied between x = Dirand x = D,
then the following tangential stresses o.(x;), radial
stresses ¢,(X7), and diametral deformation § are intro-
duced_at’'the diameter x; of the inner cylinders:

i . . ;
T (o x
O't(xl) =—|1+ [—] / ﬁsw(x) dx
X1 Dif x” — Dy
i .
DI D X
O'r(xl) =—11- [—] / Y ﬁSW(x) dx
X1 Dy |\ x” — Dy
2D D
5:——1 v %Sw(x) dx
E Dif x” — Dy
where
D; = inside diameter, in. (mm)
Dj = diameter of the interface between cylinder and
winding, in. (mm)
Do = outside diameter after finished winding operation,
in. (mm)
D,, = instantaneous applied outside diameter of
winding, in. (mm)
E = modulus of elasticity, ksi (MPa)
x1 = any diameter of the cylinder, in. (mm)
X, = any diameter of the winding, in. (mm)
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Figure KD-900
Wire-Wound Vessel and Frame Construction

GENERAL NOTE: Not\té scale.
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Figure KD-911
Nomenclature for Wire-Wound Cylinders

The corresponding stresses introduced in the’winding
area at the diameter x,(<D,,) of the winding are:
]dx

2
Dw X
] fx [ﬁsw(’“}
2 X — DI
2
X
———8.,(x) [dx
P ()
The equations-given above are valid as long as
(a) the helix\angle of the winding is less than 1.0 deg
(b) the maximum gap between the wires in the longi-
tudinal direction of the vessel is less than 5% of the wire
widthj or'0.010 in. (0.25 mm), whichever is less
{c)/neither the inner cylinder(s) [liner(s)] nor the wire
yields (see KD-920), except that yielding of inner
Cylinder(s) [liner(s)] is permitted, provided the additional
requirements below are met.

(1) Yielding is permitted only in compression during
the wire-winding process.

Dy

o(xp) = Sp(x) — |1+ (
X2

D

w

Dy

X2

O',.(xz) =—11 —[

2

(2) Yielding is not permitted at any value of oper-
ating pressure from atmospheric to design pressure at
any specified coincident temperature, or at any value
of operating pressure from atmospheric to test pressure
at the test temperature.

(3) The inner cylinder(s) [liner(s)] shall meet the re-
quirements of KD-230 for elastic-plastic analysis,
including the requirements of KD-232 for protection
against local failure.

(4) Stresses in the wire may be calculated using‘the
requirements in KD-230 or using the equations indKP-911.

(5) Deformation of the inner cylinder(s) ‘Hliner(s)]
shall be calculated using the requirements-ih KD-230.

KD-912 STRESS IN WIRE-WOUND-FRAMES

Because of the many possible geometric forms of
frames, specific equations are -not given here. Such
frames shall satisfy the requirements of Articles KD-2,
KD-3, KD-4, and Mandatery’ Appendix 9.

KD-920 STRESS LIMITS
KD-921 DIAMETER RATIO OF VESSEL WALL

Whenp-flat wire with rectangular cross section is used,
the overall diameter ratio shall not be lower than the limit
given by the equation in KD-221.2. For other wire shapes,
corrections shall be made.

KD-922 EQUIVALENT STRESS LIMITS FOR INNER
CYLINDER(S) AND WIRE

(a) Under design conditions and hydrostatic test condi-
tions, the average equivalent stress over the cross section
ofeach individual wire atany pointin the winding shall not
exceed S,.

(b) For welded wire joints (see KF-912), the corre-
sponding average equivalent stress shall not exceed
two-thirds of S, where S, is the yield strength of the
unwelded wire material.

(c) The calculated primary-plus-secondary equivalent
stress for the inner cylinder(s) shall not exceed S, at any
value of pressure from atmospheric to design pressure at
any specified coincident temperature, or at any value of
pressure from atmospheric to test pressure at the test
temperature.

KD-923 MINIMUM LEVEL OF PRESTRESSING OF
FRAMES MADE FROM COLUMNS AND
YOKES

In the case when the frame is made up of nonintegral
columns and yokes, the prestressing of the frame by the
winding shall be high enough to ensure that the yokes and
columns are in mechanical contact even at a load corre-
sponding to 105% of the pressure to be applied at the
hydrostatic test (see Article KT-3). This requirement
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shall be checked by calculation and documented in the
Manufacturer’s Data Report.

KD-930 FATIGUE EVALUATION
KD-931 GENERAL

(a) A calculation to determine the number of design
cycles shall be performed for all components of wire-
wound vessels and frames in accordance with the
methods stated in KD-140, except for the wire-wound
layers. The fatigue life of the wire-wound layers shall
be calculated in accordance with the rules stated in
KD-933. The wire fatigue curves shall be derived in accor-
dance with KD-932.

For environmental conditions not covered by the
derived design fatigue curve, the Manufacturer shall
obtain supplementary fatigue test data.

(b) For wire-wound vessels, the Designer may assume
a leak-before-burst failure mode for the vessel if all the
following conditions are met in case of a fast fracture
failure of one or more inner layers:

(1) No parts or fragments are ejected, and one or
more outer layers remain intact. For this purpose, the
entire cross section of the wire winding is considered
to be a layer.

(2) The end closures remain intact and in place.

(3) The calculated collapse pressure of the
remaining intact vessel’s pressure boundary shall be
greater than 120% of the design pressure of the entire
vessel.

The materials used in the construction of the ifinet layer
that are assumed to fail in a fast fracture mode must meet
the Charpy V-notch impact energy requirements stated in
their applicable material specification inSection II, but do
not have to meet the additional Charpy V-notch impact
energy requirements given in Table’KM-234.2(a). All of
the pressure boundary compenénts that are assumed
to remain intact shall meetsthe requirements given in
Table KM-234.2(a).

Some plastic deformfation is permitted in this type of
failure. It is also récognized that some leakage from
the vessel may.oecur and the Designer is cautioned
that this type ‘of’analysis may not be appropriate if the
vessel contains harmful or lethal substances.

KD-932/DERIVATION OF A DESIGN FATIGUE
CURVE FOR WIRE

The design fatigue life Np of the winding is defined as the
number of operating cycles when the probability is 10%
that the calculated average distance between fatigue
cracks in the wire is 6,500 ft (2 000 m). The design
fatigue curve for wire shall be derived in the way
stated in KD-932.1 through KD-932.3 (see Figure KD-932).

KD-932.1 Wire Fatigue Curve. The calculation of the
design fatigue life of the winding shall be based on a
wire fatigue curve derived as follows:

(a) Make fatigue tests with wire pieces with a length of
atleast 30 times the maximum cross sectional dimension,
taken from wire coils delivered from the same manufac-
turer and produced from the same material quality and by
the same manufacturing method as the wire to be used)in
the vessel or frame.

(b) Select a mean stress which will avoid bu¢kling the
test specimen. Make all tests at this meansstress for all
stress amplitudes used.

(c) Make the tests at no less than foub levels of stress
amplitude S with at least six wire (pieces at each stress
level. The cyclic rate of the test shall be such that appreci-
able heating of the wire does notoccur. Note the number of
cycles to complete fatigue/pupture Ng

(d) Plot the points ef{corresponding S and Nfon a
semilog graph and_draw a best-fit curve Sy = f(log Nf)
based on these points.

(e) Transform, this curve to a wire fatigue curve

SJ’c = f(log Nf) valid at mean stress = 0 using the equation
S}c = Sf + Kpo,,,

where o0, is the associated mean stress used in the test
(see KD-312.3). The value of f shall be 0.2 unless experi-
mental evidence justifies another value. Kj is calculated
according to eq. KD-932.3(1).

KD-932.2 Design Fatigue Curve. The design fatigue
curve S, = f(log Np) shall be derived from the wire
fatigue curve as stated in (a) through (c).

(a) Divide the S]’c values of the wire fatigue curve by a

factor Kj, the value of which shall be determined as stated
in eq. KD-932.3(1), and plot the curve:

Sa = S¢/Ks = f, (logNp)

(b) Divide the Nfvalues of the wire fatigue curve by a
factor Ky, the value of which shall be determined as stated
in eq. KD-932.3(2), and plot the curve:

i = f; 108 (Ny/%) | = f; (tog Np)

(c) The design fatigue curve, S, = f{log Np), is the lower
of the two values S or §; for all values of N in (a) and (b).

KD-932.3 Factors Ks and Ky. The values of the factors
Ks and Ky are multiples of factors which account for the
effects of stressed length and of scatter in fatigue strength
of the wire. They shall be determined as stated below:

Kg = KgrKss @
where Kg, is the factor for the effect of stressed length and
Kss is the factor for the effect of statistical variation
(scatter) in fatigue strength:
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Figure KD-932
Derivation of Design Fatigue Curve From Wire Fatigue Curve

Ksr. % (LW/LT)1/3O 2)
where Ly, is the accepted average distance between wire
cracks at N = Np and a crack probability of 10% (see
KD-932) and)Lr is the length of the wire pieces at the
fatigue tests (see KD-932.1). Assuming a case where
Ly equals 6,500 ft (2000 m) and Ly equals 8 in.
(200 ;mm), the equation gives Kg; = 1.35.

Kgg = 1/(1 — 1.30As) G)
where As is the average value of the relative standard
deviation of the fatigue strength from each stress ampli-
tude level, expressed as a decimal and derived from the
wire fatigue test data.

In the calculation of K, the scatter in fatigue strength is
assumed to have a standard Gaussian distribution.

The value of 1.30 in the equation corresponds to a prob-
ability of 10% for a fatigue crack to occur (see KD-932).

KN — (KS)4.3 4)
KD-933 CALCULATION OF DESIGN FATIGUE LIFE
OF WINDING

The design fatigue curve derived in KD-932 is used to
calculate the design fatigue life of the winding as described
in Article KD-3.
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ARTICLE KD-10
SPECIAL REQUIREMENTS FOR VESSELS IN HYDROGEN SERVICE

KD-1000 SCOPE

(a) The requirements of this Article shall be met for all
vessels in hydrogen service, as defined by (b) below. Each
pressure component shall be evaluated for the specified
fatigue cycles and shall meet the fracture toughness re-
quirements in this Article.

The requirements in this Article are in addition to the
other requirements of this Division.

(b) The requirements of this Article are mandatory for
the following vessels in hydrogen service.

(1) Nonwelded vessels operating at temperatures
less than 200°F (95°C).

(-a) Nonwelded vessels with hydrogen partial
pressure exceeding 6,000 psi (41 MPa).

(-b) Nonwelded vessels in hydrogen service
constructed of materials with actual ultimate tensile
strength exceeding 137 ksi (945 MPa)[see KM-230(a)
and KM-243] and hydrogen partial pressure exceedirg
750 psi (5.2 MPa).

(2) Vessels of welded construction operating at
temperatures less than 200°F (95°C).

(-a) Vessels of welded construction withhydrogen
partial pressure exceeding 2,500 psi (17'MPa).

(-b) Vessels of welded construction in hydrogen
service of materials with actual ultimate tensile strength
exceeding 90 ksi (620 MPa) [see KM=230(a) and KM-243]
and hydrogen partial pressure exceeding 750 psi (5.2
MPa).

(c) Requirements of this,Article are nonmandatory for
vessels operating abové.200°F (95°C). However, if vessels
are exposed to hydregen at a temperature warmer than
200°F (95°C).and’subsequently exposed to service
temperatures‘celder than 200°F (95°C), not including
startup and shutdown, the rules of this Article should
be considered. Brittle fracture shall be considered as a
potential failure mode during startup and shutdown.

{d) The rules of this Article are applicable to the mate-
rials listed in Tables KM-400-1 and KM-400-2 (Tables
KM-400-1M and KM-400-2M), and to aluminum alloys
listed in Table KM-400-4 (Table KM-400-4M).

KD-1001 LIMITATIONS

The maximum design temperature shall be limited by
the following:

(a) For carbon and low alloy steels in Table-KM-400-1
(Table KM-400-1M) thatare included in Figure 1 of APIRP
941, the maximum design temperatére shall be on or
below the applicable curve in Figure 1 of API RP 941
for operating limits in hydrogen service.

The applicable curve in Figunel of APIRP 941 at 13,000
psi hydrogen partial pressure thay be used for hydrogen
partial pressures above. 13,000 psi (90 MPa), up to and
including 15,000 psiif100 MPa). For pressures above
15,000 psi (100\MPa), the temperature shall not
exceed 150°F (659C).

(b) For austenitic stainless steels, the maximum design
temperature shall be that specified in Table KM-400-2
(Table, KM+400-2M).

(¢)~For aluminum alloys, the maximum design
temperature shall not exceed the temperature specified
in“Table KM-400-4 (Table KM-400-4M).

(d) For all other materials, the maximum design
temperature shall not exceed 400°F (205°C).

(e) Vessel parts in direct contact with hydrogen shall
have an ultimate tensile strength not exceeding 137 ksi

(950 MPa) unless Kj .5 + K; res < 0.

KD-1002 TERMINOLOGY

a principal planar dimension of a crack, crack
depth, in. (mm)

plane-strain fracture toughness, ksi-in.” (MPa-
ml/z)

threshold stress intensity factor for hydrogen-
assisted cracking, ksi-in.”” (MPa-m”)

major axis of the crack, crack length, in. (mm)

the test specimen has a fracture plane whose
normal is in the longitudinal direction of a
plate, or in the longitudinal direction of a
tubular product, and the expected direction of
crack propagation is in the direction transverse
to the maximum grain flow, or in the width direc-
tion of a plate, or in the circumferential direction
of a tubular product

section thickness, in. (mm)

the test specimen has a fracture plane whose
normal is in the transverse direction of a plate,
or in the circumferential direction of a tubular
product, and the expected direction of crack
propagation is in the direction of the maximum
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grain flow, or longitudinal direction of the plate, or
in the longitudinal direction of a tubular product

KD-1003 USER’S DESIGN SPECIFICATION

The User shall state in the User’s Design Specification
when the special requirements of this Article shall be met
for vessels constructed in accordance with the require-
ments of this Division after reviewing the requirements
of Article KD-10 relative to the specific design. (See
KG-311.)

KD-1010 FATIGUE LIFE EVALUATION USING
FRACTURE MECHANICS

The design fatigue life shall be determined using a frac-
ture mechanics approach in accordance with Article KD-4,
except as modified in (a) and (b) below. In a hydrogen
environment, the vessel life shall be evaluated to
prevent failure of the vessel due to brittle failure or
plastic collapse, and failure due to hydrogen-assisted
cracking.

(a) The critical flaw size shall be determined in accor-
dance with KD-401(c). The critical flaw size shall be calcu-
lated utilizing the fracture toughness of the material, as
defined in KD-1021. The critical flaw size shall be further
limited to ensure that the maximum stress intensity
applied at the crack tip under design loading (K}kj max *
K, res) remains less than the threshold value for
hydrogen-assisted cracking, K;y (see KD-1022).

(b) The crack growth rate and the calculated number.of
design cycles shall be in accordance with Article.KD-4,
except the crack growth rate factors in Table) KD-430
(Table KD-430M) shall be replaced with factors deter-
mined in accordance with the rules in®KD-1023. The
crack growth rate is assumed to be zero when Kf’ max

+ Kjres < 0. Determination of the,threshold value for
hydrogen-assisted cracking, K;g;and hydrogen fatigue
crack growth rate, da/dN, is not required when K}'i max
+ Kjres < 0.

Vessels constructed ofialuminum alloys shall meet the
requirements of this.Article, except that the environ-
mental effect of hydrogen on fatigue and fracture proper-
ties, as specified in KD-1040 and KD-1050, need not be
considered(

KD-1020 FRACTURE MECHANICS
PROPERTIES

The fracture mechanics properties to be used in the
analysis shall be obtained in accordance with KD-1021,
KD-1022, and KD-1023.

KD-1021 PLANE-STRAIN FRACTURE TOUGHNESS,
Kic

(a) The plain-strain fracture toughness used in the frac-
ture mechanics life assessment in KD-1010 shall be deter-
mined as required in KM-250.

(b) As an alternative to the requirements in (a), for
aluminum alloys listed in Table KM-400-4 (Table
KM-400-4M), notch tensile tests may be used according
to KM-270. A value of 23 ksi-in.” (25 MPa-mVZ) shall be
used as K. for the fracture mechanics evaluation.

KD-1022 QUALIFICATION TESTS FOR THRESHOLD
STRESS INTENSITY FACTOR FOR
HYDROGEN-ASSISTED..CRACKING, K;4

The purpose of this test is to qualify the construction
material by testing three héats of the material. The
threshold stress intensity factors for hydrogen-assisted
cracking, K;y, shall be obtained from the thickest
section from each heat of the material and heat treatment.
The test specimens shall be in the final heat-treated condi-
tion (if applicablée)'to be used in the vessel construction. A
set of three specimens shall be tested from each of the
following locations: the base metal, the weld metal,
and thé€ heat-affected zone (HAZ) of welded joints,
weldéed with the same qualified welding procedure spec-
ification (WPS) as intended for the vessel construction. A
change in the welding procedure requires retesting of
welded joints (weld metal and HAZ). The test specimens
shall be in the TL direction. If TL specimens cannot be
obtained from the weld metal and the HAZ, then LT speci-
mens may be used. The values of K} shall be obtained by
use of the test method described in KD-1040. The lowest
measured value of Ky shall be used in the analysis.

KD-1023 FATIGUE-CRACK-GROWTH RATE, da/dN

The purpose of this test is to qualify the construction
material by testing three heats of the material per heat
treat condition. The values of fatigue-crack-growth rate
in the form of da/dN = ¢ (AK)™ shall be obtained using
the test method described in KD-1050.

The da/dN data shall be obtained from each heat of the
material and heat treatment. The test specimens shall be in
the final heat treated condition (if applicable) to be used in
the vessel construction. A set of three specimens shall be
tested from each of the following locations: the base metal,
the weld metal, and the heat-affected zone (HAZ) of
welded joints. Tests on welded joints (weld metal and
HAZ) shall include data for each qualified welding proce-
dure used in the vessel construction. The test specimens
shall be in the TL direction. If TL specimens cannot be
obtained from the weld metal and the HAZ, then LT speci-
mens may be used. The upper bound data shall be used in
the analysis.

168


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2025.pdf

ASME BPVC.VIIL3-2025

KD-1024 USE OF TEST DATA FOR OTHER
MATERIALS

The data obtained in KD-1022 or KD-1023 may be used
for vessels manufactured from other material as follows:
(a) the same material specification/grade, or
(b) asimilar specification/grade meeting the following
requirements:
(1) the same nominal chemical composition
(2) the same heat treatment condition
provided the tensile and yield strengths as reported on
the material testreport do not exceed by more than 5% the
average values for the material used in the qualification
tests of KD-1022 or KD-1023.
The welded joints shall meet the requirements of the
welding procedure specification (WPS) used for qualifying
the construction material.

KD-1040 TEST METHOD FOR K,y
DETERMINATION

KD-1041 GENERAL

(a) Testing shall be conducted using applicable rules of
ASTM E1681 and the additional rules specified in this
document.

(b) Thefatigue-precracked specimen shall be loaded by
a constant load or constant displacement method to a
stress-intensity K;app, to be defined by the User based
on fracture mechanics calculations. The specimen shall
be keptin the loaded condition for a specified time in‘pres-
surized hydrogen gas at room temperature. Aftér the test
period, the specimen shall be examined to assess'whether
subcritical cracking occurred from the initialfatigue crack.

(c) If the subcritical crack growth exhibited by the test
specimen does not exceed 0.01 in. (0:25 mm), then the
material is characterized as suitable’ for construction of
pressure vessels with respectto~the hydrogen assisted
cracking (HAC) resistance, requirement.

(1) Ifthe test was conducted using the constant load
method, the value of [Kjapp is designated as Kjy.

(2) 1f the test was conducted using the constant dis-
placement method,’K;y is equal to 50% Kjapp.

(d) Ifthe subcritical crack growth exhibited by the test
specimen is greater than or equal to 0.01 in. (0.25 mm),
then the-procedure specified in ASTM E1681, paras. 9.2.1
and 9:2:2 shall be used in establishing the Ky value.

KD-1042 TERMINOLOGY

HAC
Kiapp

Hydrogen Assisted Cracking.
Initial applied Elastic Stress-Intensity factor,
ksi-in.”” (MPa-m?"2).

KD-1043 SPECIMEN CONFIGURATIONS AND
NUMBERS OF TESTS

(a) A specimen geometry described in ASTM E1681

shall be used. All specimens shall meet

(1) the validity requirements of ASTM E1681, para.
9.3.1, or

(2) the validity requirements of ASTM E1681, para.
9.3.2 provided the specimen thickness is greater than or
equal to 85% of the design thickness of the vessel

(b) The specimen orientation shall be TL'ds)shown in
ASTM E399. In the weld metal tests, the_fiotch shall be
machined in the center of the widtliCefthe weld and
shall be normal to the surface of(the material. In the
heat-affected zone tests, the notgh shall be machined
approximately normal to the'Surface of the material
and in such a manner that the precrack shall include
as much heat-affected zone material as possible in the
resulting fracture.

(c) A set of three \Kjy measurements shall be made per
test.

(d) Three transverse tensile specimens shall be taken
adjacent to_the compact specimens and shall be tested at
room t€mperature in accordance with SA-370. The
measured average value of yield strength shall be used
insthe specimen validity check specified in (a).

KD-1044 FATIGUE PRECRACKING

Fatigue precracking shall be in accordance with ASTM
E1681, paras. 7.3.3 to 7.3.5.

KD-1045 SPECIMEN TESTING PROCEDURE

(a) Thespecimens may beloaded by a suitable constant
displacement or a constant load method.

(1) If the test is conducted using the constant load
method, the fatigue-precracked test specimen is loaded to
a stress-intensity K;app determined from the fracture
analysis. The value of Kjzpp shall not be less than the
value Ky determined from the fracture analysis.

(2) If the test is conducted using the constant dis-
placement method, the fatigue-precracked test specimen
shall be loaded to a stress-intensity K;app that is at
least 1.5 times greater than the estimated Ky but less
than 180 ksi-in.”? (198 MPa-ml/z). For ferritic steels, the
following table may be used to set Kjspp.

Values of K;5pp for Ferritic Steels as a Function of Yield Strength
Yield Strength
90 ksi (621 MPa)
110 ksi (759 MPa)
130 ksi (897 MPa)

Kiapp
145 to 180 ksi-in.” (159 to 198 MPa-m*)
85 to 145 ksi-in.”2 (93 to 159 MPa-m*)
65 to 105 ksi-in.” (71 to 115 MPa-m*)

(25)

(25)
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(b) Constant Displacement Method

(1) Ky shall be established based on evidence of
subcritical crack extension from the fatigue precrack
(ASTM E1681, para. 9.2.2). If subcritical crack extension
isnot observed [see KD-1047(b)], then K is equal to 50%
of Kjapp-

(2) In establishing K;y; with subcritical crack growth,
the ratio of the final crack length (a) to specimen width
(W) shall not exceed 0.95.

(c) Constant Load Method. All applicable rules of ASTM
E1681 shall be met.

KD-1046 TEST PROCEDURE

(a) Place the test specimens in a high-pressure test
chamber.

(b) Evacuate the testchamber to eliminate any traces of
air or moisture absorbed by the walls. Scavenging with the
test gas followed by vacuum pumping can be used to
improve the cleaning efficiency.

(c) Pressurize the test chamber with hydrogen gas to a
pressure equal to or greater than the design pressure of
the vessel.

(d) Measure the hydrogen gas composition at the
termination of the test. The gas shall have the following
limits on impurities: 0, <1 ppm, CO; <1 ppm, CO <1 ppm,
and H,0 < 3 ppm. The impurity limits can typically be
achieved with a supply gas composition of 99.9999%
hydrogen.

(e) For ferritic steels [see Table KM-400-1 (Table
KM-400-1M)] and for the martensitic stainless steels
[see Table KM-400-2 (Table KM-400-2M)], the test speei-
mens shall be subjected to a constant load or ¢onstant
displacement at least for 1,000 hr during the test at
room temperature. For austenitic stainless steels, the
test duration shall be at least 5,000 hr.

(f) Oxides on the precrack surface candnhibit hydrogen
uptake into the material during testing. The effect of
oxides can be circumvented bysapplying K;app in the
hydrogen gas environment for constant-load tests (see
KD-1045). For constant-displacement tests, the specimen
and test chamber shall be located in a glove box with an
inertatmosphere contdining <5ppm 0, and <50 ppm H;0.
After placing the bBolt-loaded compact specimens inside
the test chamber, the test chamber need not be kept in
the glove boxiduring the specified exposure period.

KD-1047-CRACK GROWTH EXAMINATION

(@) )After the specified test period, unload the specimen,
and mark the HAC advance using one of the following
methods:

(1) Heattintingthe specimenatabout570°F (300°C)
for 30 min.

(2) Fatigue cycling at maximum stress-intensity
factor not exceeding 0.6 Kjypp. Advance the crack by at
least 1 mm.

(b) Measure the crack growth usinga scanning electron
microscope. Measurements shall be taken perpendicular
to the precrack at 25% B, 50% B, and 75% B locations,
where B is the test specimen thickness. Calculate the
average of these three values.

(1) If the average measured crack growth does not
exceed 0.01 in. (0.25 mm), and the test is conducted using
the constantload method, the material’s K value is equal
to the Kjppp.

(2) 1f the average measured crack growth doe§not
exceed 0.01 in. (0.25 mm), and the test is conducted-using
the constant displacement method, Ky is equalte 50% of
Kiapp.

(c) Assess extent of subcritical crack extension and
evaluate K;y according to ASTM _E1681, paras. 9.2.1
and 9.2.2 and KD-1045.

KD-1048 VESSEL MATERIAL 'QUALIFICATION

The Kjy value established-for the material shall be qual-
ified for maximum tensile strength equal to the average of
the three tensile strength values obtained in KD-1043(d).

KD-1049 REPORT

The infermation described in ASTM E1681, section 10,
shall be\teported. The report shall indicate if the validity
criteriaare met or not and shall include scanning electron
microscope micrographs in KD-1047(b). The report shall
be kept on file permanently as a record that the vessel
material has been tested and found acceptable.

KD-1050 FATIGUE CRACK GROWTH RATE
TESTS

KD-1051 FATIGUE CRACK GROWTH RATE TEST
METHOD

This test method is provided to measure the fatigue
crack growth rate in the form of da/dN = c(AK)™ in
gaseous hydrogen at design pressure.

KD-1052 FATIGUE CRACK GROWTH RATE
TESTING

Testing shall be conducted in accordance with all ap-
plicable rules of ASTM E647 at room temperature in
hydrogen at a pressure not less than the design pressure
of the vessel.

KD-1053 SPECIMEN CONFIGURATIONS AND
NUMBERS OF TESTS

(a) Specimen orientation shall be in the TL direction, as
shown in ASTM E399. In the weld metal tests, the notch
shall be machined in the center of the width of the weld
and shall be normal to the surface of the material. In the
heat-affected zone tests, the notch shall be machined
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and in such a manner that the precrack shall include as
much heat-affected zone material as possible in the
resulting fracture.

(b) Threeda/dN vs. AK data sets shall be generated per
test.

KD-1054 TEST PROCEDURE

(a) Evacuate the test chamber to eliminate any traces of
air or moisture absorbed by the walls. Scavenging with the
test gas followed by vacuum pumping can be used to
improve the cleaning efficiency.

(b) Pressurize the test chamber with hydrogen gas to a
pressure equal to or greater than the design pressure of
the vessel.

(c) Measure the hydrogen gas composition at the termi-
nation of the test. The gas shall have the following limits on
impurities: 0, < 1 ppm, CO, < 1 ppm, CO < 1 ppm, and
H,0 < 3 ppm. The impurity limits can typically be achieved
with a supply gas composition of 99.9999% hydrogen.

KD-1055 TEST FREQUENCY

The test frequency shall be established by the User for
the intended service; however, the cycle rate shall not
exceed 0.1 Hz.

KD-1056 R-RATIO

The R-ratio defined as Kin/Kmax shall not be lesséthan
that used in the vessel design.

KD-1057 da/dN DATA

The data in the form of da/dN = ¢(AK)" shall be obtained
for the full range of AK of interest.used in the fracture
analysis.

KD-1058 DATA REPORT

Data report shall be ‘preépared in accordance with
Section 10 of ASTM E647.
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ARTICLE KD-11
DESIGN REQUIREMENTS FOR WELDED VESSELS

KD-1100 SCOPE

The rules contained in this Article provide for the design
of welded vessels.

The special requirements of this Article are additional to
the general requirements given in Articles KD-2,KD-3, and
KD-4. When requirements of this Article differ from those
of Articles KD-2, KD-3, and KD-4, they are specifically deli-
neated.

KD-1101 GENERAL REQUIREMENTS FOR WELDED
VESSELS

Welded vessels (see Part KF) may be constructed from
forged rings or other wrought material product forms,
such as rolled plate, provided

(a) the applicable welding requirements of this Divi-
sion and those of ASME Section IX, Welding and
Brazing Qualifications, are met

(b) all welds meet the fabrication and examination
requirement of Part KF and Part KE

(c) the mechanical properties of the weld and heat-
affected zone shall be verified to meet the properties
of the base metal specified in Part KM after all fabrication
and heat treatment has been completed

KD-1110 TYPES OF JOINTS PERMITTED

All joints, except for joints desctibed in Article KD-7,
KD-830(b), KD-1131, and KF-821(f), shall be Type No.
1 butt joints (see KF-221).

KD-1111 TRANSITION-BUTT JOINTS

An angle joint/with a circumferential butt joint,
connecting a transition to a cylinder shall be considered
as meeting thistequirement provided the angle of the cone
relative to.the axis of the cylinder does not exceed 30 deg
and the requirements of a Type No. 1 buttjoint are met. All
requirements pertaining to the butt joint shall apply to the
angle/joint.

KD-1112 FORGED FLAT HEADS WITH HUBS FOR
BUTT JOINTS

(a) Hubs for butt welding to the adjacent shell, head, or
other pressure parts, such as hubbed and flat heads (see
Figure KD-1112), shall not be machined from flat plate.

(b) Hubs shall be forged as shown in Figure KD~1412 to
permit Type No. 1 butt welds.

(c) The mechanical properties of the forgedlip thatis to
be welded to the shell shall be subject tq the same require-
ments as the shell. Proof of this shall~be furnished by a
tension test specimen (subsize,/f-hecessary) taken in
this direction and as close to the Hub as is practical.*

(d) The height of the hub ‘shall be the greater of 1.5
times the thickness of the-pressure part to which it is
welded or %, in. (19.m1), but need not be greater
than 2 in. (50 mm).

KD-1113 CORNER WELDS

Corner welds consisting of full-penetration groove
welds and/or fillet welds are not permitted for the attach-
mentoef) heads, flanges, etc., to shells.

KD-1120 TRANSITION JOINTS BETWEEN
SECTIONS OF UNEQUAL THICKNESS

The requirements of this paragraph do not apply to
flange hubs.

KD-1121 SHELL AND HEAD JOINTS

(a) Unless the static and cyclic analyses (see
Articles KD-2, KD-3, and KD-4) or experimental analysis
(see Article KD-12) indicate otherwise, a tapered transi-
tion as shown in Figure KD-1121 shall be provided
between sections that differ in thickness by more than
one-fourth of the thickness of the thinner section or by
more than % in. (3.2 mm), whichever is less.

(b) The transition may be formed by any process that
will provide a uniform taper. When the transition is
formed by adding additional weld metal beyond that
which would otherwise be the edge of the weld, such addi-
tional weld metal buildup shall meet the weld fabrication
requirements of this Division and Section IX.

(c) The butt weld may be partly or entirely in the
tapered section as indicated in Figure KD-1121. Unless
the results of the static and cyclic analyses (see
Articles KD-2, KD-3, and KD-4) or experimental analysis
(see Article KD-12) indicate otherwise, the following addi-
tional requirements shall also apply:

(1) the length of taper shall be not less than three
times the offset between adjacent surfaces
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Figure KD-1112
Typical Pressure Parts With Butt-Welded Hubs
(Not Permissible if Machined From Rolled Plates)

.--Tension test specimen--_

Tension test
.-~ specimen

GO PA L X
Thickness of Thickness of Thickness of
flat head flat head flat head
(a) (b) (c)

GENERAL NOTES:

(a) The tension test specimen may be located inside or outside of the hub.

(b) h is the greater of % in. (19 mm) or 1.5t

(2) when a taper is required on any formed head
intended for butt-welded attachment, the skirt shallbe
long enough so that the required length of taper‘does
not extend beyond the tangent line

(3) an ellipsoidal or hemispherical head that has a
greater thickness than a cylinder of the/same inside
diameter may be machined to the outside diameter of
the cylinder provided the remaining thickness is at
least as great as that required fora shell of the same
diameter

KD-1122 NOZZLE NECK-TO PIPING JOINTS

In the case of nozzle-necks that attach to piping of a
lesser wall thickness, a tapered transition from the
weld end of the\nozzle may be provided to match the
piping thickness‘although the thickness is less than other-
wise requitred by the rules of this Division. This tapered
transition shall meet the limitations shown in
Figute KD-1122.

KD-1130 NOZZLE ATTACHMENTS

All nozzle attachment welds shall be Type No. 1 butt
joints (see Figure KD-1130) unless specifically provided
for in KD-1131.

KD-1131 NOZZLE ATTACHMENTS TO VESSEL
SURFACES

Nozzles attached to the outside surface of a vessel to
form a continuous flow path with a hole cut in the
vessel wall shall be attached by a full-penetration
groove weld (see Figure KD-1131).

KD-1132 NOZZLE REINFORCEMENT

Nonintegral nozzle reinforcement is not permitted. All
reinforcement shall be integral with the nozzle, shell, or
both. Additional guidance is provided in Nonmandatory
Appendix H.
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L =3y

/

14 in. (6 mm)

Figure KD-1121

Joints Between Formed Heads and Shells

1/4in. (6 mm)

Taper either
inside or ouside

min. radius
min. radius
Weld
=L
(a) (b)
Butt Welding of Sections of Unequal Thickness
th ~ t -
PN
€ €
/ g AN g
@ @
) +3 j ! == 1/4in. (6 mm) E ) +3 T ’,"\1/4-in_ (dem) '_E
= 1ol ; ; = ! min. radius
f y :, 1"_ min. radius Fangent line | y i
— </, (ts — tp)
‘ §1/2(ts_th) | 2 \ls h
r
—> ‘ j— 15 |

- i
(c) (d)

Joints Between Formed Heads and Shells

GENERAL NOTES:
(a) Length of required tapen, £, may include the width of the weld.
(b) Inall cases ¥ shall dotbe less than 3y, where £ is required length of taper and y is the offset between the adjacent surfaces of abutting sections.
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Figure KD-1122
Nozzle Necks Attached to Piping of Lesser Wall Thickness

/4 in. (6 mm) min. radius

1/4in. (6 mm) min. radius

18.56 deg max.
30 deg max. 14 deg min.

t

n
[Note (1)]

!
L

See

1/4in. (6 mm) min. radius

tn
[Note (1)]

30 deg max.

/
/ Note (2)
[ Y

t1 [Note (3)]

(a)

NOTES:

(1) Nominal nozzle thickness.

(2) Weld bevel is shown for illustration only.
(3) t; is not less than the greater of

(a) 0.8t,, where t,, = required thickness of seamless nozzle wall

(b) minimum wall thickness of connecting pipe

30 deg max.

1/4in. (6 mm) min. radius

18.5 deg max.
14 deg min.

S~
N\ Note+2)
A

— \

t; [Note (3)]

18:5, deg max.
14-deg min.

Vy'in. (6 mm) min. radius

(b)
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Figure KD-1130
Some Acceptable Welded Nozzle Attachments

th —| | th _>- ~—
[
3 Dy 45 deg max.
* 1= n I 30 deg max. |
v
L /\)\ b, Y l? IA_/\)\
t r Lt ~T Z"1
(@) 11/5t min.
(b)
Dy
fe—
A
e IRt
. 45 deg max.
n
18.5 deg max. /_ 30 deg max.
Max I .
i N\

30 deg A<—I—

max.
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Section A-A
Sections perpendicular
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(c-1)

Legend:

Dy = diameter of opening in shell or head

r1 = <%t Yat,, YuDy, or %, in. (19 mm); whichever is less
r, = 2%, in. (6 mm)

t = nominal thickness of shell, or’head

t, = nominal thickness of nezzle
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Figure KD-1131
An Acceptable Full-Penetration Welded Nozzle
Attachment Not Readily Radiographable

Backing strip
if used shall I —>] |<—
be removed
(™
o\ :
A Y%
: i 72K

t, min. /\
n

Y

Legend:
Dy = diameter of opening in part penetrated
rimax. = %t Y4t, %Dy, or ¥, in. (19 mm), whichever is less
r, = % in. (6 mm) min.
t = thickness of part penetrated
t. min. = 0.7t, or % in. (6 mm), whichever is less
t, = thickness of penetrating part
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ARTICLE KD-12
EXPERIMENTAL DESIGN VERIFICATION

KD-1200 GENERAL REQUIREMENTS

KD-1201 WHEN EXPERIMENTAL STRESS
ANALYSIS IS REQUIRED

The critical or governing stresses in parts for which
theoretical stress analysis is inadequate or for which
design values are unavailable shall be substantiated by
experimental stress analysis.

KD-1202 WHEN REEVALUATION IS NOT
REQUIRED

Reevaluation is not required for configurations for
which detailed experimental results, that are consistent
with the requirements of this Article, are available.

KD-1203 DISCOUNTING OF CORROSION
ALLOWANCE, ETCETERA

The test procedures followed and the interpretation of
the results shall be such as to discount the effects of maté-
rial added to the thickness of members, such as corrosion
allowance or other material that cannot be considered as
contributing to the strength of the part.

KD-1204 INSPECTION AND REPORTS

Tests conducted in accordance withthis Article need
not be witnessed by the Inspector\However, a detailed
report of the test procedure ‘afid the results obtained
shall be included with the Manufacturer’s Design Report.

KD-1210 TYPES OF TESTS

Tests may be run/in order to determine governing
stresses, the collapse pressure, or the adequacy of a
part for cyclieloading. For determining governing stresses
and the oltapse pressure, a single test is normally
adequate.

KDs1211 TESTS FOR DETERMINATION OF
GOVERNING STRESSES

Permissible types of tests for the determination of
governing stresses are strain measurement tests and
photoelastic tests. Brittle coating tests may be used
only for the purpose described in KD-1241. Results of dis-

placement measurement tests and tests to destruction are
not acceptable for governing stress determination.

KD-1212 TESTS FOR DETERMINATION OF
COLLAPSE PRESSURE, CP

Strain measurement tests may be¢ used for the determi-
nation of the collapse pressutre’GP. Distortion measure-
ment tests may be used for-the determination of the
CP if it can be clearly shewn that the test setup and
the instrumentation. used will give valid results for the
configuration on.which the measurements are made.
Brittle coating tests and tests to destruction shall not
be used to determine the CP.

KD-1213 FATIGUE TESTS

Fatigle tests may be used to evaluate the adequacy of a
pattfor cyclic loading, as described in KD-1260.

KD-1220 STRAIN MEASUREMENT TEST
PROCEDURE

KD-1221 REQUIREMENTS FOR STRAIN GAGES

Strain gages of any type capable of indicating strains to
an accuracy of 0.00005 in./in. (mm/mm) (0.005%) or
better may be used. It is recommended that the gage
length be such that the maximum strain within the
gage length does not exceed the average strain within
the gage length by more than 10%. Instrumentation
shall be such that both surface principal stresses may
be determined at each gage location in the elastic
range of material behavior at that gage location. A
similar number and orientation of gages at each gage loca-
tion are required to be used in tests beyond the elastic
range of material behavior. The strain gages and
cements that are used shall be shown to be reliable for
use on the material surface finish and configuration
considered to strain values at least 50% higher than
those expected.

KD-1222 USE OF MODELS FOR STRAIN OR
DISTORTION MEASUREMENTS

Except in tests made for the measurement of the CP,
strain gage data may be obtained from the actual compo-
nent or from a model component of any scale that meets
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the gage length requirements of KD-1221. The model
material need not be the same as the component material,
but shall have an elastic modulus that is either known or
has been measured at the test conditions. The require-
ments of dimensional similitude shall be met.

In the case of CP tests, only full-scale models, prototy-
pical in all respects, are permitted unless the tester can
clearly demonstrate the validity of the scaling laws used.
The test vessel or component used to determine CP shall
be made from material of the same type, grade, and class as
the production vessel.

KD-1230 PHOTOELASTIC TEST PROCEDURE

Either two-dimensional or three-dimensional techni-
ques may be used as long as the model represents the
structural effects of the loading.

KD-1240 TEST PROCEDURES
KD-1241 LOCATION OF TEST GAGES

(a) In tests for determination of governing stresses,
sufficient locations on the vessel shall be investigated
to ensure that measurements are taken at the most critical
areas. The location of the critical areas and the optimum
orientation of test gages may be determined by a brittle
coating test.

(b) In tests made for the measurement of CP, sufficient
measurements shall be taken so that all areas which haye
any reasonable probability of indicating a minimum €P are
adequately covered. It is noted, however, that the intent of
the measurements is to record motion in the¥essel due to
primary loading effects. Care shall be taken to avoid
making measurements at areas of concentrated stress
due to secondary or peaking effects.“[f”strain gages are
used to determine the CP, parti¢tlar care should be
given to ensuring that strains' (either membrane,
bending, or a combination)-are being measured which
are actually indicative of\the load-carrying capacity of
the structure. If distortion measurement devices are
used, care should be“given to ensure that it is the
change in significant dimensions or deflections that is
measured, suchyas diameter or length extension, or
beam or plate deflections that are indicative of the
tendencyof the structure to reach the CP.

KD-1242 REQUIREMENTS FOR PRESSURE GAGES
AND TRANSDUCERS

Pressure gages and transducers shall meet the require-
ments of Article KT-4.

KD-1243 APPLICATION OF PRESSURE OR LOAD

(a) In tests for determining governing stresses, the
internal pressure or mechanical load shall be applied
in such increments that the variation of strain with

load can be plotted so as to establish the ratio of
stress to load in the elastic range. If the first loading
results in strains that are not linearly proportional to
the load, it is permissible to unload and reload succes-
sively until the linear proportionality has been estab-
lished.

(b) When frozen stress photoelastic techniques aré
used, only one load value can be applied, in which‘case
the load shall not be so high as to result in deformations
that invalidate the test results.

(c) In tests made for the measurement of\the CP, the
proportional load shall be applied in suffiéiently small
increments so that an adequate number of data points
for each gage are available for statistical analysis in
the linear elastic range of behavier-All gages shall be eval-
uated prior to increasing the)load beyond this value. A
least square fit (regression) analysis shall be used to
obtain the best-fit straightline and the confidence interval
shall be compared to préset values for acceptance or rejec-
tion of the strain gage/or other instrumentation. Unaccept-
able instruméngtation shall be replaced and the
replacement instrumentation tested in the same manner.

(d) Afterall instrumentation has been deemed accept-
able, thee test shall be continued on a strain- or displace-
ment=controlled basis, with adequate time permitted
bétween load changes for all metal flow to be completed.

KD-1250 INTERPRETATION OF RESULTS

KD-1251 INTERPRETATION TO BE ON ELASTIC
BASIS

The experimental results obtained shall be interpreted
on an elastic basis to determine the stresses corre-
sponding to the design loads; that is, in the evaluation
of stresses from strain gage data, the calculations shall
be performed under the assumption that the material
is elastic. The elastic constants used in the evaluation
of experimental data shall be those applicable to the
test material at the test temperature.

KD-1252 REQUIRED EXTENT OF STRESS
ANALYSIS

The extent of experimental stress analysis performed
shall be sufficient to determine the governing stresses for
which design values are unavailable, as described in
KD-1201. When possible, combined analytical and experi-
mental methods shall be used to distinguish between
primary, secondary, and local stresses so that each combi-
nation of categories can be controlled by the applicable
stress limit.
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KD-1253 DETERMINATION OF COLLAPSE
PRESSURE, CP

(a) For distortion measurement tests, the loads are
plotted as the ordinate and the measured deflections
are plotted as the abscissa. For strain gage tests, the
loads are plotted as the ordinate and the maximum prin-
cipal strains on the surface as the abscissa. The test CP is
taken as the pressure that produces a measured strain of
no more than 2%. This strain limit shall be based on the
actual strain in the test vessel due to primary loading
effects. Therefore, strain gages or distortion measuring
devices shall be located to obtain results due to
primary loading, and to avoid results due to secondary
and peak effects (see KD-1241).

(b) If the vessel is destroyed or fails to maintain its
pressure boundary before the CP can be determined,
the vessel shall be redesigned and retested. The
process is repeated until the vessel can sustain pressures
that are large enough to obtain the CP in the prescribed
manner.

(c) The CP used for design purposes shall be the test CP
multiplied by the ratio of the specified material yield
strength at design temperature to the actual measured
test material yield strength at the test temperature.
When the design pressure is based on the CP test, the
maximum design pressure shall be determined in accor-
dance with KD-1254. Careful attention shall be given to
assuring that proper consideration is given to the actual
as-built dimensions of the test model when correlating the
CP of the test model to that expected for the actual strucx
ture being designed.

KD-1254 DETERMINATION OF MAXIMUM(DESIGN
PRESSURE AT ROOM TEMPERATURE

The maximum design pressure P whefrbased on the CP
testing as described in this paragraph shall be computed
by one of the following equations using the actual material
yield strength.

(a) Ifthe actual measuredyield strength is determined
only by the testing required-by the material specification,

S

208 bl Y
1732 | Sy
where
Sp=/specified minimum yield strength at room
temperature, ksi (MPa)
Syms = actual yield strength based on the testing

required by the material specification, ksi
(MPa), but not less than S,

(b) If the actual yield strength is determined in accor-
dance with the additional testing prescribed below,

1 S
_ ool
1732 | Syger
where
Syace = actual average yield strength from test speci-

mens at room temperature, ksi (MPa), but
not less than S,

(c) The yield strength of the material in the part tésted
shall be determined in accordance with ASME SA+370 with
the following additional requirements:

(1) Yield strength so determined (S,.cg) shall be the
average of atleast three specimens cut frénythe part tested
after the testis completed. The specimens shall be cut from
a location where the stress dubing the test has not
exceeded the yield strength.(The”"specimens shall not
be flame cut because this might affect the strength of
the material.

(2) When excess, _stock from the same piece of
wrought material iS’available and has been given the
same heat treatment’'as the pressure part, the test speci-
mens may be-eut from this excess stock. The specimen
shall not be rémoved by flame cutting or any other
method involving sufficient heat to affect the properties
of the specimen.

KD-1260 EXPERIMENTAL DETERMINATION
OF ALLOWABLE NUMBER OF
OPERATING CYCLES

Experimental methods may be used to determine the
allowable number of operating cycles of components and
vessels as an alternative to the requirements of
Article KD-3. This approach shall only be used for
vessels or components that have been shown to demon-
strate a leak-before-burst mode of failure.

KD-1261 TEST DESCRIPTION

When a fatigue test is used to demonstrate the adequacy
of a component or a portion thereof to withstand cyclic
loading, a description of the test shall be included in the
Design Report. This description shall contain sufficient
detail to show compliance with the requirements
stated herein.

KD-1262 TEST PROCEDURE

(a) The test component or portion thereof shall be
constructed of material having the same composition
and subjected to the same mechanical working and
heat treating so as to produce mechanical properties
equivalent to those of the material in the prototype
component. Structural similitude shall be maintained,
at least in those portions whose ability to withstand
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cyclic loading is being investigated and in those adjacent
areas that affect the stresses in the portion under test.

(b) The test component or portion thereof shall with-
stand the number of cycles as set forth in (c) before failure
occurs. Failureis herein defined as a propagation of a crack
through the entire thickness such as would produce a
measurable leak in a pressure-retaining member.

(c) The minimum number of test cycles N that the
component shall withstand, and the magnitude of the
loading P [see eqs. (3)(1), (3)(2), and (f)(2)(3)] to be
applied to the component during test, shall be determined
by multiplying the design service cycles N by a specified
factor Ky, and the design service loads Pp by Krs. Values of
these factors shall be determined by means of the test
parameter ratio diagram, the construction of which is
as follows and is illustrated in Figure KD-1260.1.

(1) Project a vertical line from the design service
cycles Np on the abscissa of the S, versus N diagram,
to intersect the fatigue design curve S, of the appropriate
figure in Article KD-3, to an ordinate value of K times S,p.
Label this point A. K is a factor that accounts for the effect
of several test parameters [see (g)].

(2) Extend ahorizontal line through the point D until
its length corresponds to an abscissa value of K, times Np,.
Label this point B. Note that K,,is a factor that accounts for
the effect of several test parameters [see (g)].

(3) Connect points A and B. The segments AB
embrace all the allowable combinations of K5 and Ky
[see (e) for accelerated testing]. Any point C on this
segment may be chosen at the convenience of the
tester. Referring to Figure KD-1260.1, the factons Krs
and Kpy are defined by:

value of ordinate at pointC

Krs = . .
value of ordinate at point:D
value of abscissaat’point C
Ky =
value of abscissa at point D
Thus
Pr (testloading) = KpgPp &
N (test cycles) = KpnyNp (2)

(d) Itsheuld be noted that if the test component is not
full size-but a geometrically similar model, the value Py
would have to be adjusted by the appropriate scale
factor, to be determined from structural similitude prin-
ciples, if the loading is other than pressure. The number of
cycles that the component shall withstand during this test
without failure must not be less than Ny, while subjected to
a cyclic testloading Prwhich shall be adjusted, if required,
using model similitude principles if the component is not
full size.

(e) Accelerated fatigue testing (test cycles Np) may be
conducted if the design cycles N are greater than 10* and
the testing conditions are determined by the following
procedures, which are illustrated in Figure KD-1260.2.
In this figure, the points 4, B, and D correspond to
similar labeled points in Figure KD-1260.1.

(1) The minimum number of test cycles N, shall
be:

2
NT, min = 107y Np

Projectavertical line through Nr,,;,, onthe'abscissa of
the S, versus N diagram such that it intersects and extends
beyond the fatigue design curve.

(2) Construct a curve through\the point 4 and inter-
sect the vertical projection of N7 min [see (1)] by multi-
plying every point on the fatigue design curve by the
factor K [see (c)(1)]. Label the intersection of this
curve and the vertical-projection of Ny, as A",

(3) AnypointConthe segmentA, A’, Bdetermines the
allowable combinatiens of Kr¢and K. The factors Krsand
Kry are obtained“in the same manner as in (c).

(f) In cértain instances, it may be desirable (or
possible) in performing the test to increase only the
loading™or number of cycles, but not both, in which
eyént two special cases of interest result from the
above general case.

(1) Case 1 (factor applied to cycles only). In this case,
Krs =1 and

value of abscissa at point B

K- =
TN Jalue of abscissa at point D

The number of test cycles that the component shall
withstand during this test must, therefore, not be less than

Nr = KrNNp

while subjected to the cyclic design service loading,
adjusted as required, if a model is used.

(2) Case 2 (factor applied to loading only). In this
case, Ky = 1 and

value of ordinate at point A

value of ordinate at point D

Krg

The component must, therefore, withstand a number
of cycles at least equal to the number of design service
cycles, while subjected to a cyclic test loading

Pr = KrsPp 3)
again adjusted as required, if a model is used.

(g) The values of K and K,, are the multiples of factors
that account for the effects of size, surface finish, cyclic
rate, temperature, and the number of replicate tests
performed. They shall be determined as follows:

greater of (K;)** or 2.6
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Figure KD-1260.1
Construction of Testing Parameter Ratio Diagram

GENERAL NOTE: For Poinf G} K5 = Suc/Sap and Kzy = Ne/Np.
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Figure KD-1260.2
Construction of Testing Parameter Ratio Diagram for Accelerated Tests

GENERAL NOTE: For(Point C, Krs = Sac/Sap and Kry = N¢/Np.
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factor for the effect of size of the highly stressed
surface area on fatigue life

greater of (AP/AT)V30 or 1.0, where A, is the size
of the highly stressed surface area of the proto-
type component and Ar is the size of the highly
stressed surface area of the test component
factor for differences in design fatigue curves at
various temperatures

(S;N at T,)(S,10" at Ty) or

1.0
(SN at Tp)(S,10" at Ty)

greater of

= factor for the effect of surface finish

greater of K,(P)/K,(T) or 1.0, where K,(P) is the
surface roughness factor of the prototype and
K,(T) is the surface roughness factor of the test
component. The K,.(P) and K,(T) factors are
based on the surface finish and shall be
taken from Figure KD-320.6(a) [Figure
KD-320.6M(a)] or Figure KD-320.6(b)
[Figure KD-320.6M(b)].

factor for the statistical variation in test results
greater of 1.470 - (0.044 x number of replicate
tests) or 1.0

= factor for the effect of test temperature

greater of (E at T,)/(E at Tp) or 1.0, where E is
the elastic modulus of the component material
S, from the applicable fatigue design curve at
the maximum number of cycles defined on the
curve

700°F (370°C) for carbon and low alloy steels,
and 800°F (425°C) for austenitic stainless
steels and nickel-chromium-iron alloys

design temperature
test temperature

Tp
T

KD-1270 DETERMINATION OF FATIGUE
STRENGTH REDUCTION FACTORS

(a) Experimental determination of fatigue strength
reduction factors shall be in accordance with the following
procedures.

(1) The test part shall be fabricated from a material
with the same nominal chemistry, mechanical properties,
and heat treatment as the component.

(2) The stresslevel in the specimenshall’be such that
the linearized primary-plus-secondary\eéquivalent stress
(P, + P, + Q) does not exceed théedimit prescribed in
Figure 9-200.1 so that failure doés not occur in less
than 1,000 cycles.

(3) The configuration;surface finish, and stress state
of the specimen shall clgsely simulate those expected in
the components. In partieular, the stress gradient shall not
be more abrupt than-that expected in the component.

(4) The cyclic rate shall be such that appreciable
heating of the specimen does not occur.

(b) Itis recommended that the fatigue strength reduc-
tion facter be determined by performing tests on notched
and utinotched specimens and calculated as the ratio of the
unnotched stress to the notched stress for failure.
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ARTICLE KD-13
ADDITIONAL DESIGN REQUIREMENTS FOR COMPOSITE
REINFORCED PRESSURE VESSELS (CRPV)

KD-1300 SCOPE

The following Article provides additional design re-
quirements for the Composite Reinforced Pressure
Vessels (CRPV) designed in accordance with this Division.

KD-1310 GENERAL

(a) Rules for calculating the static and dynamic
strength for CRPV made of a metallic layer with a circum-
ferentially wrapped fiber reinforced plasticlayer are given
in subsequent paragraphs. The loads resulting from trans-
portation, the regulatory requirements and all vibratory,
dynamic, and gravity loads shall be included in the CRPV
design.

(b) The circumferential stresses generated in both the
metallic layer and the laminate layer are used to resist
circumferential loads due to internal pressure. Longitudi-
nal stresses in the metallic layer alone shall be used to
resist axial loads due to internal pressure, thermal‘expan-
sion, and all other longitudinal loads. The Jotigitudinal
strength, perpendicular to the fiber winding+directions,
of the laminate layer shall not be used in'the 'design calcu-
lations other than to ensure sufficientstrength exists for
the transfer of applicable externaldoads to the metallic
layer.

(c) Plastic analysis in accordance with KD-230 and the
additional requirements of\this Division shall be used to
analyze the CRPV. The eemposite (over wrap) layer shall
be assumed to be linear-elastic with nominal modulus and
minimum strengthproperties as specified in the Manufac-
turer's Lamindte,Procedure Specification (see Section X,
Mandatory Appendix 10, 10-303).

(d) Thedesign cycle calculations shall be done in accor-
dance\with the fracture mechanics principles of
Article’KD-4. In the analysis of welded joints, the most
unfavorable combination of misalignment, weld
peaking, and weld geometry shall be considered.

(e) In determining the stress distribution in the two
layers, the appropriate elastic modulus for each layer,
at the maximum operating temperature, shall be used.
Radial strain compatibility between the layers is achieved
when the laminate is applied wet and intimate contact is
established between the layers. When intimate contact
between the two layers is not achieved or other strain

incompatibilities exist, the effect on the@Stress distribution
shall be considered. Changes in the(Stress distribution in
the two layers as a result of temperature changes and
differences in the coefficients of thermal expansion
shall be considered.

(f) Residualstresses, inthe form of a precompression in
the metallic layer and’a-pretension in the laminate layer,
are generated during’the hydrostatic test. These stresses
shall be taken intg.aceount in determining the residual and
operating stréss.distributions.

(g) Any_relaxation in the residual stress distribution
due todong-term creep at operating temperature, or
short-tefm creep at elevated temperatures, shall be
considered and the limits shown in (h) shall be adjusted
aceordingly.

(h) For vessels to be installed at a fixed location, the
maximum circumferential stress at any location in the
laminate layer shall not exceed 36% of the tensile strength
of the glass fiber laminate and 40% of the carbon fiber
laminate at the operating pressure as defined in the Manu-
facturer's Laminate Procedure Specification (see Section
X, Mandatory Appendix 10, 10-309). For vessels to be used
in transport service, the maximum circumferential stress
at any location in the laminate layer shall not exceed 36%
of the tensile strength of the glass fiber laminate and 40%
of the carbon fiber laminate at the design pressure as
defined in the Manufacturer's Laminate Procedure Spec-
ification (see Section X, Mandatory Appendix 10, 10-309).
For both fixed and transport service, the maximum
circumferential stress at any location in the laminate
layer shall not exceed 67% of the tensile strength of
the laminate under the hydrostatic test load. The Manu-
facturer’s Design Report shall document the basis for
selection of the specified pressure range for the hydro-
static test.

(i) The calculated burst pressure of the liner alone shall
be equal to or greater than the design pressure of the
vessel. The calculation shall be done using the
minimum specified values of yield and tensile strength.
Strain hardening shall be considered.

(j) The calculation of stresses shall consider the least
favorable effects of geometric irregularities (e.g., out-of-
roundness), weld peaking, reinforcement, and offsets as
well as mismatches of Categories A and B welds. See
KF-1211
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KD-1311 LAMINATE PROCEDURE SPECIFICATION

The Laminate Procedure Specification that specifies the
materials and the procedures employed to apply the lami-
nate layer to the metallic layer shall be included in the
Manufacturer’s Design Report. See Section X, Mandatory
Appendix 10, 10-402.

KD-1312 MAXIMUM DESIGN TEMPERATURE

The Maximum Design Temperature of the laminate shall
be the same as or higher than the Maximum Design
Temperature of the CRPV as specified in the User's
Design Specification. The Maximum Design Temperature
of the CRPV shall not exceed 150°F (66°C). The Maximum
Design Temperature of the laminate is defined as 35°F
(19°C) below the glass transition temperature, Ty, or
the maximum use temperature of the resin, whichever
is lower, and shall be documented in the Laminate Proce-
dure Specification. The maximum use temperature of the
resin shall exceed the test temperatures as specified in
Section X, Mandatory Appendix 10, 10-300.

KD-1313 MINIMUM DESIGN TEMPERATURE

The Minimum Design Temperature to which a CRPV
may be constructed shall not be colder than -65°F (-54°C).

KD-1314 CRPV SUPPORTS

CRPV supports shall be designed to function without
damaging the CRPV considering all loads resulting
from transportation and operation. Supports shall‘be
welded on the heads only or use laminate stops. Laminate
stops shall consist of material built up or appliedwon the
outer surface of the laminate that provides a load*bearing
surface, perpendicular to the CRPV surfaoe that will
transfer external loads to the CRPV. If laminate stops
are used, the shear strength of the“laminate shall be
adequate to resist the longitudinal’static and dynamic
loads.

KD-1315 LONGITUDINAL REINFORCEMENT

For the service conditions specified by the User’s Design
Specification, the designer shall consider the need for lon-
gitudinal reinforecenient of the laminate to prevent lami-
nate cracking under operating or test conditions.
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PART KF
FABRICATION REQUIREMENTS

ARTICLE KF-1
GENERAL FABRICATION REQUIREMENTS

KF-100 GENERAL

(a) Types of fabrication covered by Part KF are not
unique to this Division. The uniqueness of this Division
lies in the credit that may be taken for favorable residual
stresses thatare introduced during fabrication when there
is no welding and in permitting the Designer to utilize the
full capability of high strength materials as primary pres-
sure-retaining boundaries.

(b) Since all vessels conforming to the rules of this Divi-
sion require fatigue analysis and since most will be heavy
wall construction, many of the requirements of this Part
are intended to produce vessels which are consistent with
the Designer’s assumption that no subsurface flaw exists
that would be more likely to propagate in fatigue thanithe
assumed surface flaws restricted by the requirements of
Part KE.

(c) The Manufacturer must have the ability to control
the residual stress distribution and ensure‘that the mate-
rial properties and material defects .in\the vessel and
vessel components are consistent with the basis of the
design.

KF-101 SCOPE

(a) Article KF-1 gives.general fabrication requirements
for all vessels in this Division.

(b) Article KF-2-gives supplemental requirements for
all welded vessel$ in the Division. This includes those
made of rolled and welded plate and those made of weld-
able forgings, such as ring forgings joined by circumfer-
ential welds and forgings for fully radiographable nozzles.
Materials that are permitted for welded construction are
listed in Part KM:

(c) Article KF-3 gives supplemental requirements for
protective liners.

(d) Article KF-4 gives requirements for the postweld
heat treatment of all weldments, including repair welds.

(e) Article KF-5 gives supplemental requirements for
autofrettaged vessels.

(f) Article KF-6 gives supplemental requirements for
vessels made from eithet plate or forged materials
whose tensile properties have been enhanced by
quenching and tempéring processes.

(g) Article KF-7\gives supplemental requirements that
are specific to‘materials which are used to fabricate
vessels where\welded fabrication is not permitted by
Part KM.

(h) Article KF-8 gives supplemental requirements for
layered vessels. Since the design allowable stresses in this
Diyision are based on yield strength and not limited by
tetisile properties, the requirements of the Article are
More restrictive than the layered vessel requirements
in other Divisions of this Code.

(i) Article KF-9 gives requirements for wire-wound
vessels and frames.

(j) Article KF-10 gives requirements for aluminum
alloys.

KF-110 MATERIAL

KF-111 CERTIFICATION AND EXAMINATION OF
MATERIALS

The Manufacturer shall require certification of all mate-
rials including weld materials to ensure compliance with
the requirements of Part KM. In addition, all materials
shall be examined in accordance with Part KE. The certi-
fied results of these tests and examinations shall be docu-
mented in the Manufacturer’s Construction Records (see
KG-325).

KF-112 MATERIAL IDENTIFICATION

(a) Where possible, material for pressure parts shall be
laid out so that when the vessel is completed, the original
identification markings required in the specifications for
the material will be plainly visible. In case the original
identification markings are unavoidably removed or
the material is divided into two or more parts, prior to
cutting, the Manufacturer shall accurately transfer one
set of markings to a location where the markings will
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be visible on the completed vessel. Alternatively, a coded
marking, acceptable to the Inspector, shall be used to
ensure identification of each piece of material during
fabrication and subsequent identification of the markings
on the completed vessel. Except as indicated in KF-112.1,
material may be marked by any method acceptable to the
Inspector. The Inspector need not witness the transfer of
the marks, but shall be satisfied that this has been done
correctly.

(b) Allparts completed elsewhere shall be marked with
the part manufacturer’s name and the part identification.
Should identifying marks be obliterated in the fabrication
process and for small parts, other means of identification
shall be used.

KF-112.1 Method of Transferring Markings. Where
the service conditions prohibit die stamping for material
identification, and when so specified by the User, the Mate-
rial Manufacturer and the Manufacturer shall mark the
required data on the material in a manner which will
allow positive identification upon delivery. The markings
shall be recorded so that each piece of material will be
positively identified in its position in the finished
vessel to the satisfaction of the Inspector. Transfer of
markings for material that is to be divided shall be
done in accordance with KF-112(a). See Article KS-1
for allowable types of markings.

KF-112.2 Transfer of Markings by Other Than the
Manufacturer. When material is formed into shapes by
anyone other than the Manufacturer and the original
markings as required by the applicable material specifi-
cation are unavoidably cut out, or the material is divided
into two or more parts, the Manufacturer of the shape shall
either:

(a) transfer the original identification markings to
another location on the shape, or

(b) provide for identification byxthe use of a coded
marking traceable to the original required marking,
using a marking method agreedZupon and described in
the Quality Control System of‘the Manufacturer of the
completed pressure vessekh

The mill certification-'6f the physical and chemical re-
quirements of this material, in conjunction with the above
modified marking requirements, shall be considered suffi-
cient to identifyithese shapes. Manufacturer’s Partial Data
Reports and)parts stamping shall be as required by
KM-102 and KS-120.

KF-112.3 Material Identification Records. An as-built
sketch or a tabulation of materials shall be made, identi-
fying the location of each piece of material that is traceable
to the material test report or certificate of compliance and
the Code marking.

KF-113 REPAIR OF DEFECTIVE MATERIAL

Material in which defects exceeding the limits of
Article KE-2 are known or are discovered during the
process of fabrication is unacceptable. Unless prohibited
by the material specification in Section 1], the User’s Design
Specification, or Part KM, defects may be removed and the
material repaired by the Manufacturer or by the Material
Manufacturer with the approval of the Manufacturer. All
repairs shall be made in accordance with the provisions of
Article KE-2 and documented in the Manufacturer’s
Construction Records.

KF-120 MATERIAL FORMING

All materials for shell sections afd for heads shall be
formed to the required shape by<any process that will
not unduly impair the mechanieal properties of the mate-
rial.

KF-121 MATERIAL PREPARATION
KF-121.1 Examination of Materials.

(a) All materialstobe used in constructing the pressure
vessel shall be’examined before forming or fabrication for
the purpose of detecting, as far as possible, defects which
exceeéd'the acceptable limits of Article KE-2. All edges cut
duting fabrication (including the edges of openings cut
through the thickness) shall be examined in accordance
with KE-310. All defects exceeding the limits of KE-310
shall be documented and repaired.

(b) Cut edges of base materials with thicknesses over
1% in. (38 mm) shall be examined for discontinuities by a
surface examination method in accordance with KE-233.
This examination is not required for the cut edges of open-
ings 3 in. (76 mm) in diameter and smaller. However, the
material shall be ultrasonically examined over 100% of
the area in which the opening is to be cut, in accordance
with KE-232. If indications are found which exceed the
acceptable limits of KE-232, the indications shall be
repaired in accordance with KF-113. Nonlaminar discon-
tinuities and laminar discontinuities are treated differ-
ently for plates and forgings. See Article KE-2 for
acceptance criteria for each of these. Threaded connec-
tions that seal against pressure shall not have any discon-
tinuities.

KF-121.2 Material Cutting. Plates, edges of heads, and
other parts may be cut to shape and size by mechanical
means such as machining, shearing, grinding, or by
thermal cutting. After thermal cutting, all slag and detri-
mental discoloration of material which has been molten
shall be removed by mechanical means suitable to the
material, prior to further fabrication or use. When
thermal cutting is used, the effect on mechanical proper-
ties shall be taken into consideration. The edges to be
welded shall be uniform and smooth.

(25)
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Figure KF-131
Example of the Maximum and Minimum Inside Diameters
in a Cylindrical Shell

GENERAL NOTE: Djmax = Dymin < 0.01(Dpnom)

KF-121.3 Finish of Exposed Inside Edges of Nozzles.
Exposed inside edges of nozzles other than as provided for
in Figures KD-1130 and KD-1131 shall be, radiused
(grinding permitted) to at least t/4 or %, im {19 mm),
whichever is less, when the inner end<of ‘the nozzle
neck is flush with the inside wall of:the shell. When
the inner end of the nozzle neck protrudes beyond the

inside wall of the shell toward the center of curvature,
it shall be radiused (grinding permitted) on both inner
and outer surfaces of the neck end to at least t,/4 or
% in. (10 mm), whichever is smaller.

KF-130 TOLERANCES FOR CYLINDRICAL AND
SPHERICAL SHELLS AND HEADS

Fabrication deviations from the stated tolerances are
prohibited, unless provision is made for the déviations
in the design calculations and are agreed:-to by the
User, Manufacturer, and Inspector (see Article KD-2).

KF-131 CYLINDRICAL SHELLS

The difference between thedmaximum and minimum
inside diameters at any crossjsection shall not exceed
1% of the nominal inside‘diameter at the cross section
under consideration (sée-Figure KF-131). The diameters
may be measured on.the inside or outside of the vessel. If
measured on the outside, the diameters shall be corrected
for the material-thickness at the cross section under
consideration.

KF-132_SPHERICAL SHELLS AND FORMED HEADS

(a) Deviations from the specified shape of the inner
surface of spherical shells and formed heads shall not
éxceed +1%% and -%% of the nominal inside diameter
of the vessel. Such deviations shall be measured perpen-
dicular to the specified shape and shall not be abrupt.

(b) Deviation measurements shall be taken on the
surface of the base metal and not on welds.

(c) The straight flange or cylindrical end of a formed
head or the edge of a spherical shell shall be circular within
the tolerance specified in KF-131.
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ARTICLE KF-2
SUPPLEMENTAL WELDING FABRICATION REQUIREMENTS

KF-200 GENERAL REQUIREMENTS FOR ALL
WELDS

KF-201 WELDING PROCESSES

(a) Thewelding processes thatshall be used for making
pressure-containing welds and applying weld metal
overlay in the construction of vessels under this Part
are listed below.

(1) shielded metal arc
(2) submerged arc
(3) gas metal arc

(4) gas tungsten arc

Definitions are given in Section IX, which include varia-
tions of these processes.

(b) The electroslag strip overlay welding process may
be used only for application of weld metal overlay.

KF-202 RESTRICTIONS BASED ON CARBON
CONTENT

When the carbon content of the material exceeds 0.35%
by heat analysis, welded fabrication including attachinent
welds is not permitted. Repair welding may be¢ermitted
under the rules of Article KF-7.

KF-203 EXAMINATION OF WELD EDGE
PREPARATION SURFACES

Weld edge preparation surfaces in materials 2
in. (51 mm) or more in thickness shall be examined in
accordance with KE-310«Defects shall be repaired in
accordance with the rulés of Part KE.

KF-204 FINAL WELD FINISH

The finished weld shall be ground or machined to blend
with the sutfaces of the parts being joined. Both the blend
radii and.the surface finish of the weld deposit shall be
inspected to ensure they comply with the design require-
ments of the engineering design.

KF-205 IDENTIFICATION, HANDLING, AND
STORING OF ELECTRODES AND OTHER
WELDING MATERIALS

The Manufacturer is responsible for control of the
welding electrodes and other materials which are to be
usedin the fabrication of the vessel. Suitable identification

storage, and handling of electrodes, flux, and ether
welding materials shall be maintained. Precautions
shall be taken to minimize absorption of-moisture by
low-hydrogen electrodes and flux.

KF-206 PERMISSIBLE AMBIENT.CONDITIONS
DURING WELDING

No welding of any kind.shall be carried out when the
temperature of the metalsurface within 3 in. (75 mm) of
the point of welding isNower than 60°F (16°C).

No welding shall be done when surfaces are wet or
covered with ice,'when rain or snow is falling on the
surfaces to be welded, or during periods of high wind
unless the'\work is properly protected.

KE-210 WELDING QUALIFICATIONS AND
RECORDS

KF-211 MANUFACTURER’S RESPONSIBILITY

Each Manufacturer is responsible for the welding
carried out by their organization. The Manufacturer
shall establish and qualify welding procedures in accor-
dance with Section IX. The Manufacturer shall also be
responsible for the additional requirements of this Divi-
sion and the qualification of welders and welding opera-
tors who apply these procedures and requirements. See
KG-420 for requirements for subcontracted services.

The Manufacturer's Quality Control System shall
include a requirement, acceptable to the accredited
Authorized Inspection Agency, for complete and exclusive
administrative and technical supervision and control of all
welders and welding operators, whether direct employees
or those engaged by contract for their services.

KF-212 QUALIFICATION TEST LIMITATIONS

Welding of all test coupons shall be conducted by the
Manufacturer. Testing of all test coupons shall be the
responsibility of the Manufacturer. Qualification of
welding procedure by one Manufacturer shall not
qualify that procedure for use by any other Manufacturer,
except as provided for in Section IX, QG-106. A perfor-
mance qualification test conducted by one Manufacturer
shall not qualify a welder or welding operator to do work
for any other Manufacturer, except as provided for in
Section IX, QG-106.

(25)
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KF-213 PRODUCTION WELDING PRIOR TO
QUALIFICATION

No production welding shall be carried out until after
the required welding procedures have been qualified.

KF-214 QUALIFICATION OF WELDING
PROCEDURE

(a) Each welding procedure that is to be used shall be
recorded in detail by the Manufacturer on forms provided
in Section IX, or on other forms which contain the required
information.

(b) The procedures used in welding pressure parts and
in joining nonpressure parts (attachments) to pressure
parts shall be qualified in accordance with Section IX.
When tensile specimens are required by Section IX, the
yield strength shall also be determined, using the
method required for the base metal. The yield strength
of each test specimen shall be not less than the lowest
specified minimum yield strength for the base metals
joined. In addition, impact tests shall be performed in
accordance with Article KT-2.

(c) When making procedure qualification test plates for
butt welds in accordance with Section IX, consideration
shall be given to the effect of angular, lateral, and end
restraint on the weldment. It is the responsibility of
the Manufacturer to ensure that the procedure qualifica-
tion test plates simulate the restraints on the production
weldments.

KF-215 TEST OF WELDERS AND WELDING
OPERATORS

(a) The welders and the welding operators used in
welding pressure parts and in joining nonpressure
parts (attachments) to pressure parts*shall be qualified
inaccordance with Section IX andArticle KT-2. Mechanical
testing is required for all performance qualification tests;
qualification by NDE is not.pesmitted. See Article KT-2 for
additional requirements-en’ weld position testing, weld
impact testing, and test_plate requirements.

(b) The qualification test for welding operators of
machine weldingequipment shall be performed on a sepa-
rate test plate prior to the start of welding or on the first
workpiecet

KF-216“MAINTENANCE OF QUALIFICATION AND
PRODUCTION RECORDS

The Manufacturer shall maintain records of the welding
procedures and the welders and welding operators
employed by the Manufacturer, showing the date and
results of tests and the identification mark assigned to
each welder. These records shall be maintained in accor-
dance with Section IX.

KF-220 WELD JOINTS PERMITTED AND THEIR
EXAMINATION

Type No. 1 butt joints as described in KF-221 shall be
used for all welded joints except as listed in (a) through (c)
below. For further discussion, see KD-1110. Partial pene-
tration welds, such as fillet welds, that are not used in
combination with full-penetration welds as described
below are not permitted on pressure-retaining pasts.

(a) Full-penetration welds are permitted for nozzle
attachments under the rules of KD-1130,-They are
described in KF-222.

(b) Type No. 2 single-welded groove welds are
permitted under the rules of Article KF-8 when joining
layers other than the innermost-shell on welded layer
vessels. These welds are described in KF-223.

(c) Welds used for attaching heating and cooling
jackets and support clipsiare permitted under the rules
of Article KD-7 and KE-224. These welds are full-penetra-
tion groove welds_as shown in Figure KD-700, and as
described in KF>222. In some cases these welds may
be used in combination with fillet welds.

Required weld examination shall be done after all post-
weld héatjtreatment and in accordance with Article KE-3.
Discussion specific to the four types of joints permitted
under the rules of this Division follows.

(d) A welded joint surface may remain in the “as
Wwelded” condition, without grinding or machining as
required by KF-204, when the weld surface is inaccessible
or surface conditioning methods are impractical to apply,
provided the following requirements are met:

(1) The weld shall have no concavity or reduction in
thickness.

(2) The fatigue analysis shall be done in accordance
with Article KD-4.

(3) Foruseinthe fracture mechanics analysis of each
weld joint that is not ground or machined, a finite element
analysis shall be performed to obtain the through-thick-
ness stress distribution.

(4) The finite element analysis shall incorporate the
maximum weld misalignment and peaking, and the profile
of the maximum weld reinforcement permitted by Section
VII], Division 3. Alternatively, the values specified in the
design or the as-built values for weld misalignment,
peaking, and weld reinforcement may be used if docu-
mented in the Manufacturer’s Design Report and verified
by an inspection report.

KF-221 TYPE NO. 1 BUTT JOINTS

Type No. 1 butt joints are those produced by welding
from both sides of the joint or by other means that produce
the same quality of deposited weld metal on both inside
and outside weld surfaces. Welds using backing strips
which remain in place do not qualify as Type No. 1
butt joints.
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(25)

Type No. 1 butt joints shall have complete penetration
and full fusion and shall be ground or machined flush with
the members joined together. All Type No. 1 butt joints,
whether longitudinal or circumferential, shall be com-
pletely examined for their entire length in accordance
with Article KE-3.

KF-222 FULL-PENETRATION GROOVE WELDS
ATTACHING NOZZLES

Nozzle attachments are normally Type No. 1 butt joints,
which are covered by the design rules of KD-1130 and
shown in Figure KD-1130. Full-penetration groove
welds are also permitted for attaching nozzles to shells
in accordance with the design rules of KD-1131. These
welds are not readily radiographable. Backing strips
are not permitted.

KF-222.1 Weld Procedure Qualifications. Normally
this weld will be a single-welded joint. Consideration
shall be given to using a welding procedure such as
GTAW capable of producing a high quality of weld on
the ID of the nozzle. The suitability of the electrode
and procedure, including preheat and postheat, shall
be established by making a groove weld specimen as
shown in Section IX, Figures QW-461.1 and QW-461.3
in material of the same analysis and of thickness in confor-
mance with Section IX, Tables QW-451.1 through QW-
451.4 and Tables QW-452.1(a) through QW-452.6. The
specimen before welding shall be in the same condition
of heat treatment as the work it represents. After welding,
the specimen shall be subjected to heat treatment equiva-
lent to that specified for the final product. Tension and
bend specimens, as shown in Section IX, Figures QW-
462.1(a) through QW-462.1(e), QW-462.2, and QW-
462.3(a), shallbe made. These tests shall meetthe require-
ments of Section IX, QW-150 and QW-160. The radius of
the mandrel used in the guided bend' test shall be as
follows:

Specimen Radius of Die D
Thickness Radius of Mandrel B [Note (1)]

% in. (10 mm) 1% in. (32.mm) 1'% in. (43 mm)

1in. (25 mm)  10t/3 9t/2 + Y6 in. (1.5 mm)

NOTE: (1) Corresponds to dimensions Band D for P-No. 11 mate-
rial in Section IX, Figure QW-466.1 and other dimensions to be in
proportion.

KF-222.2 Weld Examination. In addition to the final
éxamination requirements of Article KE-3, consideration
shall be given to intermediate weld examination, such as
wet magnetic particle examination, in order to ensure
weld soundness after completion of the process.

KF-223 TYPE NO. 2 BUTT JOINTS

Type No. 2 buttjoints are only permitted in layers subse-
quent to the inner shell of welded layered vessels. Design
and fabrication rules are listed in Article KD-8 and Article
KF-8. See Article KF-8 for specific welding and weld exam-
ination requirements.

KF-224 QUALITY AND EXAMINATION
REQUIREMENTS FOR FILLET WELDS USED
IN COMBINATION WITH FULL-
PENETRATION GROOVE WELDS

When fillet welds are used in conjunction with full-
penetration groove welds, the groove/weld portion
shall be qualified and performed under the rules of
KF-222 before the fillet weld is\mmade. The fillet weld
shall meet the following requizéments:

(a) Thereduction in thickness of the adjoining surfaces
atthe root of the fillet weld shall not be greater than Vs in.
(0.8 mm) or cause the adjoining material to be below the
design minimum required thickness at any point.

(b) The surface fihish shall be inspected under the rules
of KF-204 and the surface shall be examined under the
rules of KE-334.

KF-225"LIQUID PENETRANT EXAMINATION

Al austenitic chromium-nickel alloy steel, austenitic-
ferritic duplex steel, and nickel alloy welds, both butt and
fillet, shall be examined in accordance with the liquid
penetrant method (see KE-334). If heat treatment is
required, the examination shall be made following heat
treatment. All defects shall be repaired and the repair
documented in accordance with the provisions of
KF-240. The repaired area shall be reexamined by the
liquid penetrant method.

KF-226 SURFACE WELD METAL BUILDUP

Construction in which deposits of weld metal are
applied to the surface of base metal for the purpose of
restoring the thickness of the base metal or modifying
the configuration of weld joints in order to meet the
tapered transition requirements of KD-1120 or
KF-234(b) shall meet the following requirements.

(a) Prior to production welding, a welding procedure
shall be qualified for the thickness of weld metal depos-
ited.

(b) All weld metal buildup shall be examined over the
full surface of the deposit by a surface examination method
in accordance with KE-233.

(c) All weld metal buildup that exceeds % in. (10 mm)
in thickness shall be examined over the entire deposit by
either radiography or ultrasonic methods in accordance
with KE-220.

(25)
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(d) When such surface weld metal buildup is used in
welded joints which require volumetric examination, the
weld metal buildup shall be included in the examination.

KF-230 REQUIREMENTS DURING WELDING

Parts that are being welded shall be cleaned, aligned,
fitted, and retained in position during the welding opera-
tion.

KF-231 PREPARATION OF REVERSE SIDE OF
DOUBLE-WELDED JOINTS

Before applying weld metal to the reverse side, the
reverse side of double-welded joints shall be prepared
by chipping, grinding, or gouging in order to secure
sound metal at the root of the weld. Removal of root
pass weld is not required for any process of welding
by which the base of the weld remains free from impu-
rities. Prior to the start of the weld at the reverse side, the
cleaned root area shall be examined in accordance with
KE-334.

KF-232 CLEANING OF SURFACES TO BE WELDED

The surfaces of the parts to be welded shall be clean and
free of scale, rust, oil, grease, and other deleterious foreign
material. For all materials, detrimental oxide shall be
removed from the weld metal contact area for a distance
of at least 2 in. (50 mm) from welding joint preparation.
When weld metal is to be deposited over a previoilsly
welded surface, all slag shall be removed to preventinclu-
sion of impurities in the weld metal.

KF-233 ALIGNMENT DURING WELDING

(a) Bars,jacks, clamps, tack welds, erother appropriate
means may be used to maintain the alignment of the edges
to be welded. Tack welds, if used't0 maintain alignment,
shall either be removed completely when they have served
their purpose, or their stoppinig and starting ends shall be
properly prepared by grinding or other suitable means so
that they may be satisfactorily incorporated into the final
weld. Tack welds shall be made by qualified procedures
and welders. Permanent tack welds shall be examined by a
surface examination method in accordance with KE-233.
Acceptance criteria and repair shall be in accordance with
KE-334.

(b)._A single-welded joint (i.e., welds made from one
side 6nly), as permitted by KF-220, may be used provided
the Inspector is satisfied that proper fusion and penetra-
tion has been obtained. When using this type of weld,
particular care shall be taken in aligning and separating
the components to be joined.

KF-234 ALIGNMENT TOLERANCES FOR EDGES TO
BE BUTT WELDED

(a) Alignment of sections at edges to be butt welded
shall be such that the maximum offset is not greater
than allowed in Table KF-234.

(b) All offsets shall be faired at a three-to-one taper
over the width of the finished weld or, if necessary, by
adding additional weld metal beyond what would.have
been the edge of the weld. Such additional weld metal
buildup shall meet the requirements of KF-226.

(c) For transition joints between sections of unequal
thicknesses, see KD-1120.

KF-235 PRECAUTIONS TO BE ‘TAKEN WHEN
WELDING IS RESTARTED

If the welding is stopped-for any reason, extra care shall
be taken in restarting toiget the required penetration and
fusion.

KF-236 REMOVAL OF TEMPORARY
ATTACHMENTS AND ARC STRIKES

The atreas from which temporary attachments have
been-removed or areas of arc strikes shall be ground
smeoth and examined by a surface examination
method in accordance with KE-233. Defects shall be
removed and the material shall be examined to ensure
that the defects have been removed. If weld repairs
are necessary, they shall be made using qualified
welding procedures and welders, and shall be examined
as outlined in KF-226.

KF-237 PEENING

Controlled peening may be performed to reduce distor-
tion. Peening shall not be used on the initial (root) layer of
weld metal, nor on the final (face) layer unless the weld is
postweld heat treated.

KF-238 IDENTIFICATION MARKINGS OR RECORDS
FOR WELDERS AND WELDING
OPERATORS

(a) Each welder and welding operator shall mark the
identifying number, letter, or symbol, assigned by the
Manufacturer, adjacent to and at intervals of not more
than 3 ft (0.9 m) along the welds that the welder or
welding operator makes in material %, in. (6 mm) and
over in thickness. Weld marking procedures shall meet
the requirements of KF-112 and KF-601. Alternatively,
a record shall be kept by the Manufacturer of each
joint welded by the welder or welding operator. This
record shall be available to the Inspector.

(b) When a multiple number of permanent nonpres-
sure part attachment welds are made on a vessel, the
Manufacturer need not identify the welder or welding
operator that welded each individual joint, provided

(25)
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Table KF-234
Maximum Allowable Offset in Welded Joints

Direction of Joints in Cylindrical Shells

Section Thickness

Longitudinal Circumferential

Up to and including *% in. (24 mm)
Greater than %, in. (24 mm), less than or equal to 1% in. (38 mm)
Greater than 1% in. (38 mm)

Lesser of t/5 or ¥, in. (2.4 mm)
35 in. (2.4 mm)

%4, in. (2.4 mm)

t/5
%6 in. (4.8 mm)

t/8but not greater than %, in. (6 mmj

(1) the Manufacturer’s Quality Control System
includes a procedure that identifies the welders or
welding operators that made such welds on each
vessel so that the Inspector can verify that the welders
or welding operators were all properly qualified

(2) theweldsin each category are all of the same type
and configuration and are welded with the same welding
procedure specification

(c) Permanent identification of welders or welding
operators making tack welds that become part of the
final pressure weld is not required, provided the Manu-
facturer’s Quality Control System includes a procedure to
permit the Inspector to verify that such tack welds were
made by qualified welders or welding operators.

KF-240 REPAIR OF WELD DEFECTS
KF-241 REMOVAL OF DEFECTS

Defects detected by the examinations required by
Article KE-3 or the hydrostatic test shall be removed
by mechanical means or by thermal gouging processes.
If thermal gouging is used, the Manufacturer)shall
ensure the process is not detrimental to the material.

KF-242 REWELDING OF AREAS TO BE REPAIRED

The areas to be repaired shall be reweld€d-by qualified
welders using qualified welding procedufes (see KF-210).

KF-243 EXAMINATION OF REPAIRED WELDS

Repaired welds shall be reexamined by the methods of
the original examination of<the weld. The repaired weld
shall not be accepted unless the examination shows the
repair to be satisfactory!

KF-244 POSTWELD HEAT TREATMENT OF
REPAIRED WELDS

The postweld heat treating rules in Article KF-4 shall
apply tocall weld repairs.

KF<245 DOCUMENTATION OF REPAIRS

All weld repairs shall be documented in the Manufac-
turer’s Construction Records.
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ARTICLE KF-3
FABRICATION REQUIREMENTS FOR MATERIALS WITH
PROTECTIVE LININGS

KF-300 SCOPE

This Article applies to materials with protective linings
that are applied by integral cladding or weld overlaying.
Prestressed liners which are considered part of the shell
for strength purposes are not covered by this Article (see
Article KF-8).

KF-301 TYPES OF JOINTS PERMITTED

The types of joints and welding procedures used shall be
such as to minimize the formation of brittle weld compo-
sition by the mixture of metals of corrosion-resistant alloy
and base material.®

KF-302 WELD METAL COMPOSITION

Welds that are exposed to the corrosive action of the
contents of the vessel should have resistance to corrosion
that is not substantially less than that of the corrgsion-
resistant integral or weld metal overlay claddihg or
lining. The use of filler metal that will depeésit weld
metal with practically the same compositief as the mate-
rial joined is recommended. Weld metal of different
composition may be used provided it‘has better mechan-
ical properties in the opinion of the Manufacturer, and the
User is satisfied that its resistatice to corrosion is satis-
factory for the intended servicé: The columbium content of
columbium-stabilized austenitic stainless steel weld
metal shall not exceed 1.00% except when a higher
content is permitted in-the material being welded.

KF-303 400 SERIES ALLOY FILLER METALS

400 Series alloy filler metals are not permitted when the
filler metal*is welded to the base metal.

KF-310 QUALIFICATION OF WELDING
PROCEDURES

The specification of the welding procedure that is
proposed to be followed in clad, weld overlaid or lined
construction shall be recorded in detail.

KF-311 PROCEDURE TO BE QUALIFIED IN
ACCORDANCE WITH SECTION IX

All weld procedures associated with protective liners
shall be qualified in accordange with the provisions of
Section IX, QW-217.

KF-312 QUALIFICATION OF PROCEDURE FOR
ATTACHING LININGS

(a) Each welding procedure to be used for attaching
lining material to the base material shall be qualified
on lining attachment welds made in the form and arrange-
mentto be used in construction and with materials that
areWwithin the ranges of chemical composition of the mate-
rials to be used, respectively, for the base material, the
linings, and the weld metal.

(b) Welds shall be made in each of the positions defined
in Section IX, QW-120 that are to be used in construction.
One specimen from each position to be qualified shall be
sectioned, polished, and etched to show clearly the demar-
cation between the fusion zone and the base metal.

(c) For the procedure to qualify, the specimen shall
show, under visual examination without magnification,
complete fusion and complete freedom from cracks in
the fusion zone and in the heat-affected metal.

KF-313 REQUIREMENTS FOR COMPOSITE WELDS

KF-313.1 Procedure Qualification for Groove Welds in
Base Material With Corrosion-Resistant Integral Clad-
ding or Weld Metal Overlay. The requirements in Section
IX, QW-217 for procedure qualification shall be followed.
The procedure for groove welds may be qualified as in
KF-311, or the weld in the base joint or cladding joint
may be qualified individually in accordance with the
rules in Section IX.

KF-313.2 Performance Qualification for Composite
Welds. The requirements in Section IX, QW-310 and
KF-313.1 or KF-313.3 shall be followed for performance
qualification.

KF-313.3 Test Plates for Composite Welds. Perfor-
mance qualification tests shall be made in accordance
with Section IX by preparing test material from integral
clad or weld overlay material having the same P-Numbers
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in Section IX, Table QW/QB-422 as that of the base mate-
rial. Integral or weld metal overlay cladding materials to
be used in the test shall have the same F-Number in Section
IX, Table QW-432 as the filler metal that will be used in
construction. When the integral clad or weld metal overlay
material is not listed in Section IX, Table QW/QB-422,
qualification shall be made on the same grade as used
in the vessel. Heat treatment is not required but is
permitted if the welder’s work on construction is to be
heat treated. The following conditions shall also be
met. A section cut from the test material perpendicular
to the welding direction and properly prepared and
etched shall show no lack of fusion longer than % in.
(3.2 mm). The total length of unfused cladding shall
not exceed 10% of the length of the test material perpen-
dicular to the direction of welding.

KF-320 INTEGRALLY CLAD MATERIALS

A shear test shall demonstrate a minimum shear
strength of 20 ksi (140 MPa) for integral clad materials.

KF-330 POSTWELD HEAT TREATMENT OF
LININGS

KF-331 WHEN BASE METAL MUST BE POSTWELD
HEAT TREATED®

Vessels or parts of vessels constructed of an integrally
clad material or weld metal overlay shall be postweld heat
treated when the base material is required to be postweld
heat treated. In applying these rules, the determining
thickness shall be the total thickness of base rhaterial.
When the thickness of the base material requirespostweld
heat treatment, it shall be performed after,theapplication
of weld metal overlay or clad restoration.

KF-332 REQUIREMENTS WHEN BASE METAL OR
LINING IS CHROMIUM-ALLOY STEEL

Vessels or parts of vessels constructed of chromium-
alloy stainless steel cladded base material and those
lined with chromiumyalloy stainless steel applied
linings shall be postweld heat treated in all thicknesses,
except that vessels clad or lined with Type 405 or Type
410S and welded with an austenitic electrode or non-air-
hardening hickel-chromium-iron electrode need not be
postweld\heat treated unless required by KF-331.

KE-=333 HEAT TREATMENT THAT MAY AFFECT
VESSEL STRESS REDISTRIBUTION

The Manufacturer shall ensure and document, in accor-
dance with KG-323(e), that any heat treatment given to a
vessel or vessel part does not adversely affect the stress
distribution required by Articles KD-5, KD-8, KD-9, and
KD-10. In addition, for layered or autofrettaged
vessels, the Manufacturer shall meet the requirements

for heat treatment given in KF-830 or KF-540(b), as ap-
plicable.

KF-340 EXAMINATION REQUIREMENTS

KF-341 EXAMINATION OF BASE MATERIALS
PROTECTED BY WELDED OVERLAY

The examination required by the rules in Article KE:3
shall be made after the joint, including the corrosion-resis-
tant layer, is complete. The examination may be made on
the weld in the base material before the alloy coverweld is
deposited, provided the following requiremetits are met:

(a) the thickness of the base material at the welded
jointis notless than thatrequired by the déesign calculation

(b) the corrosion-resistant alloy ‘weld deposit is non-
air-hardening

(c) the completed alloy weld/deposit is examined by
any method that will det€et cracks in accordance with
KE-233

KF-342 EXAMINATION OF CHROMIUM-ALLOY
CLADDING OVERLAY

The jointsbétween chromium-alloy cladding overlay or
loose linersheets shall be examined for cracks as specified
in KF<342.1 and KF-342.2.

KF-342.1 Straight Chromium-Alloy Filler Metal.

(a) Joints welded with straight chromiume-alloy filler
metal shall be examined throughout their full length. Chro-
mium-alloy welds in continuous contact with the welds in
the base metal shall be examined in accordance with
Article KE-3.

(b) Liner welds that are attached to the base metal, but
merely cross the seams in the base metal, shall be exam-
ined in accordance with KE-334.

KF-342.2 Austenitic Chromium-Nickel Steel Filler
Metal. Joints welded with austenitic chromium-nickel
steel filler metal or non-air-hardening nickel-chro-
mium-iron filler metal shall be dye penetrant examined
over their entire length in accordance with KE-334 and
spot UT examined over 10% of their length in accordance
with Article KE-3.

KF-350 INSPECTION AND TESTS
KF-351 GENERAL REQUIREMENTS

The rules in the following paragraphs shall be used in
conjunction with the general requirements for inspection
in Part KE, and for testing in Part KE that pertain to the
method of fabrication used.
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KF-352 LEAK TEST OF PROTECTIVE LINING

Atest for pressure tightness of the protective lining that
will be appropriate for the intended service is recom-
mended, but the details of the test shall be a matter
for agreement between the User and the Manufacturer.
The test should not damage the load-carrying baseplate.
When rapid corrosion of the base material is to be
expected from contact with the contents of the vessel,
particular care should be taken in devising and executing
the leak test.

KF-360 STAMPING AND REPORTS

The provisions for stamping and reports in Part KS shall
apply to vessels that are constructed of integral clad, weld
metal overlay, or protective liners and shall include the
specification and type of lining material. This information
shall be included in the Manufacturer’s Data Reports.
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ARTICLE KF-4
HEAT TREATMENT OF WELDMENTS

KF-400 HEAT TREATMENT OF WELDMENTS

This section gives requirements for heat treatment of
weldments. For heat treatment requirements for
quenched and tempered steels, see KF-630.

KF-401 REQUIREMENTS FOR PREHEATING

The welding procedure specification for the material
being welded shall specify the minimum preheating re-
quirements in accordance with the weld procedure quali-
fication requirements of Section IX. The need for and
temperature of preheat are dependent on a number of
factors, such as the chemical analysis, degree of restraint
of the parts being joined, elevated temperature physical
properties, and material thicknesses.

KF-402 REQUIREMENTS FOR POSTWELD HEAT
TREATMENT’

Before applying the detailed requirements and exemp-
tions in these paragraphs, satisfactory qualification of the
welding procedures to be used shall be performed‘in
accordance with Section IX and the restrictions\isted
below. Except for nonferrous materials and‘except as
otherwise provided in Table KF-402x1 (Table
KF-402.1M) for ferrous materials, all wélded pressure
vessels or pressure vessel parts shall be'given a postweld
heat treatment at a temperature not less than that speci-
fied in Table KF-402.1 (Table K¥F-402.1M) when the
nominal thickness, including\corrosion allowance, of
any welded joint in the veSsel or vessel parts exceeds
the limits in Table KF-402.1(Table KF-402.1M). Materials
in Table KF-402.1 (Table KF-402.1M) are listed by P-
Number, which may be found in Section IX, Table
QW/QB-422.and in Tables KM-400-1 through
KM-400-3 (Tables KM-400-1M through KM-400-3M).
When there is a conflict in P-Number or Group
Number, the numbers in Section IX govern.

KF-402.1 When Holding Temperatures and Times
May Be Exceeded. Except where prohibited in
Table KF-402.1 (Table KF-402.1M), holding temperatures
and/or holding times exceeding the minimum values
given in Table KF-402.1 (Table KF-402.1M) may be
used (see KT-112 for additional requirements for time
at temperature). A time-temperature recording of all
postweld heat treatments shall be provided for review

by the Inspector. The total holding time at temperature
specified in Table KF-402.1 (Table KF-402.1M),may be an
accumulation of time of multiple postweld heat treat
cycles.

KF-402.2 Heat Treatment of Pressure Parts When
Attached to Different P-NumberGroups and Nonpres-
sure Parts. When pressure.parts of two different P-
Number groups are joinediby welding, the postweld
heat treatment shall-be’ that specified in Table
KF-402.1 (Table KF-402:1M) with applicable notes for
the material requiring-the higher postweld heat treatment
temperature. Whenrnonpressure parts are welded to pres-
sure parts, the postweld heat treatment temperature of
the pressute-part shall control.

KF-402.3 Definition of Nominal Thickness Governing
Postweld Heat Treatment. The nominal thickness in
Tables KF-402.1 and KF-630 (Tables KF-402.1M and
KF-630M) is the thickness of the welded joint as
defined herein. For pressure vessels or parts of pressure
vessels being postweld heat treated in a furnace charge, it
is the greatest weld thickness in any vessel or vessel part
which has not previously been postweld heat treated.

(a) When the welded joint connects parts of equal
thickness, using a full-penetration butt weld, the
nominal thickness is the total depth of the weld exclusive
of any permitted weld reinforcement.

(b) For groove welds, the nominal thickness is the
depth of the groove.

(c) For fillet welds, the nominal thickness is the throat
dimension. If a fillet weld is used in conjunction with a
groove weld, the nominal thickness is the depth of the
groove or the throat dimension, whichever is greater.

(d) For stud welds, the nominal thickness shall be the
diameter of the stud.

(e) When a welded joint connects parts of unequal
thicknesses, the nominal thickness shall be the following:

(1) the thinner of two adjacent butt-welded parts
including head-to-shell connections

(2) the thickness of the shell in connections to tube-
sheets, flat heads, covers, flanges, or similar constructions

(3) inFigures KD-700,KD-1112,KD-1121,KD-1122,
KD-1130, and KD-1131, the thickness of the weld across
the nozzle neck, shell, head, or attachment fillet weld,
whichever is greater
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Table KF-402.1

Requirements for Postweld Heat Treatment of Pressure Parts and Attachments (U.S. Customary Units)

Nominal Holding

Minimum Holding Time at Normal Temperature for Nominal Thickness

(See KF-402.1)

Temperature,
Material °F, min. Up to 2 in. Over 2 in. to 5 in. Over 5 in.
P-No. 1 [Notes (1), (2)] 1,100 1 hr/in. (0.25 hr 2 hr plus 15 min for each 2 hr plus 15 min for each
minimum) additional inch over additional inch over,
2 in. 2 in.
P-No. 3 [Notes (3), (4)] 1,100 1 hr/in. (0.25 hr 2 hr plus 15 min for each 2 hr plus 15 min foreach
minimum) additional inch over additional inch ‘ever
2 in. 2 in.
P-No. 4 1,200 1 hr/in. (1 hr minimum) 1 hr/in. 5 hr plus-15'min for each
additional inch over
5 in.
P-No. 5A [Notes (3), (4)] 1,250 1 hr/in. (1 hr minimum) 1 hr/in. S\hr plus 15 min for each
additional inch over
5 in.
P-No. 5C [Notes (3), (4)] 1,250 1 hr/in. (1 hr minimum) 1 hr/in. 5 hr plus 15 min for each
additional inch over
5 in.
P-No. 8 [Note (5)]
P-No. 10A [Notes (4), (6)] 1,100 1 hr minimum plus 15min 1 hrminimum plus 15min 1 hr minimum plus 15 min

P-No. 42 [Note (5)]
P-No. 43 [Note (5)]
P-No. 44 [Note (5)]
P-No. 45 [Note (5)]

for each additional inch
over 1 in.

for each additional inch
over 1 in.

for each additional inch
over 1 in.

NOTES:

(1) Postweld heat treatment is mandatory under the following-coenditions:

(a) for materials over 1%, in. nominal thickness
(b) on material over % in. nominal thickness for pfessure parts subject to direct firing
(2) For SA-841 plate materials, the holding temperatux€ shall not exceed 1,200°F.
(3) Ifduringtheholding period of postweld heat treatment, the maximum time or temperature of any vessel component exceeds the provisions of
KT-112, additional test coupons shall be madeland tested.
(4) Postweld heat treatment is mandatory under~the following conditions:
(a) for all materials over % in. nomihalthickness
(b) on materials of all thicknesses(intended for pressure parts subject to direct firing
(5) Postweld heat treatment is neitherrequired nor prohibited for joints between materials of P-Nos. 8, 42, 43, 44, or 45, or any combination
thereof. If postweld heat treatment is performed for P-No. 8 or P-No. 45 materials, the Manufacturer shall consider the steps necessary to
avoid embrittlement and the (precipitation of deleterious phases. See Section II, Part D, Nonmandatory Appendix A, A-207 through A-210.
(6) Consideration should be given for possible embrittlement of materials containing up to 0.15% vanadium when postweld heat treating at
minimum temperatures.
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Table KF-402.1M

Requirements for Postweld Heat Treatment of Pressure Parts and Attachments (S| Units)

Nominal Holding

Minimum Holding Time at Normal Temperature for Nominal Thickness

(See KF-402.1)

Temperature,
Material °C, min. Up to 50 mm Over 50 mm to 125 mm Over 125 mm
P-No. 1 [Notes (1), (2)] 595 1 h/25 mm (0.25 h 2 h plus 15 min for each 2 h plus 15 min for each
minimum) additional 25 mm over additional 25 mm over
50 mm 50 mm
P-No. 3 [Notes (3), (4)] 595 1 h/25 mm (0.25 h 2 h plus 15 min for each 2 h plus 15 min for each
minimum) additional 25 mm over additional 25 mm _@ver
50 mm 50 mm
P-No. 4 650 1h/25mm (1 hminimum) 1 h/25 mm 5 h plus 15 min-for each
additional25 mm over
125 mm
P-No. 5A [Notes (3), (4)] 675 1h/25mm (1 hminimum) 1 h/25 mm 5 h+plus 15 min for each
additional 25 mm over
125 mm
P-No. 5C [Notes (3), (4)] 675 1h/25mm (1 hminimum) 1 h/25 mm 5 h plus 15 min for each
additional 25 mm over
125 mm
P-No. 8 [Note (5)]
P-No. 10A [Notes (4), (6)] 595 1 h minimum plus 15 min 1 h minimum.plus 15 min 1 h minimum plus 15 min

for each additional
25 mm over 25 mm

for each additional
25“mm over 25 mm

for each additional
25 mm over 25 mm

P-No. 42 [Note (5)]

P-No. 43 [Note (5)]

P-No. 44 [Note (5)]

P-No. 45 [Note (5)]
NOTES:

(1) Postweld heat treatment is mandatory under the following conditiefs:

(a) for materials over 32 mm nominal thickness

(b) on material over 16 mm nominal thickness for pressube parts subject to direct firing
or SA- plate materials, the holding temperature shall not excee .
2) For SA-841 pl ials, the holdi Hall d 650°C

(3) Ifduringtheholding period of postweld heat treatment,the maximum time or temperature of any vessel component exceeds the provisions of
KT-112, additional test coupons shall be made andested.
(4) Postweld heat treatment is mandatory under the.following conditions:
(a) for all materials over 10 mm nominal‘thickness
(b) on materials of all thicknesses interided for pressure parts subject to direct firing
(5) Postweld heat treatment is neither required nor prohibited for joints between materials of P-Nos. 8, 42, 43, 44, or 45, or any combination
thereof. If postweld heat treatment issperformed for P-No. 8 or P-No. 45 materials, the Manufacturer shall consider the steps necessary to
avoid embrittlement and the precipitation of deleterious phases. See Section 11, Part D, Nonmandatory Appendix A, A-207 through A-210.
(6) Consideration should be given for possible embrittlement of materials containing up to 0.15% vanadium when postweld heat treating at
minimum temperatures.
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(4) the thickness of the nozzle neck at the joint in
nozzle neck-to-flange connections

(5) the thickness of the weld at the point of attach-
ment when a nonpressure part is welded to a pressure
part

(6) the thickness of the weld in tube-to-tubesheet
connections

(f) Forrepairs, the nominal thickness is the depth of the

repair weld.

KF-410 HEATING PROCEDURES FOR
POSTWELD HEAT TREATMENT

KF-411 METHODS OF HEATING

The postweld heat treatment shall be performed in
accordance with one of the procedures of this paragraph.
In the procedures that follow, the soak band is defined as
the volume of metal required to meet or exceed the
minimum PWHT temperatures listed in Table KF-402.1
(Table KF-402.1M). As a minimum, the soak band shall
contain the weld, heat-affected zone, and a portion of
base metal adjacent to the weld being heat treated.
The minimum width of this volume is the widest width
of weld plus 1t or 2 in. (50 mm), whichever is less, on
each side or end of the weld. The term ¢t is the
nominal thickness as defined in KF-402.3. For additional
detailed recommendations regarding implementation and
performance of these procedures, refer to Welding
Research Council (WRC) Bulletin 452, June 2000, “Recom-
mended Practices for Local Heating of Welds in Pressure
Vessels”.

KF-411.1 Heating Entire Vessel. Heating the'vessel asa
whole in a closed furnace is preferred andshould be used
whenever practical.

KF-411.2 Heating Vessel Portions. Heating the vessel
in more than one heat in a furnace is permitted, provided
the overlap of the heated secfions of the vessel is at least 5
ft (1.5 m). When this procedure is used, the portion outside
of the furnace shall be'shielded so that the temperature
gradient is not harmful (see KF-412). The cross section
where the vesselprojects from the furnace shall not inter-
sect a nozzle or‘other structural discontinuity.

KF-411.3 ‘Heating Components and Circumferential
Welds.

(a) It is permissible to heat shell sections, heads, and
other components of vessels, for postweld heat treatment
of longitudinal joints or complicated welded details,
before joining any sections to make the completed
vessel. Circumferential joints not previously postweld
heat treated may be locally postweld heat treated by
heating a circumferential band that includes such joints.

(b) Thisprocedure may also be used forlocal heattreat-
ment of circumferential joints in pipe, tubing, or nozzle
necks. In the latter case, proximity to the shell increases
thermal restraint, and the designer should provide
adequate length to permit heat treatment without
harmful gradients at the nozzle attachments. If this is
not practical, see KF-411.5.

(c) The width of the heated band on each side of the
greatest width of the finished weld shall be not léssythan
two times the shell thickness. The portion outside the
heating device shall be protected so that thetemperature
gradient is not harmful. For such local heating, the soak
band shall extend around the full circumference. The
portion outside the soak band shall be protected so
that the temperature gradient is-het harmful. This proce-
dure may also be used to postweld heat treat portions of
new vessels after repairs.

KF-411.4 Heating Vessel Internally. The vessel may
be heated internally.by any appropriate means when
adequate temperature indicating and recording devices
are utilized to aid in the control and maintenance of a
uniform distribution of temperature in the vessel wall.
The vessel shall be fully insulated where required
prior_to-heating so the temperature requirements of
KF<413 are met.

KF-411.5 Local Heating of Nozzles and External
Attachments on Vessels.

(a) Heating a circumferential band containing nozzles
or other welded attachments that require postweld heat
treatment in such a manner that the entire band shall be
brought up uniformly to the required temperature (see
KF-413) and held for the specified time. Except as modi-
fied in (b), the soak band shall extend around the entire
vessel, and shall include the nozzle or welded attachment.
The portion of the vessel outside of the circumferential
soak band shall be protected so that the temperature
gradient is not harmful.

(b) Thisprocedure may also be used forlocal heat treat-
ment of circumferential joints in pipe, tubing, or nozzle
necks. In the latter case, proximity to the shell increases
thermal restraint, and the designer should provide
adequate length to permit heat treatment without
harmful gradients — at the nozzle attachment, or heat
a full circumferential band around the shell, including
the nozzle.

The circumferential soak band width may be varied
away from the nozzle or attachment weld requiring
PWHT, provided the required soak band around the
nozzle or attachment weld is heated to the required
temperature and held for the required time. As an alter-
nate to varying the soak band width, the temperature
within the circumferential band away from the nozzle
or attachment may be varied and need not reach the
required temperature, provided the required soak
band around the nozzle or attachment weld is heated
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to the required temperature, held for the required time,
and the temperature gradient is not harmful throughout
the heating and cooling cycle. The portion of the vessel
outside of the circumferential soak band shall be protected
so that the temperature gradient is not harmful.

(c) The procedure in (a) may also be used to postweld
heat treat portions of vessels after repairs.

KF-411.6 Local Area Heating of Double Curvature
Heads or Shells. Heating a local area around nozzles
or welded attachments in the larger radius sections of
a double curvature head or a spherical shell or head in
such a manner that the area is brought up uniformly
to the required temperature (see KF-413) and held for
the specified time. The soak band shall include the
nozzle or welded attachment. The soak band shall
include a circle that extends beyond the edges of the
attachment weld in all directions by a minimum of ¢ or
2 in. (50 mm), whichever is less. The portion of the
vessel outside of the soak band shall be protected so
that the temperature gradient is not harmful.

KF-411.7 Heating of Other Configurations. Local area
heating of other configurations, such as spot or bulls-eye
local heating, notaddressed in KF-411.1 through KF-411.6
is permitted, provided that other measures (based upon
sufficiently similar documented experience or evaluation)
are taken that consider the effect of thermal gradients, all
significant structural discontinuities (such as nozzles,
attachments, head to shell junctures) and any mechanical
loads that may be present during PWHT. The portion of the
vessel outside of the soak band shall be protected so that
the temperature gradient is not harmful.

KF-412 HEAT TREATMENT THAT MAY-AFFECT
VESSEL STRESS REDISTRIBUTION

The Manufacturer shall ensure, in~décordance with
KG-323(e), that any heat treatment given to a vessel or
vessel part does not adversely affect the stress redistribu-
tion required by Articles KD-5) KD-8, and KD-9. In addi-
tion, the Manufacturer shallymeet the requirements for
heat treatment given innKF-830 or KF-540(b), as applica-
ble.

KF-413 HEATING AND COOLING RATES

Postweld heat treatment shall be carried out by one of
the methods given in KF-411 in accordance with the
following' requirements:

(a) The temperature of the furnace shall not exceed
800°F (430°C) at the time the vessel or part is placed
in it.

(b) Above 800°F (430°C), the rate of heating shall be
not more than 400°F/hr (220°C/h) per inch (25 mm) of
the maximum metal thickness of the shell or head plate,
but in no case more than 400°F/hr (220°C/h) and in no
case need it be less than 100°F/hr (55°C/h). During thé
heating period, there shall not be a greater variation-in
temperature throughout the portion of the vessel being
heated than 250°F (140°C) within any 15 ft«(4:6 m)
interval of length.

(c) Thevesselorvessel partshallbeheldatorabove the
temperature specified in Table KF-402.1 (Table
KF-402.1M) for the period of time specified. During the
holding period, there shall not be-a difference greater
than 100°F (55°C) between/the highest and lowest
temperatures throughout.thé€ portion of the vessel
being heated, except where)the range is further limited
in Table KF-402.1 (Tahle KF-402.1M).

(d) Duringthe heating and holding periods, the furnace
atmosphere shall\be‘so controlled as to avoid excessive
oxidation of thelsurface of the vessel. The furnace shall
be of such, design as to prevent direct impingement of
the flame on the vessel.

(e)¢Unless modified by Article KF-6, above 800°F
(430°C) cooling shall be done in a closed furnace or
cooling chamber at a rate not greater than 500°F/hr
(280°C/h) per inch (25 mm) of the maximum metal thick-
ness of the shell or head plate, butin no case need it be less
than 100°F /hr (55°C/h). From 800°F (430°C), the vessel
may be cooled in still air.

KF-420 POSTWELD HEAT TREATMENT AFTER
REPAIRS

Vessels or parts of vessels that have been postweld heat
treated in accordance with the requirements of this Article
shall again be postweld heat treated after repairs have
been made if the welds made in such repairs required
postweld treatment under the requirements of this
Article. The Manufacturer shall ensure that any additional
heat treatments required shall not adversely affect the
vessel material properties.
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ARTICLE KF-5
ADDITIONAL FABRICATION REQUIREMENTS FOR
AUTOFRETTAGED VESSELS

KF-500 GENERAL

The rules in this Article apply specifically to the fabrica-
tion of autofrettaged vessels and shall be used in conjunc-
tion with Article KF-1.

KF-510 EXAMINATION AND REPAIR

(a) All base materials to be used in fabrication shall be
examined ultrasonically in accordance with KE-232.

(b) The concurrence of the Professional Engineer who
certifies the Manufacturer’s Design Report shall be
obtained prior to making any repairs by welding.

(c) All repairs shall be made by the Material Manufac-
turer or the Manufacturer in accordance with Article KE-2
and documented in accordance with KE-214.

KF-520 AUTOFRETTAGE PROCEDURES

The Manufacturer shall have a written detailed(proce-
dure. The procedure shall contain, as a minighum, the
following.

(a) Method of accomplishing autofrettage.

(b) Method of controlling the extent of autofrettage.

(c) Method of recording time, temperature, and pres-
sure during autofrettage.

(d) Method for measuring the extent of autofrettage
achieved and for determinifg/that it is within acceptable
limits. Article KD-5 contains an equation which relates
measured strain to theextent of autofrettage.

(e) Any machininig after autofrettage shall be docu-
mented. The influence of machining after autofrettage
is discussed in“KD-520(b).

KF-521"DOCUMENTATION OF NUMBER OF
PRESSURIZATIONS

The effect on crack initiation and ultimate fatigue life of
multiple autofrettage attempts which exceed 1.25 times
the design pressure shall be documented by the Designer.

The Vessel Manufacturer shall documentall such attempts
and submit them to the Professional’Engineer who certi-
fied the Manufacturer’s Design Report for approval.

KF-530 EXAMINATION AFTER
AUTOFRETTAGE

Surfaces which afe~éxpected to undergo plastic defor-
mation during autofrettage and which will not be acces-
sible during.thefinal surface examination required in
KE-400 shalkbe examined by one of the methods in
KE-230ras appropriate.

KF<540 REPAIR OF DEFECTS AFTER
AUTOFRETTAGE

(a) Defects may be removed and the vessel repaired by
the Manufacturer in accordance with KF-510.

(b) If repair by welding is performed, no credit for the
favorable effects of autofrettage in the area of the weld
repair shall be taken in the fatigue analysis required in
Part KD. Repair welding shall be done in accordance
with the requirements of Article KE-2. If postweld heat
treatment is required, the effects of this heat treatment
on the residual stress distribution shall be documented
by the Manufacturer in the Manufacturer’s Construction
Report.

KF-550 STAMPING AND REPORTS

The provisions for stamping and reports in Part KS shall
apply to pressure vessels fabricated in accordance with
this Article. In addition to the required marking, the
letters PS shall be applied below the Certification Mark
and U3 Designator (see KF-601).
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ARTICLE KF-6
ADDITIONAL FABRICATION REQUIREMENTS FOR QUENCHED
AND TEMPERED STEELS

KF-600 GENERAL

The following supplementary rules are applicable to
steels suitable for welded vessel parts, the material prop-
erties of which have been enhanced by quenching and
tempering heat treatment. The provisions of KM-240
shall also apply to materials whose properties are
enhanced by quenching and tempering heat treatment.

KF-601 MARKING ON PLATES AND OTHER
MATERIALS

Any steel stamping shall be done with low stress
stamps. Steel stamping of all types may be omitted on
material with a thickness of % in. (13 mm) or less. For
the use of other markings in lieu of stamping, see KF-112.

KF-602 REQUIREMENTS FOR HEAT TREATING
AFTER FORMING

(a) Parts formed after quenching and tempering, and
which are formed at a temperature lower than thefinal
tempering temperature, shall be heat treated. in“accor-
dance with Table KF-630 (Table KF-630M)-when the
extreme fiber elongation from forming éxceeds 5% as
determined by eqgs. (1) or (2).

(1) For double curvature (for example, heads):

% extreme fiber elongation\= %Sft (1 — I}i—fo) (1)
(2) For single cugvature (for example, cylinders):
% extreme fiber elongation = 0t [1 - %) (2)
0
where
Rf =) final centerline radius, in. (mm)

Ry

original centerline radius (equals infinity for flat
plate), in. (mm)

t = plate thickness, in. (mm)

(b) Partsformed attemperature equal to or higher than
the original tempering temperature shall be requenched
and tempered in accordance with the applicable material

specifications either before or after welding into the
vessel.

KF-603 MINIMUM THICKNESS‘AFTER FORMING

The minimum thickness aftér forming of any section
subject to pressure shall be-%in. (6 mm).

KF-610 WELDING REQUIREMENTS

KF-611 QUALIFICATION OF WELDING
PROCEDURES AND WELDERS

The qualification of the welding procedure and the
weldexsishall conform to the requirements of Section
IX andvany additional requirements of this Section.

KF-612 FILLER METAL

Filler metal containing more than 0.08% vanadium shall
not be used for weldments subject to postweld heat treat-
ment.

KF-613 PREPARATION OF BASE METAL

Preparation of plate edges, welding bevels, and cham-
fers, and similar operations involving the removal of
metal, shall be by machining, chipping, grinding, or by
gas cutting or air arc gouging, as provided in KF-613.1.

KF-613.1 Precautions Necessary When Using Gas
Cutting or Gouging. When metal removal is accomplished
by methods involving melting, such as gas cutting or arcair
gouging, etc., it shall be done with due precautions to avoid
cracking. Where the cut surfaces are not to be subse-
quently eliminated by fusion with weld deposits, they
shall be removed by machining or grinding to a depth
of at least Y4 in. (1.6 mm) followed by inspection by a
surface examination method in accordance with KE-233.

KF-614 WELD FINISH

All weld deposits shall merge smoothly into the base
metal without abrupt transitions.

(25)
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(25)
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(25)

KF-615 TOUGHNESS REQUIREMENTS FOR WELDS

The deposited weld metal and the heat-affected zone
shall meet the impact test values of KM-234 when
tested in accordance with Article KT-2.

KF-620 TEMPORARY WELDS WHERE NOT
PROHIBITED

(a) Temporary welds for pads, lifting lugs, and other
nonpressure parts, as well as temporary lugs for align-
ment, shall be made by qualified welders and procedures
in accordance with KF-210.

(b) Temporary welds shall be removed and the metal
surface shall be restored to a smooth contour. The area
shall be examined by a surface examination method in
accordance with KE-233. If repair welding is required,
it shall be documented in accordance with KE-210.
Temporary welds and repair welds shall be considered
the same as all other welds insofar as requirements
for qualified operators and procedures and for heat treat-
ment are concerned.

KF-630 POSTWELD HEAT TREATMENT

(a) Vessels or parts of vessels constructed of quenched
and tempered steels shall be postweld heat treated when
required in Table KF-630 (Table KF-630M). When deter-
mining the thickness requiring postweld heat treatment in
Table KF-630 (Table KF-630M) for clad or weld deposit
overlayed vessels or parts of vessels, the total thickness of
the base material shall be used.

(b) Postweld heat treatment shall be pérformed in
accordance with Article KF-4, as modified by the require-
ments of Table KF-630 (Table KF-630M).In no case shall
the PWHT temperature exceed the témpering tempera-
ture. PWHT and tempering may be-aécomplished concur-
rently. Where accelerated cooling from the tempering
temperature is required bysthe material specification,
the same minimum cooling rate shall apply to PWHT.

(c) Allwelding of comhections and attachments shall be
postweld heat tredted whenever required by
Table KF-630 (Table KF-630M), based on the greatest
thickness of material at the point of attachment to the
head or shell (see KF-402.1 and KF-402.2).

(d) Eurnacesshall be provided with suitable equipment
for therautomatic recording of temperatures. The metal
temperature of the vessel or vessel part during the

holding period shall be recorded and shall be controlled
within #25°F (+14°C).

(e) Parts or entire vessels may be rapidly cooled after
PWHT by spraying or immersion when temper embrittle-
ment is of concern. See KM-240 for heat treatment certi-
fication requirements.

(f) The P-Numbers and Group Numbers listed for somé
of the materials in these tables are for reference only. For
welded construction in this Division, Section IX;/Table
QW/QB-422 shall be consulted for P-Numbers and
Group Numbers. When there is a conflict in.P-Number
or Group Number, the numbers in Sectipn-IX govern.

KF-640 EXAMINATION AND'TESTING
KF-641 EXAMINATION AETER HEAT TREATMENT

After final heat treatmentysuch vessels shall be exam-
ined for the presence oficracks on the outside surface of the
shell and heads and\pii'the inside surface where practic-
able. This examinatien shall be made in accordance with
KE-233.

KF-642- CHECK OF HEAT TREATMENT BY
HARDNESS TESTING

After final heat treatment, quenched and tempered
materials shall be subjected to Brinell hardness tests.
The readings shall be taken at a minimum of three loca-
tions representing the approximate center and each end of
the components. The axial interval between each location
shall not exceed 5 ft (1.5 m). Four readings shall be taken
equally spaced around the circumference at each of these
locations. The average Brinell hardness at any location
where hardness is measured shall not vary by more
than 40 HB.®

KF-650 STAMPING AND REPORTS

The provisions for stamping and reports in Part KS shall
apply to pressure vessels constructed in whole or in part of
quenched and tempered steels, except that the use of
nameplates is mandatory for shell thicknesses below
%, in. (13 mm). Nameplates are preferred on vessels of
quenched and tempered steels in thicknesses above
1/, in. (13 mm) instead of stamping. In addition to the
required marking, the letters UQT shall be applied
below the Certification Mark and U3 Designator (see
KF-601).
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Table KF-630
Postweld Heat Treatment Requirements for Quenched and Tempered Materials in Table KM-400-1
(U.S. Customary Units)

Thickness Holding Time
P-No. and Requiring Postweld Heat
Spec. No. Grade or Type Group No. PWHT, in. Treatment Temp., °F hr/in. min./hr
Plate Steels
SA-517 Grade A 11B Gr. 1 Over 0.58 1,000-1,100 1 Y
SA-517 Grade B 11B Gr. 4 Over 0.58 1,000-1,100 1 14
SA-517 Grade E 11B Gr. 2 Over 0.58 1,000-1,100 1 %
SA-517 Grade F 11B Gr. 3 Over 0.58 1,000-1,100 1 T
SA-517 Grade ] 11B Gr. 6 Over 0.58 1,000-1,100 1 Y
SA-517 Grade P 11B Gr. 8 Over 0.58 1,000-1,100 1 Y
SA-533 GradesB&D,Cl.3 11A Gr. 4 Over 0.58 1,000-1,050 A A
SA-543 TypeB&C CL1 11AGr. 5 [Note (2)] 1,000-1,050 1 1
SA-543 Type B&C, Cl. 2 11B Gr. 10 [Note (2)] 1,000-1,050 1 1
SA-724 Grades A & B 1Gr. 4 None NA [Note (1)] NA. [Note (1)] NA [Note (1)]
SA-724 Grade C 1Gr. 4 Over 1.5 1,050-1,150 1 A
Forgings
SA-372 Grade E, CL. 70 See Section II, Part A, SA-372 for heat treating requirements
SA-372 Grade F, Cl. 70 See Section II, Part A, SA~372 for heat treating requirements
SA-372 Grade J, Cl. 110 See Section II, Part,A, SA-372 for heat treating requirements
SA-508 Grade 4N, CL. 1 11A Gr. 5 [Note (2)] 1,000-1,050 1 1
SA-508 Grade 4N, CL 2 11B Gr. 10 [Note (2)] 1,000+1,050 1 1
SA-508 Grade 4N, CL. 3 3Gr.3 [Note (2)] 1,000-1,050 1 1
NOTES:

(1) NA indicates not applicable.
(2) PWHT is neither required nor prohibited. Consideration should bgygivVen to the possibility of temper embrittlement. The cooling rate from
PWHT, when used, shall not be slower than that obtained by‘cooling in still air.
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Table KF-630M
Postweld Heat Treatment Requirements for Quenched and Tempered Materials in Table KM-400-1M (Sl Units)

Thickness Postweld Heat Holding Time
P-No. and Requiring Treatment
Spec. No. Grade or Type Group No. PWHT, mm Temp., °C h/25 mm min./h
Plate Steels
SA-517 Grade A 11B Gr. 1 Over 14.7 540-590 1 Y
SA-517 Grade B 11B Gr. 4 Over 14.7 540-590 1 Y
SA-517 Grade E 11B Gr. 2 Over 14.7 540-590 1 Y
SA-517 Grade F 11B Gr. 3 Over 14.7 540-590 1 '3
SA-517 Grade ] 11B Gr. 6 Over 14.7 540-590 1 Y
SA-517 Grade P 11B Gr. 8 Over 14.7 540-590 1 Y
SA-533 Grades B&D,CL3 11A Gr. 4 Over 14.7 540-570 P P
SA-543 Types B& C,Cl.1 11AGr. 5 [Note (2)] 538-566 1 1
SA-543 Types B & C, CL.2 11A Gr. 10 [Note (2)] 538-566 1 1
SA-724 Grades A & B 1Gr. 4 None NA [Note (1)] NA,[Note (1)] NA [Note (1)]
SA-724 Grade C 1Gr. 4 Over 38 565-620 1 A
Forgings
SA-372 Grade E, Cl. 70 See Section II, Part A, SA-372 for heat treating requirements
SA-372 Grade F, CL. 70 See Section II, Part A, SA-372 for heat treating requirements
SA-372 Grade J, CL. 110 See Section II, Part"A»SA-372 for heat treating requirements
SA-508 Grade 4N, CL 1 11A Gr. 5 [Note (2)] 540-590 1 1
SA-508 Grade 4N, CL 2 11B Gr. 10 [Note (2)] 5402565 1 1
SA-508 Grade 4N, ClL 3 3Gr.3 [Note (2)] 540-590 1 1
NOTES:

(1) NA indicates not applicable.
(2) PWHT is neither required nor prohibited. Consideration should be given to the possibility of temper embrittlement. The cooling rate from
PWHT, when used, shall not be slower than that obtained{bycooling in still air.
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ARTICLE KF-7
SUPPLEMENTARY REQUIREMENTS FOR MATERIALS WITH
WELDING RESTRICTIONS

KF-700 SCOPE

This Article gives additional requirements for forged
vessels and vessel components fabricated of materials
in which welding is restricted.

KF-710 REPAIR OF DEFECTS
KF-711 LOCALIZED THIN AREAS

Surface defects may be removed by blend grinding
subject to the restrictions of KE-211.

KF-712 REPAIR OF DEFECTS BY WELDING

Materials not permitted by Part KM for welded
construction may be repaired by welding if all of the
following conditions are met:

(a) The carbon contentisless than or equal to 0.40% by
heat analysis.

(b) Repair welding is not prohibited by either Part KM
or the material specification listed in Section II/Part A.

(c) Both the user and Material Manufactuter or the
Manufacturer agree to repair welding.

(d) Therepair welding is in accordance with a qualified
welding procedure specification and’performed by
welders or welding operators qualified in accordance
with Section IX.

(e) The suitability of the electrode and procedure,
including preheat and postheat, shall be established by
making a groove weld spécimen as shown in Section
IX, Figures QW-461.2‘and QW-461.3 in material of the
same analysis and of thickness in conformance with

Section IX, Tables QW-451.1 through QW+-451.4 and
Tables QW-452.1(a) through QW¢452.6. Before
welding, the specimen shall be in _the Same condition
of heat treatment as the work it-represents, and after
welding, the specimen shall be subjected to heat treatment
equivalent to that contemplatédfor the work. Tension and
bend specimens, as shown in Section IX, Tables
QW-462.1(a) through'\QW-462.1(e), QW-462.2, and
QW-462.3(a) shall be made. These tests shall meet the
requirements of Section IX, QW-150 and QW-160. The
radius of the.mandrel used in the guided bend test
shall be in accordance with KF-222.1.

(f) For-allowable depth of repairs, see Article KE-2.

(g) The finished welds shall be postweld heat treated or
given a/further heat treatment as required by the appli-
cablé material specification. This welding shall be
performed prior to final heat treatment except for seal
welding of threaded openings, which may be performed
either before or after final treatment.

(h) The finished welds shall be examined after post-
weld heat treatment in accordance with the requirements
of Article KE-3.

KF-720 METHODS OF FORMING FORGED
HEADS

Except for integral heads as described in KD-640, heads
shall be made as separate forgings or by closing the extre-
mities of a hollow forged body to such shape and dimen-
sions as may be required to produce the final form desired.
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ARTICLE KF-8
SPECIFIC FABRICATION REQUIREMENTS FOR LAYERED
VESSELS

KF-800 SCOPE

(a) Therules ofthis Division apply to all layered vessels
except as specifically modified by this Article. The rules in
this Article apply specifically to layered vessels, layered
shells, and layered heads.

(b) This Division provides rules for two basic types of
layered vessels: those constructed by shrink fitting fabri-
cated layers, and those constructed by fitting and welding
concentrically wrapped layers together. For a further
discussion of these types of layered vessels, refer to
Article KD-8.

(c) Fabrication rules for these two vessel types differ.
Paragraphs KF-810 through KF-814 give rules for vessels
of shrink-fit construction, while KF-820 through KF-827
give rules for concentrically wrapped, welded layered
vessels.

(d) Paragraph KF-830 gives rules for postweld heat
treatment that apply to both types of vessel construction.

KF-810 RULES FOR SHRINK-FIT VESSELS
KF-811 FABRICATION OF INDIVIDUAL LAYERS

Prior to the shrink-fit assembly priocess, each layer shall
be individually fabricated, heat treated as applicable, and
examined in accordance with the rules given for vessels in
this Division. If a layer is autofrettaged prior to the shrink-
fit process, the rules of Article KF-5 shall apply to the auto-
frettaged layer. If a layeris rolled and welded, the require-
ments of Articles KF-2 and KF-4 shall apply to the layer
prior to the asSenibly process. The examination rules of
Part KE shall apply to each layer where applicable.

KF-812 SHRINK-FIT PROCESS TEMPERATURES

Thetemperatures needed to produce the design inter-
ference fit shall not exceed the tempering temperature of
the material. The Manufacturer shall ensure that there will
be no loss in the material properties due to the heating
process.

KF-813 ASSEMBLY PROCEDURE AND REPORT

The Manufacturer shall provide‘a-written procedure
that describes in detail the fabrication process steps
that will be used to producé«he design residual stress
distribution. This procedure shall address but is not
limited to the following:

(a) The method for-accomplishing the stress redistri-
bution shall be identified, together with the necessary
process controls.

(b) Variablesthatare to be controlled to accomplish the
design residual stress distribution shall be identified,
together/with changes in their values necessary to
enslre adequate control of the process.

(¢) The methods used to measure the amount of resi-
dual stress distribution that is achieved, with precision
consistent with the criteria of (b), shall be identified. Relia-
bility of measuring devices shall be ensured through
redundancy or other means. If thermally compensated
resistance strain gages are used, a minimum of four
gages shall be provided.

(d) All measured data from (a), (b), and (c) shall be
documented and reported to the Designer who signs
the Manufacturer’s Design Report. A copy of the
shrink-fitting assembly procedure shall also be given
to the Designer with this data.

KF-814 EXAMINATION OF VESSELS WITH THREE
OR MORE LAYERS

In addition to the examinations required by KF-811 and
KE-400, for vessels containing three or more layers the
following examinations are also required. After each
shrink-fitting operation is completed, the entire surface
of the subassembly that will be covered by the next
layer in the assembly process shall be given a surface
examination in accordance with KE-233.
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KF-820 RULES FOR CONCENTRICALLY
WRAPPED WELDED LAYERED
VESSELS

KF-821 WELDING FABRICATION REQUIREMENTS

(a) The inner layer shall be seamless or contain Type
No. 1 butt joints (see KF-221). Welds attaching the inner
shell layer to the inner head layer shall be Type No. 1 butt
joints. The use of permanent backing strips is prohibited.

(b) Type No. 2 butt joints are single-welded butt joints
which use the previous layer for backing. These types of
joints shall be staggered. They shall not be used as full
thickness welds to attach layered section to layered
section. Where Type No. 2 butt joints are used, particular
care shall be taken in aligning and separating the compo-
nents to be joined so that there will be complete penetra-
tion and fusion at the bottom of the joints for their full
length.

(c) Weld joints shall be ground to ensure contact
between the weld area and the succeeding layer,
before application of the layer.

(d) Category Aweldjointsinlayered shell sections shall
be in an offset pattern such that the centers of the welded
longitudinal joints of adjacent layers are separated
circumferentially by a distance of at least five times
the layer thickness in the joint to be welded. Weld cate-
gories are described in KE-321.

(e) Category Aweldjointsinlayered heads may beinan
offset pattern; if offset, the joints of adjacent layers shall he
separated by a distance of at least five times the layer
thickness in the joint to be welded.

(f) Category A, B, C, or D weld joints thatyattach a
layered section to a solid section and category A or B
weld joints that attach a layered section.to a layered
section shall be Type No. 1 butt joints. See
Figures KD-830.5 and KD-830.6 fer\some acceptable
configurations.

The offset pattern circumferential welds as shown in
Figure KD-830.5, illustrations (d), (e) and (f) and circum-
ferential weld using an‘insert as shown in Figure
KD-830.5, illustration;{(b) are acceptable when the
inner layers are desighed as Type No.1 butt joints.

Offset pattern welds shall be such that the centers of the
adjacent weld joints are separated by a minimum of 5
times the layer thickness to be joined.

KF-822, WELDING PROCEDURE QUALIFICATION

Requirements for welding qualification and records
shall be in accordance with KF-210, except that the
layered test plate welding procedure qualification shall
be modified as follows:

(a) The minimum and maximum thicknesses qualified
by procedure qualification test plates shall be as shown in
Section IX, Tables QW-451.1 through QW-451.4, except
that

(1) for category A welds in the layer section of the
shell, the qualification shall be based upon the thickness of
the thickest individual layer exclusive of the inner shell or
inner head

(2) for category B weld procedure qualification, the
thickness of the layered test plate need not exceed 3 in.
(75 mm), shall consist of at least two layers, but shall not
be less than 2 in. (50 mm) in thickness

(3) for category B weld joints made individually for
single layers and spaced at least one layer thickness dpart,
the procedure qualification for category A weldsapplies

(b) The longitudinal weld joint of the inner’shell or
inner head and the longitudinal weld joint of layered
shell or layered head shall be qualified separately
unless it is of the same P-Numbep-material. The weld
gap of the longitudinal layer weld joint shall be the
minimum width used in the pfocedure qualification for
layers 7 in. (22 mm) and less-in thickness.

(c) Circumferential layerito-layer weld joints, or the
layer-to-solid weld joints in a solid head, flange, or end
closure, shall be qualified with a simulated layer test
plate as shown in‘Figure KF-822(a) for layer thicknesses
7 in. (22 mm)-and under. A special type of joint tensile
specimen shall’be made from the layer test coupon as
shown inFigure KF-822(b). Face and root bend specimens
shall be-made of both the inner and outer weld to the thick-
ness of'the layer by cutting the weld to the layer thickness.

KF-823 WELDER PERFORMANCE QUALIFICATION

Welding shall be performed only by welders and
welding operators who have been qualified in accordance
with Section IX. The minimum and maximum thicknesses
qualified by any welder test plate shall be as shown in
Section IX, Tables QW-452.1(a) through QW-452.6.

KF-824 VENTING BETWEEN LAYERS

Vent holes shall be provided to detect leakage of the
inner shell and to prevent buildup of pressure within
the layers as follows:

(a) Ineachshell course or head segment, alayer may be
made up of one or more plates. Each layer plate shall have
at least two vent holes %, in. (6 mm) diameter or larger.
Holes may be drilled radially through the multiple layers
or may be staggered in individual layer plates.

(b) Vent holes shall not be obstructed. If a monitoring
system is used, it shall be designed to prevent buildup of
pressure within the layers.

KF-825 NONDESTRUCTIVE EXAMINATION OF
WELDED JOINTS

The rules of the following paragraphs supplement and
modify the requirements of Part KE. They apply specifi-
cally to the nondestructive examination of pressure
vessels and vessel parts that are fabricated using
layered construction.
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Figure KF-822(a)
Solid-to-Layered and Layered-to-Layered Test Plates

GENERAL NOTE: For T > 1 in. (25 mm), multiple specimens in accordance with Section IX, QW-151 may be used.
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(25)

(25)

Figure KF-822(b)
Test Specimens for Weld Procedure Qualification

Grip length = 4 in.

(100 mm) min. 1in. (25 mm)

min. radius

14 in. (355 mm) approx.

Weld reinf. to be machined
flush with base metal

J

5/gin. (16 mm)

5 I
1/5 in. (13 mm) approx.

Grip surface

-

|

I

I

I

I

I

N |
~<—Weld—Dboth ends for Figure KF-822(a), illustration (c);

layer side only for Figure KF-822(a), iflustration (b)

Specimen

Weld—(typical) four places for Figure KF-822(a), illustration (c);
two places (layer side only) for Figure KF-822(a),

illustration (b)

Grip surface\

A

Parallel length = Maximum weld width
plus 1in. (25 mm)

-

_—— Grip surface

J

L NG |

e

-

N

Specimen B (Alternate Specimen)

GENERAL NOTE: Specimens A and B are plan views of Figure KF-822(a), illustratiens (b) and (c), and are identical except for locations of grip

surfaces and welds. All grip surfaces are to be machined flat.

KF-825.1 Inner Shells and Inner Heads. CategorieS.A
and Bjoints in the inner shells of layered shell sections and
in the inner heads of layered heads shall be€xamined
throughout their entire length in accordance with
Article KE-3 before application of subseduent layers.

KF-825.2 Category A Weld Joints.in-Layers.

(a) Category A joints in layers-% in. (6 mm) through
%6 in. (8 mm) in thickness welde@'to the previous surface
shall be examined for 100%-of their length in accordance
with Article KE-3 a surface examination method in accor-
dance with KE-233.

(b) Category A joints in layers over % in. (8 mm) in
thickness welded to the previous layer shall be examined
for 100% of theirlength by both a surface and a volumetric
examination in accordance with Article KE-3. For the
ultrasonic/method, the distance amplitude correction
curye‘or reference level shall be raised by 6 dB for the
bettem 10% of the weld thickness.

KF-825.3 Step Welded Girth Joints in Layers.

(a) Category B joints in layers ¥ in. (6 mm) through
%6 in. (8 mm) in thickness shall be spot examined over a
minimum of 10% of their length in accordance with Article
KE-3 by a surface examination method in accordance with

KE-233. The random spot examination shall be performed
as specified in KF-825.8.

(b) Category B joints in layers over % in. (8 mm)
through 7% in. (22 mm) in thickness shall be examined
for 100% of their length in accordance with Article
KE-3 by a surface examination method in accordance
with KE-233. In addition, these joints shall be spot exam-
ined over a minimum of 10% of their length by the ultra-
sonic method in accordance with Article KE-3, except that
the distance amplitude correction curve or reference level
shall be raised by 6 dB for the bottom 10% of the weld
thickness. The random spot examination shall be
performed as specified in KF-825.8.

(c) Category B joints in layers over 7% in. (22 mm) in
thickness shall be examined for 100% of their length by
both a surface and volumetric means in accordance with
Article KE-3. For ultrasonic examination, the distance
amplitude correction curve or reference level shall be
raised by 6 dB for the bottom 10% of the weld thickness.

KF-825.4 Through-Thickness Butt Joints.

(a) Categories Band D joints attaching a solid section to
a layered section or a layered section to a layered section
shall be examined over their entire length in accordance
with Article KE-3.
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(25)

Figure KF-825.4
Indications of Layer Wash

Judged in accordance with KE-332

Typical indication
of layer wash
(shall not exceed
acceptance criteria
in KE-332)

/La:ered segtion

Ad wall section

NOTE: (1) Any indication not in line with layer interface shall be interpreted in accordance with KF-825.4.

(b) Itis recognized that layer wash® or acceptable gaps
(see KF-826) mayshow as indications difficult to distin-
guish from slag'on'radiographic film. Acceptance shall be
based on referénce to the weld geometry as shown in
Figure KE-825.4 and acceptance criteria in KE-332.

KF-825.5 Flat Head and Tubesheet Weld Joints. Cate-
gory Cjoints attachinglayered shell orlayered heads to flat
heads and tubesheets shall be examined to the same re-
quirements as specified for Category B joints in KF-825.3.

KF-825.6 Welds Attaching Nonpressure Parts and
Stiffeners. All welds attaching supports, lugs, brackets,
stiffeners, and other nonpressure attachments to pressure
parts (see Article KD-7) shall be examined on all exposed
surfaces by a surface examination method in accordance
with the requirements of Article KE-3. However, the exam-

ination required in KF-224 shall be made after any post-
weld heat treatment.

KF-825.7 Transition Welds.

(a) All weld metal buildup in solid wall sections in
layered transitions shall be examined over the full
surface of the deposit by a surface examination
method in accordance with Article KE-3.

(b) When such surface weld metal buildup is used in
welded joints which require radiographic or ultrasonic
examination, the weld metal buildup shall be included
in the examination.

KF-825.8 Random Spot Examination and Repair of (25)

Weld. The random surface examinations required by
KF-825.3(a), and the ultrasonic examinations required
by KF-825.3(b). shall be performed as follows:
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Figure KF-826
Gap Area Between Layers

0.010 in. (0.25 mm)
(nonrelevant gap)

0.010 in. (0.25 mm)
(nonrelevant gap)

Legend:
area of gap (approx.) = %hb, in.? (mm)?

b = arc length of relevant radial gap, in. (mm)
h = radial gap, in. (mm)
Ry = radius of vessel at gap, in. (mm)

layer thickness, in. (mm)

(a) The location of the random spot shall be chosen by
the Inspector, except that when the Inspector has been
duly notified in advance and cannot be present or other-
wise make the selection, the Manufacturer may exercise
judgment in selecting the random spot or spots. The
minimum length of a spot shall be 6 in. (150 mm).

(b) When any random spot examination discloses
welding which does not comply with the minimum
quality requirements of the applicable paragraphs of
Article KE-3, two additional spots of equal length shall
be examined in the same weld unit at locations_ away
from the original spot. The locations of these additional
spots shall be determined by the Inspector of.Manufac-
turer as provided for in the original spot examination.

(c) Ifeither ofthe two additional spots examined shows
welding which does not comply with theminimum quality
requirements of the applicable paragraphs of Article KE-3,
the entire unit of weld representedishall be rejected. The
entire rejected weld shall be removed and the joint shall be
rewelded or, at the Manufacturer’s option, the entire unit
of weld represented shall be completely examined and
defective welding only.need be corrected.

(d) Repair weldingshall be performed using a qualified
procedure and,in a manner acceptable to the Inspector.
The reweldedyjoint or the weld repaired areas shall be
random spet examined at one location in accordance
with the reéquirements of KF-825.3(a) and KF-825.3(c).

KF-826 GAPS BETWEEN LAYERS

KF-826.1 Contact Between Layers. The following re-
quirements shall be satisfied:

(a) After weld preparation and before welding circum-
ferential seams, the height of the radial gaps between any
two adjacent layers shall be measured at the ends of the
layered shell section or layered head section at right

angles to the vessel axis, and also the length of the relevant
radial gap in inches shall be measured, neglecting radial
gaps of less than'0.010 in. (0.25 mm) as nonrelevant. An
approximatien of the area of the gap shall be calculated as
indicated in Figure KF-826.

(b)\n the case of layered spheres or layered heads, if
thegaps cannot be measured as required in (a), measure-
ment of gap heights shall be taken through vent holes (see
KF-824) in each layer course to ensure that the height of
gaps between any two layers does not exceed the gap
permitted in (c). The spacing of the vent holes shall be
such that gap lengths can be determined. In the event
an excessive gap height is measured through a vent
hole, additional vent holes shall be drilled as required
to determine the gap length. There shall be at least
two vent holes per layer segment.

(c¢) The maximum number and size of gaps permitted in
any cross section of a layered vessel shall be limited by the
most stringent conditions given in (1) through (5).

(1) Maximum gap between any two layers shall not
exceed the value of h evaluated in KF-826.2 or % in.
(5 mm), whichever is less.

(2) Maximum permissible number of gaps and their
corresponding arc lengths atany cross section of a layered
vessel shall be calculated as follows. Measure each gap and
its corresponding length throughout the cross section, h
and b; then calculate the value of F for each of the gaps
using eq. (1):

bh
F=0.109— )

Rg
where

b = length of gap, in. (mm)
F = gap value (dimensionless)
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gap between any two layers, in. (mm)
outside radius of layer above which the gap is
located, in. (mm)

(3) The total sum of the values of F calculated above
shall be evaluated in accordance with KF-826.3.

(4) Thegaparea,Aybetweenany two adjacentlayers
shall not exceed the thickness of the thinner of the two
adjacent layers expressed in area units.

(5) The maximum length of any single gap shall not
exceed the inside diameter of the vessel. Where more than
one gap exists between any two adjacent layers, the sum of
the gap lengths between these layers shall not exceed the
inside diameter of the vessel.

(d) All measured data from (a), (b), and (c) shall be
documented and reported to the Designer who signs
the Manufacturer’s Design Report.

KF-826.2 Evaluation for Maximum Gap. The
maximum gap between any layers based on number of
design cycles shall be evaluated as follows:

(a) The longitudinal stress of the shell and the bending
stress due to pressure and the gap can be calculated
respectively as:

2
Ry
Ol = —5—P @
Ro" - Ry
1.812Eh
1=z @
g

0 and op; may be obtained by analysis using analysis
model with maximum gap.

(b) The maximum gap shall be evaluated in dccordance
with KD-340. The allowable cycle for miaximum gap and
design pressure shall be equal to or greater than design
cycle, where

E = modulas of elasticity,-ksi (MPa)
h = maximum gap between any two layers, in. (mm)
P = design pressure; ksi (MPa)
R, = outsideradius oflayer above which the gap is indi-
cated, in:.(mm)
R; = inside(diameter, in. (mm)
Ro = ougside diameter, in. (mm)
oy = ongitudinal bending stress due to gap between
any two layers, in. (mm)
Omy = longitudinal membrane stress due to pressure, ksi

(MPa)

KF-826.3 Evaluation for Maximum Permissible
Number of Circumferential Gaps. The maximum permis-
sible number of circumferential gaps and their corre-
sponding lengths due to pressure can be evaluated as
follows:

(a) The circumferential stress of the cylindrical shell
due to pressure and gaps can be calculated as follows:

2 2
6 = Rpo™+ Py p @
p R02 _ R12
E
— 5

0y, and oy, may be obtained by analysis using analysis
model with maximum permissible number of circumfer-
ential gaps.

(b) o shall be satisfied as follows:

o < (AUN - Utp) (6)
where
E = modulas of elasticity/ksi (MPa)
P = design pressure
R, = inside diameter;\ih. (mm)
Aoy = structural stress range corresponding to design
cycle per KD-340
v = poisson’siratio
Y'F = total sum of the value of F [all of the accumulated
gap'strain, see KF-826.1(c)(2)]
0.y Thcircumferential stress in a layer due to all the
accumulated gap strains
0y, = circumferential stress due to pressure

The structural stress range Aoy corresponding to design
cycle shall be obtained in accordance with KD-340.

KF-827 CIRCUMFERENTIAL EXPANSION DURING
HYDROTEST

The following measurements shall be taken at the time
of the hydrostatic test to check on the contact between
successive layers, and the effect of gaps which may or
may not be present between layers:

(a) The circumference shall be measured at the
midpoint between adjacent circumferential joints, or
between a circumferential joint and any nozzle in a
shell course. Two sets of measurements are to be
taken. The first is to be taken at zero pressure prior to
hydrotest. The second set is to be taken during the
hydrotest (see KT-330). After the hydrotest pressure
has been successfully maintained for a minimum of 5
min, the measurements shall be made while the hydrotest
pressure is maintained. The difference in measurements
shall be averaged for each course in the vessel and the
resultsrecorded as average middle circumferential expan-
sion e,, in inches.

(b) The theoretical circumferential expansion e, of a
solid vessel shall be calculated in accordance with KD-822.

(c) Acceptance criteria for circumferential expansion at
the hydrotest pressure shall be in accordance with
KD-822.
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(d) All measured data from (a), (b), and (c) shall be
documented and reported to the Designer who signs
the Manufacturer’s Design Report.

KF-830 HEAT TREATMENT OF WELDMENTS

(a) Postweld heat treatments of layers after the shrink-
fit assembly process will cause the residual stress distri-
bution obtained by the shrink-fitting operation to be
reduced. The residual stress will not be known within
the tolerance required in KD-810(a). Therefore, if a post-
weld heat treatment is given to shrink-fitted layers, no
credit shall be taken for the beneficial effects of the pre-
stress obtained by shrink fitting. For alternative rules
pertaining to postweld heat treatment of layered
vessels, refer to (b).

(b) When required, pressure parts shall be postweld
heat treated in accordance with Articles KF-4 and
KF-6; however, completed layered vessels or layered
sections need not be postweld heat treated provided
all welded joints connect a layered section to a layered
section, or a layered section to a solid wall, and all of
the following conditions are met.

(1) The thickness referred to in Table KF-402.1 and
Table KF-630 (Table KF-630M) is the thickness of one
layer. Should more than one thickness of layer be
used, the thickness of the thickest layer shall govern.

(2) The finished joint preparation of a solid section
or solid nozzle which is required to be postweld heat
treated under the provisions of Table KF-402.1 or
Table KF-630 (Table KF-630M) shall be provided with
a buttered layer of at least ¥, in. (6 mm) thick welding
material not requiring postweld heat treatment, Solid
sections of P-No. 1 materials need not have this:buttered
layer. Postweld heat treatment of the buttereéd solid
section shall then be performed prior té-attaching to
the layered sections. Postweld heat treatment following
attachment to the layered section is-het required unless
thelayered section is required to bepostweld heat treated.

(3) A multipass welding technique shall be used and
the weld layer thickness shall'b& limited to %, in. (6 mm)
maximum. When materialsisted in Table KF-630 (Table
KF-630M) is used, the\last pass shall be given a temper
bead'® technique treatment.

(4) The postweld heat treating rules in Article KF-4
shall apply to-all weld repairs.
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(25)

ARTICLE KF-9
SPECIAL FABRICATION REQUIREMENTS FOR WIRE-WOUND
VESSELS AND FRAMES

KF-900 SCOPE

The requirements of this Article apply specifically to
pressure vessels consisting of an inner cylindrical shell
(or a number of concentric shells) prestressed by a
surrounding winding. The end load is not carried by
the cylinder(s) or the winding. The winding consists of
a wire helically wound in pretension in a number of
turns and layers around the outside of the cylinder.
These requirements also apply to additional frames
used to carry the load from the closures.

The rules of this Article shall be used as a supplement to
orinlieu of applicable requirements given in Articles KF-1
through KF-7. When requirements of this Article differ
from those of Articles KF-1 through KF-7, they are speci-
fically delineated.

KF-910 FABRICATION REQUIREMENTS

The general and special requirements stdted in
Articles KF-1, KF-6, KF-7, and KF-8 shall be-vdlid when
applicable. The welding fabrication r&quirements
stated in Articles KF-2 through KF-8 shall be replaced
by the requirements in KF-911.

KF-911 WELDING FABRICATION REQUIREMENTS

Welds and repair welds are hot permitted in parts that
are prestressed by wire wihding and carry pressure loads.
However, an exception(s made for the welded joints that
are necessary to lengthén the wire in order to get an unin-
terrupted windihg./The requirements for these welded
wire joints are_stated in KF-912.

KF-912 ‘WELDED WIRE JOINTS

When it is necessary to get a winding consisting of an
uhinterrupted length of wire, butt-welded joints may be
used to join wire lengths. The minimum distance between
these joints shall not be less than 6,500 ft (2 000 m), and
the average distance not less than 12,000 ft (3 700 m).
Welded joints are not permitted in the outermost
winding layer. The welded joint shall be carefully
ground in order to get a smooth surface and thereby rees-
tablish the original cross-section shape.

The Manufacturer shall measurecthe’reduction in
strength of welded wire joints obtained by the Manufac-
turer's welding procedure. The wire force shall be reduced
to a corresponding lower levelfor a minimum of two turns
before and after the welded joint.

After welding and befdre/proceeding with fabrication,
each joint shall be subjected to a tensile stress level of not
less than two-thirds~ef the specified minimum tensile
strength of the monwelded wire. If the joint breaks, the
welding shall.be f'epeated until the strength requirement
specified above is fulfilled.

KF-913-WINDING PROCEDURE REQUIREMENTS

Each wire-wound vessel shall be wound in accordance
with a detailed wire winding procedure. This procedure
shall provide all details relevant to winding, including a
description of the winding machine and how tensile force
in the wire is applied, controlled, and measured. All
winding shall be carried outin accordance with this proce-
dure.

The application of the winding onto the cylinder or the
frame shall be carried out in a special winding machine
equipped with devices that make it possible to control and
measure the tensile force used for applying the wire. This
force shall also be recorded on a diagram that shall be filed
by the Manufacturer. The measuring devices shall be cali-
brated at least every 6 months, or at any time there is
reason to believe that the measuring devices are erro-
neous.

The winding procedure shall include a calculated wire
force (see KD-912) that shall be used for each winding
layer. Measurements shall be made of the compression
at intervals specified in the program and the results
compared with the calculations. The measurements
shall be made using methods that guarantee a result
with adequate accuracy. If differences are noted
between specified and measured compression at these
checkpoints and there is reason to presume that the speci-
fied final compression will not be reached if the original
program is followed, a change may be made in the
remaining program by increasing the specified wire
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force by not more than 10%. The final difference between The wire end shall be properly locked to prevent
originally specified and measured compression shall not unwrapping.
exceed 5%.
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ARTICLE KF-10
ADDITIONAL FABRICATION REQUIREMENTS FOR ALUMINUM
ALLOYS

(a) Vessels and components may be manufactured ments of the specifications listed in”Fable KM-400-4

from sheet, plate bar, rod, drawn seamless tube, and seam- (Table KM-400-4M) and shall meet the specified mechan-
less extruded tube conforming to Table KM-400-4 (Table ical properties for T6 or T651 temper, as applicable.
KM-400-4M) specifications. Finished vessels and compo- (b) Welding and thermal cutting are not permitted.

nents shall be heat treated in accordance with the require-
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ARTICLE KF-11
ADDITIONAL FABRICATION REQUIREMENTS FOR WELDING
AGE-HARDENING STAINLESS STEELS

KF-1100 SCOPE

The following supplementary rules are applicable to
age-hardening stainless steels, SA-705 and SA-564,
found in Table KM-400-2 (Table KM-400-2M), used for
welded vessels and vessel components.

KF-1110 WELDING REQUIREMENTS

KF-1111 QUALIFICATION OF WELD PROCEDURES
AND WELDERS

(a) The qualification of weld procedures and the
welders shall conform to the requirements of this
Article and Part KF.

(b) Weld coupons shall be impact tested as required by
Article KM-2 and shall meet the impact test values of
KM-234.

(c) Impact test specimens shall be taken from both the
deposited weld material and heat-affected zone.

KF-1112 FILLER METALS

(a) Components constructed of age-hardening stain-
less steels, SA-705 and SA-564, Grades XM-12, XM-25,
and 630 shall be welded using a fillefr’'metal of same
nominal composition as UNS S17400:

(b) Age-hardening stainless steels, SA-705 and SA-564,
Grades 631, XM-13, and XM-16"shall be welded using a
filler metal of the sameyiiominal composition as the
base metal.

KF-1120 BASE METAL HEAT TREATMENT
CONDITION

All materijal shall be heat treated prior to welding to the
solutipn annealed condition or to a yield strength of 105
ksi orless, in accordance with the heat treatment require-
nmients of the applicable materials specification.

KF-1130 TEMPORARY WELDS WHERE NOT
PROHIBITED
(a) Temporary welds for pads, lifting lugs, and other

nonpressure parts, as well as temporary lugs for align-
ment, shall be made by qualified welders and procedures

in accordance with the requirements of this Article and
KF-210.

(b) Temporary welds and repair weldsshall be consid-
ered the same as all other welds insdfar as requirements
for qualified operators and procedutres and for heat treat
are concerned.

(c) Temporary welds shall be removed and the metal
surface shall be restored’to a smooth contour. The area
shall be examined by.a“surface examination method in
accordance with KE-233. Defects shall be removed and
the materials_shall be examined to ensure that all
defects have been removed.

(d) 1f repairs are necessary, they shall be made using
qualifiedweld procedures and welders in accordance with
this Article.

KF-1140 POSTWELD HEAT TREATMENT

After completion of all welding, the vessel or component
shall be fully solution annealed and aged to the desired
heat treat condition in accordance with the requirements
of the applicable materials specification.

KF-1150 PRODUCTION WELD TESTING

(a) A production weld sample shall be made by using a
piece of material of sufficient size and geometry to allow
the conditions of production welding to be maintained on
the test sample, butshould notbeless than 6 in.by 6 in. The
material used for production test coupon shall be of the
same heat of material used to make the actual production
vessel or component.

(b) A minimum of one production weld test coupon
shall be made for each heat of material and each
welding process used to fabricate the production
vessel or component.

(c) The production weld test coupon shall be heat
treated at the same time and same conditions as the
vessel or component.

(d) The production weld test coupon shall be tested in
accordance with the requirements of KF-1111.
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(25) KF-1160 EXAMINATION AND TESTING

After final heat treatment of the components, all welds
shall be examined on the outside surface and inside
surface where accessible by a surface examination
method in accordance with KE-233, and shall also be
examined in accordance with Article KE-3.

KF-1170 REPAIR WELDING

If repair welding is required, it shall be performed in
accordance with this Article and documented in accor-
dance with KE-210.

KF-1180 POSTWELD HEAT TREATMENT
AFTER WELD REPAIRS

Components heat treated to the solution annealed and
aged heat treatment condition in accordance with the re-
quirements of this Article shall be given a full postweld
solution anneal and aging heat treatment after completion
of all weld repairs.
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ARTICLE KF-12
ADDITIONAL FABRICATION REQUIREMENTS FOR COMPOSITE
REINFORCED PRESSURE VESSELS (CRPV)

KF-1200 SCOPE

The following Article provides additional fabrication re-
quirements for the Composite Reinforced Pressure
Vessels (CRPV) fabricated in accordance with this Divi-
sion.

KF-1210 WELDING

The surfaces of the external welds and all other welds
and surfaces shall be designed, fabricated, and finished in
accordance with the requirements of this Division before
laminate application.

KF-1211 FINAL WELD FINISH FOR CRPV

Weld surfaces may be left unground inside the CRPV
provided a fatigue analysis, including experimental veri-
fication, is undertaken for the specific Welding Procedure
Specification and Procedure Qualification Record, see
KF-1210. The outer surface of the weld shall be finished
in accordance with KF-204. Experimental verification
shall be accomplished by the pressure cycle tests of
CRPV required to qualify and requalify the-Laminate
Procedure Specification, see Section X, Mandatory Appen-
dix 10, 10-402 and 10-600, Laminate Rrécedure Qualifi-
cation. For the unfinished weld surfaees on the internal
surface of the CRPV, the maximuin*permitted weld rein-
forcement shall be in accordance with Table KF-1211.

KF-1212 LAMINATE PROCEDURE SPECIFICATION
QUALIFICATION

(a) General Requirements. For vessels to be installed at
a fixed locatien,»a hydrostatic test to a pressure at least
1.25 times the design pressure shall be performed on each
CRPV Prototype Vessel. For vessels to be used in transport
servide, ahydrostatic test to a pressure at least 1.25 times

Table KF-1211
Permitted Weld Reinforcement

Weld Thickness, in. (mm)
Y, to ¥ (6.0 to 12.7), incl.
Over Y, (12.7)

Max. Reinforcement, in. (mm)
Y% (3.2)
2 (4.0)

the design pressure or 1.5 times the service ot working
pressure, whichever is greater, shall be petformed on each
CRPV Prototype Vessel. This test may.be combined with
any hydrostatic pressurization procedure used to provide
aprestressinthe individual layers, provided the minimum
test pressure is reached. This‘hydrostatic test shall be
done after the tests and eXaminations in Section X, Man-
datory Appendix 10, 10:503(a)(1), 10-608, and 10-609
but before tests and“examinations in (b)(1) and
Section X, Mandatory Appendix 10, 10-613 through 10-
616.
(b) Specific Requirements

(1) Volumetric Expansion Tests. Each CRPV Prototype
Vesselsshall be subjected to a volumetric expansion test
using astest fluid that complies with the requirements of
KT=320.

(-a) The volume of liquid used to fill the CRPV at
atmospheric pressure and temperature shall be compared
with thatrequired to fill it at the design pressure and at the
same temperature. Care shall be taken to eliminate air
pockets to ensure accuracy. The volume of liquid used
in each instance shall be determined by any appropriate
means, such as a weigh tank that has been calibrated to an
accuracy of £0.2%. The percent expansion shall be subse-
quently used in the production volumetric expansion test.

(-b) Alternatively, the volumetric expansion may
be determined by measuring the overall length of the
CRPV and its circumference at 5 ft (1.5 m) intervals
along its length, with a minimum of three such determina-
tions being made; all measurements shall be made with
instruments that have been calibrated to an accuracy of
+0.05%. These measurements shall be taken with the
CRPV filled with liquid at atmospheric pressure and at
design pressure, both at the same temperature. The
percent volumetric expansion calculated from these
measurements shall be subsequently used in the produc-
tion volumetric expansion test.

(-c) Acceptance criteria shall be in accordance
with KT-510(b).

(2) Laminate Acoustic Emission Examination. An
acoustic emission examination of the laminate shall be
conducted in accordance with Section X, Mandatory
Appendix 10, 10-503(a)(7). The acoustic emission exam-
ination report shall be included in the Qualification Test
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(3) Cyclic Pressure Qualification Test. At least one
CRPV Prototype Vessel shall be subjected to a cyclic pres-
sure test in accordance with KD-1260, followed by a
hydrostatic qualification pressure test, as follows:

(-a) The vessel to be tested shall have the same
diameter and wall thickness as the production vessels,
but the length between girth welds may be reduced to
no less than 10~/Rt, where R is the overall outside
radius of the composite vessel and ¢ is the overall wall
thickness.

(-b) The test fluid shall comply with the require-
ments of KT-320.

(-c) Portions of the cyclic pressure test may be
done at different temperatures and pressure ranges.
When this is done, the number of test cycles shall be calcu-
lated as follows:

Step 1. Determine the test temperature, test
pressure range, and number of test cycles for the first
portion of the test (test cycle 1). The test pressure
range shall not be less than the operating pressure
range as defined in the User’s Design Specification. The
test temperature shall not be warmer than the
minimum design metal temperature specified in the
User’s Design Specification. The number of test cycles
shall not be less than the number calculated using the re-
quirements of KD-1260 based on the number of operating
pressure cycles that will occur at a metal or composite
temperature colder than 30°F (0°C) specified in the
User’s Design Specification. If no cycles colder thanh
30°F (0°C) are specified in the User's Design Specification
because the vessel is operating in ambient conditiéns, the
number of test cycles shall be calculated usingthé require-
ments of KD-1260 based on 10% of the tetalvhumber of
cycles. Designate the number of test cycles n,;.

Step 2. Calculate the numbér of test cycles that
would be required if the entire test/was done at the test
temperature and test pressure range for the first portion
of the test using the requireménts of KD-1260. Designate
the required number of cycles N,;.

Step 3. Calculate the fraction of the total cyclic
test requirement, T, that will be achieved in the first
portion of the test'as Tp = ny /Ny

Step @. Determine the test temperature, test
pressure range, and number of test cycles for the
second pertion of the test (test cycle 2). The test pressure
range shall not be less than the operating pressure range

as defined in the User’s Design Specification. The test
temperature shall not be colder than the design metal
temperature specified in the User’s Design Specification.
The number of test cycles shall not be less than the number
calculated using the requirements of KD-1260 based on
the number of operating pressure cycles that will occur at
a metal or composite temperature warmer than 110°E
(45°C) specified in the User’s Design Specification.) If
no cycles warmer than 110°F (45°C) are specified in
the User's Design Specification because the vessél\s oper-
ating in ambient conditions, the number of testcycles shall
be calculated using the requirements of KD>1260 based on
10% ofthe total number of cycles. Designdte the number of
test cycles ny;.

Step 5. Calculate the fraction of the total cyclic
test requirement, T, that wilDbe achieved in the second
portion of the test as T, £/ Neo.

Step 6. Repeat.Steps 1 through 3 for each addi-
tional portion of the %est (test cycles 1 through n).

Step 7. Add the fractions of the total cyclic test
requirement for éach portion of the test (each test cycle),
T = T + Tt Tpp Adjust the number of cycles to be
achieved in\each portion of the test until T equals or
exceeds_1,0.

{(4) Hydrostatic Pressure Qualification Test. The
Qualification Test Pressure is a pressure designated by
thé Manufacturer that shall be at least two times the
design pressure for vessels to be installed at a fixed loca-
tion. For vessels to be used in transport service, the Quali-
fication Test Pressure shall be atleast two times the design
pressure or 2.5 times the service or working pressure,
whichever is greater. This pressure shall be reported
in the Qualification Test Report and recorded on
Form CRPV-2A. At least one CRPV Prototype Vessel
shall be subjected to hydrostatic pressure qualification
tests after the cyclic pressure qualification tests as follows:

(-a) Thetestfluid shall be applied ata uniform rate
to the Qualification Test Pressure, so that it is reached in
not less than 60 sec and then it shall be held at this pres-
sure for at least 60 sec. No leakage is permitted.

(-b) After the Qualification Test Pressure is held
for a minimum of 60 sec the pressure shall be increased
atarate thatis notgreater than specified in (-a) until burst.
The mode(s) of failure shall be characterized and the burst
pressure and mode(s) of failure shall be reported in the
Qualification Test Report and recorded on Form CRPV-2A.
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PART KOP
OVERPRESSURE PROTECTION

ARTICLE KOP-1
GENERAL REQUIREMENTS

(25) KOP-100 GENERAL REQUIREMENTS

NOTE: Beginning with the 2021 Edition of Division 3, pressure
relief device requirements were transferred from Part KR to
Section XIII and the remaining Division 3 overpressure protec-
tion requirements were restructured within Part KOP. A
complete cross-reference list of the changes between the
2019 and 2021 Editions is available in the Nonmandatory
Appendix M of the 2021 Edition.

(a) This Part provides the acceptable methods and re-
quirements for overpressure protection for pressure
vessels constructed to the requirements of this Division.
Acceptable methods include pressure relief devices and
overpressure protection by system design (see Section
XIII, Part 13). This Part establishes the type, quantity,
and settings of acceptable pressure relief devices and
relieving capacity requirements including maximam
allowed relieving pressures. Unless otherwise spegified,
the required pressure relief devices shall be cofistructed,
capacity certified, and bear the ASME Certification Mark in
accordance with ASME BPVC, Section XIII. In.addition, this
Part provides requirements for installation of pressure
relief devices.

(b) Allpressure vessels within the'scope of this Division
shall be provided with protection against overpressure
according to the requirements of this Part. Combination
units (such as heat exchangers with shells designed for
lower pressures than the tubes) shall be protected
against overpressute from internal failures.

(c) Inthe case where avesselis pressurized by aninten-
sifier system whose output pressure to the vessel is a fixed
multiple of'the supply pressure, the pressure relief device
may be lecated on the low pressure supply side of the
intensifier if all the following requirements are met:

(1) There shall be no intervening stop valves or
check valves between the driving chamber(s) and the
relief device(s).

(2) Heating of the discharge fluid shall be controlled
to prevent further pressure increase, which would exceed
vessel design conditions.

(3) The discharge fluid shall be stable and nonreac-
tive (water, hydraulic fluid, etc.).

(4) The material being processed in downstream
equipment is stable and nonteactive or is provided
with a suitable secondary vent. system, which will effec-
tively prevent transfer of(secondary energy sufficient to
overpressure the vessel!

The Designer is ¢auytioned to consider the effects of
leaking check valves:in such systems.

KOP-110, DEFINITIONS

Unless  otherwise defined in this Division, the defini-
tions Telating to pressure relief devices in Section XIII
shallapply.

KOP-120 RESPONSIBILITIES

(a) 1t is the responsibility of the User or the User's
designated agent to identify all potential overpressure
scenarios and the method of overpressure protection
used to mitigate each scenario.

(b) Itis the responsibility of the user to ensure that the
required overpressure protection system is properly
installed prior to initial operation.

(c) If a pressure relief device(s) is to be installed, it is
the responsibility of the User or the User's designated
agent to size and select the pressure relief device(s)
based on its intended service. Intended service considera-
tions shall include, but not necessarily be limited to, the
following:

(1) normal operating and upset conditions
(2) fluids
(3) fluid phases

(d) The overpressure protection system need not be
supplied by the vessel Manufacturer.

(e) The User or the User's designated agent shall be
responsible for establishing a procedure for sizing,
flow capacity calculations for the device, and associated
flow paths, as well as changes in fluid conditions and prop-
erties as appropriate. These calculations shall be based on
the most severe credible combinations of final composi-
tions and resulting temperature. Alternatively, sizing shall
be determined on an empirical basis by actual capacity

(25)
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(25)

tests with the process in question at expected relieving
conditions. The User shall be responsible for providing
or approving the assumptions used in all flow capacity
calculations. The User is cautioned that some fluids
(e.g., ethylene) in the supercritical state behave more
like liquids than gasses, so liquid or combination
liquid/vapor trim values should be considered.

KOP-130 DETERMINATION OF PRESSURE-
RELIEVING REQUIREMENTS

(a) 1t is the responsibility of the User or the User's
designated agent to identify all potential overpressure
scenarios and the method of overpressure protection
used to mitigate each scenario.

(b) The aggregate capacity of the pressure relief
devices connected to any vessel or system of vessels
for the release of a liquid, air, steam, or other vapor
shall be sufficient to remove the maximum quantity
that can be generated or supplied to the attached equip-
ment without permitting a rise in pressure within the
vessel of more than that specified in KOP-140.

(c) The rated pressure-relieving capacity of a pressure
reliefvalve for other than steam or air shall be determined
by the method of conversion given in Section XIII, Man-
datory Appendix IV.

KOP-140 OVERPRESSURE LIMITS

The aggregate capacity of the safety relief devices/or
vents shall be sufficient to prevent overpressutres in
excess of 10% above the design pressure of ¢he vessel
when the safety relief devices are discliarging. The
Designer shall consider the effects of the pressure
drop in the overpressure protectioh system piping
during venting when specifying the set pressures and
flow capacities of pressure relief valves and rupture
disk devices. When multiple pressure relief devices can
discharge through a commion stack or vent path, the
maximum back pressure~that can exist during simulta-
neous releases at the)exit of each pressure relief
device shall not impair its operation

KOP-150 PERMITTED PRESSURE RELIEF
DEVICES AND METHODS

KOP-151 GENERAL

Pressure relief valves, rupture disk devices, overpres-
Sure protection by system design, or a combination of
protection methods may be used to protect against over-
pressure.

KOP-152 RUPTURE DISK DEVICES

(a) Because of the high pressures associated with this
Division, it may be impractical to accomplish full-scale
flow capacity performance testing and certification of
pressure-relieving devices. For this reason, rupture
disk devices may be the more commonly used means
of overpressure protection for vessels within the scope
of this Division.

The use of rupture disk devices may be advisable when
very rapid rates of pressure rise could be encountered, or
where the relief device must have intimat€ ¢ontact with
the process stream. Intimate contact nfay~be required to
overcome inlet line fouling problemsor to ensure that the
temperature of the disk is the.same as the interior
temperature of the vessel.

(b) Rupture disk devicesbearing the Certification Mark
with the “UD3” Designatoriwaccordance with Section XIII
may be used.

(c) Rupture disk devices bearing the Certification Mark
with the “UD” Designator in accordance with Section XIII
may be used,“provided the applicable requirements of
Section XIII)\Part 4 are met, including the specific require-
ments for, Section VIII, Division 3.

(d)-Rupture disk devices bearing the Certification Mark
with'the “UD3” Designator in accordance with Section XIII
may incorporate a Manufacturer’s standard rupture disk
Holder manufactured by a Manufacturer other than the
rupture disk Manufacturer.

(e) The flow capacity of the rupture disk device shall be
demonstrated by calculation to meet the requirements of
KOP-140.

(1) The calculated capacity rating of the rupture disk
device shall not exceed a value based on the applicable
theoretical formula multiplied by a coefficient of
discharge, KD, where KD = 0.62

(2) The Designer is responsible to evaluate the
rupture disk and holder design to determine the applica-
ble areato be used in the theoretical formula. The Designer
is cautioned that normal capacity calculations may not be
applicable for supercritical fluids and should consider the
critical point and nonlinear thermodynamic properties of
the fluid used in service. Flow through the entire relieving
system shall be analyzed with due consideration for the
wide variation in physical properties, which will occur due
to the wide range of flowing pressures.

(3) Rupture disks may be certified as to burst pres-
sure provided the test stand has enough volume to provide
a complete burst. Flow coefficient (Cp, K, LEQ, percent
open area) may be established at a lower pressure
using any suitable fluid.

KOP-153 PRESSURE RELIEF VALVES

(a) Pressure relief valves bearing the Certification
Mark with the “UV3” Designator in accordance with
Section XIII may be used. Pressure relief valves

(25)
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bearing the Certification Mark with the “UV” Designator in
accordance with Section XIII may be used, provided the
applicable requirements of Section XIII, Part 3 are met,
including specific requirements for Section VIII, Division
3.Ifthevalveisthe primary relief device [see KOP-154(c)],
the requirements of Section XIII, Parts 9 and 10 for accred-
itation of testing laboratories and acceptance of Author-
ized Observers shall be met.

(b) All pressure relief valves shall meet the require-
ments of Section XIII, and shall be flow capacity perfor-
mance tested and certified in accordance with Section XIII,
Part 9, except in the case where their opening is not
required to satisfy the overpressure limits given in
KOP-140. See KOP-154(c) for further discussion about
the use of relief valves in parallel with rupture disks.

(c) Pressure relief valves shall be the direct spring-
loaded type.

KOP-154 COMBINATION DEVICES

A rupture disk device used in combination with a pres-
sure relief valve may be advisable on vessels containing
substances that may render a pressure relief valve inop-
erative by fouling, or where a loss of valuable material by
leakage should be avoided, or where contamination of the
atmosphere by leakage of noxious, flammable, or hazard-
ous fluids must be avoided.

(a) Multiple rupture disk devices in parallel shall notbe
used on the inlet side of a pressure relief valve.

(b) When a combination device is used, both the
rupture disk device and the pressure relief valve shall
meet the applicable requirements of Part KOP and
Section XIII. The rupture disk device shall be installed
to prevent fragments from the rupture disk ftony inter-
fering with the proper operation of the pressure relief
valve. For additional requirements, seé Section XIII,
Part 8.

(c) Arupture disk device may be used in parallel with a
pressure relief valve whose set pressure is lower than the
rupture disk when it is importantto limit the quantity of a
release or itisimpractical tocertify the flow capacity of the
pressure relief valve under the rules of this Division. The
calculated flow capacity of the rupture disk device acting
alone shall be adequate to meet the requirements of
KOP-140, and,the rupture disk device shall meet all
the applicabléwrequirements of this Part. With the excep-
tion of the flow capacity certification, the pressure relief
valve shallmeet all the requirements of this Part.

KOP-155 POWER-ACTUATED PRESSURE RELIEF
SYSTEMS

Power-actuated pressure relief systems may be used in
accordance with Article KOP-2.

KOP-156 OVERPRESSURE PROTECTION BY
SYSTEM DESIGN

Overpressure protection by system design in accor-
dance with Section XIII, Part 13 is permitted.

(a) Forvessels with overpressure protection by system
design where the pressure is self-limited at or below the
vessel design pressure (see Section XIII, 13.2), there shall
be no credible overpressure scenario in which the pres-
sure exceeds the design pressure of the pressurized equip-
ment at the coincident temperature.

(b) Forvessels with overpressure protection by system
design where the pressure is not self-limitéd-at or below
the vessel design pressure (see Section(Xll, 13.3), there
shall be no credible overpressure scenario in which the
pressure exceeds 110% of the design pressure times the
ratio of the allowable stress value atthe temperature of the
overpressure scenario to the allewable stress value at the
vessel design temperature,-The overpressure limit shall
not exceed the vessel test-pressure.

KOP-160 PRESSURE SETTINGS AND
PERFORMANCE REQUIREMENTS

(a) A single safety relief device shall open at a nominal
pressurenot exceeding the design pressure of the vessel at
the operating temperature, except as permitted in (b)
below.

Users are cautioned that certain types of rupture disks
have manufacturing ranges that can result in a marked
burst pressure greater than the specified burst pressure.

(b) If the required discharging capacity is supplied by
more than one device, only one need be set to operate ata
pressure not exceeding the design pressure of the vessel.
The additional device or devices may be set at a higher
pressure but not to exceed 105% of the design pressure of
the vessel. The requirements of KOP-140 shall also apply.

(c) For CRPV in transport service, a single safety relief
device may be set to open at a nominal pressure not
exceeding 110% of the design pressure of the vessel at
the operating temperature in lieu of the requirements
in (a) above. The requirements of KOP-140 shall also
apply.

(d) The pressure atwhich any device is setshall include
the effects of superimposed back pressure through the
pressure relief device and the vent system (see KOP-140).

(e) The set pressure tolerance of pressure relief valves
shall not exceed *3%.

(f) Rupture disk devices shall burst within a tolerance
of £5% of the marked burst pressure.

(25)
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KOP-170 INSTALLATION
KOP-171 SIZE OF OPENINGS AND NOZZLES

The flow characteristics of the entire pressure-relieving
system shall be part of the relieving capacity calculations.
The size of nozzles and openings shall not adversely affect
the proper operation of the pressure-relieving device.

KOP-172 INTERVENING STOP VALVES

There shall be no intervening stop valves between the
vessel and any overpressure protection device associated
with the vessel, except as permitted in KOP-173.

A full-area stop valve may be placed on the discharge
side of a pressure-relieving device when its discharge is
connected to a common header with other discharge lines
from other pressure relief devices on vessels that are in
operation, so that this stop valve when closed will prevent
a discharge from any connected operating vessels from

backing up beyond the valve so closed. Such a stop
valve shall be so arranged that it can be locked or
sealed in either the open or closed position by an author-
ized person. Under no condition shall this valve be closed
while the vessel is in operation.

KOP-173 DUAL OVERPRESSURE PROTECTION

Where it is desirable to perform maintenance on pres-
sure relief devices without shutting down the proeess, a
full-area three-way transfer valve may be installed on the
inlet of the pressure relief device(s). The design of the
transfer valve and pressure relief devicésymust be such
that the requirements of KOP-140 are met at any position
of the transfer valve. Alternatively) the User may elect to
install stop valves in each branch, but so controlled that
one branch is open at all times)and the requirements of
KOP-140 are always met while the process is in operation.
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ARTICLE KOP-2
REQUIREMENTS FOR POWER-ACTUATED PRESSURE RELIEF
SYSTEMS

KOP-200 GENERAL REQUIREMENTS

In accordance with the rules provided in this Article, a
pressure vessel may be provided with overpressure
protection by a power-actuated pressure relief system
in lieu of a pressure relief valve, rupture disk, or other
pressure relief devices if all provisions of Section XIII,
Part 13 and KOP-140 are satisfied.

KOP-201 USER RESPONSIBILITIES

The User’s Design Specification shall

(a) require overpressure protection by a power-actu-
ated pressure relief system

(b) certify that the User will demonstrate the func-
tioning of the system prior to initial operation and at
least four times per year

KOP-202 MANUFACTURER’S RESPONSIBILITIES

(a) The Manufacturer’s Design Report shall contain
instructions for demonstration of the functionihg of
the system.

(b) The Manufacturer shall ensure that the Authorized
Inspector witnesses the initial setting and«verification of
the functionality of each power-actuated)pressure relief
device.

(c) Overpressure protection provided by this Article
shall be shown in the Manufacttirer’s Data Report.

(d) A detailed schematic of the control system shall be
supplied with the vessel decumentation.

KOP-210 SYSTEM REQUIREMENTS

(a) The output from three independent devices shall be
processed By ah automated system. These devices shall be
a combination of pressure transducers and elongation
(strain) ymeasuring devices as described in (1) and (2)
below.

(1) Two pressure transducers and one elongation
measuring device.

(2) Two elongation measuring devices and one pres-
sure transducer.

(b) Any elongation measuring device shall be provided
to continuously indicate the elongation (strain) of the
vessel in a location where the elastic elongation

(strain) of the vessel is linearly proportional-te the pres-
sure.

(1) Any elongation (strain) measuring device shall
be designed and installed such that temperature does
not affect the results.

(2) Means shall be provided to automatically reset
the zero of the elongatiafi-measuring device(s) at the
beginning of each pressurization cycle to maintain calibra-
tion.

(c) The pressure vessel shall be automatically depres-
surized under.any of the following conditions:

(1) Anyoutputs (pressure transducer or elongation
device) indicate that the pressure exceeds the limits in
KOP-160(a) and KOP-160(b).

(2) Any of the three input signals are lost or fail for
duration of 2 sec or more.

(3) Any pressure or elongation output deviates from
any other output by more than 5%.

(d) There shall be at least two normally opened (NO)
valves that are kept closed by the use of hydraulic or pneu-
matic pressure, so that both valves open (thereby
lowering the vessel pressure) when the electrical
signal to the valve is lost.

(e) The power-actuated pressure relief valves shall be
designed to fail open, relieving the pressure in the pres-
sure vessel in case of an electric, hydraulic, or pneumatic
failure.

(f) The set pressure tolerance for the power-actuated
pressure relief valves shall not exceed +5% of the set pres-
sure.

(g) The material for the portion of the valve that is
exposed to the high-pressure fluid shall meet the material
requirements in Part KOP.

(h) The stems of valves used in conjunction with
power-actuated pressure relief systems that meet the re-
quirements of Article KOP-2 may use materials meeting
the requirements of Section XIII, 3.3.1(b), provided the
following requirements are met:

(1) Failure of the valve stem shall result in depres-
surization of the system

(2) Any fluid thatis released as a result of valve stem
failure shall be directed away from personnel.

(3) Fluid released shall be nonhazardous
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KOP-220 FLOW CAPACITY TESTING

(a) As an alternative to the flow capacity testing re-
quirements of Section XIII, Part 9, the capacity of the
power-actuated pressure relief valve may be demon-
strated by tests on a prototype system. If any of the essen-
tial system design variables change, a new demonstration
shall be required. The essential variables are

(1) an increase in vessel volume

(2) an increase in heating capacity

(3) an increase in pressure generator capacity

(4) achange inthe relief flow path configuration that
could reduce the flow capacity

(5) a change in the valve size or model number

(6) a change in any other variables that could
increase the required relief capacity or reduce the furn-
ished relief capacity of the system

The system shall be tested using most severe identifi-
able conditions in such a way that it can be demonstrated
that the pressure will be limited to the overpressure
required by KOP-140. The demonstration shall .bé
witnessed by the Authorized Inspector.

(b) The results of the flow capacity demonstratign and
the setting and verification tests shall be docurhiented in
the Manufacturer’s Design Report.

(c) Because the actual flow capacity test-is performed
on the entire system, the 10% derating-factor required in
Section XIII, 9.7.4 shall not apply.
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ARTICLE KOP-3
OVERPRESSURE PROTECTION FOR IMPULSIVELY LOADED
VESSELS

(25) KOP-300 GENERAL

Since impulsive pressure loading durations are short in
comparison to the reaction time of overpressure protec-
tion systems, overpressure protection requirements for
impulsively loaded vessels are provided in the following
paragraphs. The User or the User's designated agent shall
specify overpressure protection by administrative
controls and system design, and shall reference this
Article in writing in the purchase documents. The Manu-
facturer is responsible only for verifying that the User or
the User's designated agent has specified overpressure
protection by administrative controls and system
design, and for listing this Article on the Manufacturer's
Data Report.

(a) The User or the User's designated agent shall
conduct a detailed analysis that examines all credible
scenarios that could result in an overpressure condition.
The “Causes of Overpressure” described in Section 4 of API
Standard 521, “Pressure-Relieving and Depressurizing
Systems” shall be considered. An organized, systematic
approach by a multidisciplinary team employiiig one
or more of the following methodologies shallkbe used:

(1) Hazards and Operability Analysis\(HazOp)

(2) Failure Modes, Effects, and.Criticality Analysis
(FMECA)

(3) Fault Tree Analysis

(4) Event Tree Analysis

(5) “What-If” Analysis

In all cases, the User!s ot the User's designated agent
shall determine the potential for overpressure due to all
credible operatingland upset conditions, including equip-
ment and instgumentation malfunctions.

(b) The analysis described in (a) shall be conducted by
an engineer.experienced in the applicable analysis meth-
odology. Any overpressure concerns that are identified

shall be evaluated by an engineer experiencéd in pressure
vessel design and analysis. The results of/the analysis shall
be documented and signed by the individual in charge of
operation of the vessel. The documentation shall include

(1) detailed Process and Instrument Flow Diagrams
(P&IDs), showing all pertinént.€lements of the system
associated with the vessel

(2) a description ofiall credible operating and upset
scenarios, including-scenarios involving fire, and those
that result from equipment and instrumentation malfunc-
tions

(3) anganalysis showing the maximum short-term
impulsive \loading and long-term pressure that can
resultfrom each of the scenarios examined in (2) above

(%4) a detailed description of any administrative
contfols, or instrumentation and control system, or
combination thereof, that is used to limit the impulsive
loading and long-term pressure to the system, including
the identification of all truly independent redundancies
and a reliability evaluation (qualitative or quantitative)
of the overall safety system

(c) The documentation shall be made available to the
regulatory and enforcement authorities having jurisdic-
tion at the site where the vessel will be installed. The
User of this Article is cautioned that prior jurisdictional
acceptance may be required.

(d) This Article shall be shown on the Manufacturer's
Data Report for pressure vessels that will be provided with
overpressure protection by administrative controls and
system design, and it shall be noted on the Data
Report that prior jurisdictional acceptance may be
required.
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PART KE
EXAMINATION REQUIREMENTS

ARTICLE KE-1
REQUIREMENTS FOR EXAMINATION PROCEDURES _AND
PERSONNEL QUALIFICATION

KE-100 GENERAL

Nondestructive examinations shall be conducted in
accordance with the examination methods of Section V,
except as modified by the requirements of this Article.

KE-101 RADIOGRAPHIC EXAMINATION

Radiographic examination shall be in accordance with
Section V, Article 2, except that fluorescent screens are not
permitted, the geometric unsharpness shall not exceed the
limits of Section V, Article 2, T-285, and the image quality,
indicators of Table KE-101 (Table KE-101M) shall be uséd
in lieu of those shown in Section V, Article 2, Table T-276.

KE-102 ULTRASONIC EXAMINATION

Ultrasonic examination shall be in acgordance with
Section V, Article 5.

KE-103 MAGNETIC PARTICLE EXAMINATION

Magnetic particle examination“shall be in accordance
with Section V, Article 7. If prods are used, the procedure
shall include precautions that shall be taken to prevent arc
strikes. This procedure€)shall also contain steps to be
followed to remove_arc strikes, which may occur so
that all affected imaterial has been removed. See KE-210.

KE-104 LIQUID PENETRANT EXAMINATION

Liquidpenetrant examination shall be in accordance
with(Section V, Article 6.

KE-105 EDDY CURRENT EXAMINATION

Eddy current examination shall be in accordance with
Section V, Article 8 and Mandatory Appendix IV, Manda-
tory Appendix VI, Mandatory Appendix VII, Mandatory
Appendix IX, or Mandatory Appendix X.

KE-106 NONDESTRUCTIVE EXAMINATION
PROCEDURES

(a) Except for.nondestructive examination of material
that is required by the referenced material specifications,
all nondestructive examinations required by this Division
shall be-conducted in accordance with detailed written
procedures that have been demonstrated to the satisfac-
tiofi.of the Inspector. The procedures shall comply with the
appropriate article of Section V for the particular exam-
ination method. Written procedures and records of
demonstration of procedure capability and records of per-
sonnel qualification to these procedures shall be made
available to the Inspector and included in the Manufac-
turer’s Construction Records (see KS-320).

(b) Following any nondestructive examination in
which examination materials are applied to the part,
the part shall be thoroughly cleaned in accordance
with applicable material or procedure specifications.

KE-110 QUALIFICATION AND CERTIFICATION
OF NONDESTRUCTIVE EXAMINATION
PERSONNEL

KE-111 GENERAL

(a) Organizations performing and evaluating nondes-
tructive examinations required by this Division shall use
personnel qualified to the requirements of KE-112
through KE-115.

(b) When these services are subcontracted by the cer-
tificate holder (see KG-322), the certificate holder shall
verify the qualification of personnel to the requirements
of KE-112 through KE-115. All nondestructive examina-
tions required by this subsection shall be performed by,
and the results evaluated by, qualified nondestructive
examination personnel.

(c) For nondestructive examination methods that
consist of more than one operation or type, it is permis-
sible to use personnel qualified to perform one or more

(25)
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Table KE-101
Thickness, Image Quality Indicator Designations, Essential Holes, and Wire Diameters (U.S. Customary Units)

Image Quality Indicator

Source Side

Film Side

Single Wall Material

Wire Diameter,

Wire Diameter,

Thickness Range, in. Designation Essential Hole in. Designation Essential Hole in.

Up to %, incl. 8 2T 0.005 8 2T 0.005
Over %, to % 12 2T 0.008 10 2T 0.006
Over ¥% to % 15 2T 0.010 12 2T 0.008
Over % to % 15 2T 0.010 12 2T 0.008
Over % to ¥, 17 2T 0.013 15 2T 0,010
Over ¥, to 7% 17 2T 0.013 15 2T 0.010
Over 7 to 1 20 2T 0.016 17 2T 0.013
Over 1 to 1% 20 2T 0.016 17 2T 0.013
Over 1%, to 1% 25 2T 0.020 20 27 0.016
Over 1% to 1% 30 2T 0.025 25 2T 0.020
Over 1% to 2 35 2T 0.032 30 2T 0.025
Over 2 to 2% 40 2T 0.040 35 2T 0.032
Over 2% to 3 40 2T 0.040 35 2T 0.032
Over 3 to 4 50 2T 0.050 40 2T 0.040
Over 4 to 6 60 2T 0.063 45 2T 0.040
Over 6 to 8 80 2T 0.100 50 2T 0.050
Over 8 to 10 100 2T 0.126 60 2T 0.063
Over 10 to 12 120 2T 0,160 80 2T 0.100
Over 12 to 16 160 2T 0.250 100 2T 0.126
Over 16 to 20 200 2T 0.320 120 2T 0.160

operations. As an example, one person may beused who is
qualified to conduct radiographic examination and
another may be used who is qualified\to interpret and
evaluate the radiographic film.

KE-112 QUALIFICATION PROCEDURE

KE-112.1 Qualification.Rersonnel performing nondes-
tructive examination dn-accordance with KE-112 and
KE-113 shall be qualified and certified in accordance
with the requirements of Section V, Article 1, T-120(e),
T-120(f), T-120(g), T-120(i), T-120(j), or T-120(k), as ap-
plicable.

(a) Qualification of Level IIIl nondestructive examina-
tion_personnel shall be by examination.

(b)) The written practice and the procedures used for
examination of personnel shall be referenced in the
Employer’s Quality Control System.

(c) Forvisual examination, the Jaeger Number 1 letters
shall be used as specified in Section V, Article 9, T-923. The
use of equivalent type and size letters is permitted.

(d) A Level I individual shall be qualified to perform
specified setups, calibrations, and tests, and to record
and evaluate data by comparison with specific acceptance
criteria defined in written instructions. The Level I indi-
vidual shall implement these written NDE instructions
under the guidance of a Level Il or Level III individual.
A Level I individual may independently accept the
results of nondestructive examinations when the specific
acceptance criteria are defined in the written instructions.

KE-112.2 Qualification to Perform Other NDE
Methods. For nondestructive examination methods not
covered by the referenced qualification documents, per-
sonnel shall be qualified to comparable levels of compe-
tency by subjection to comparable examinations on the
particular method involved. The emphasis shall be on
the individual’s ability to perform the nondestructive
examination in accordance with the applicable procedure
for the intended application.
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Table KE-101M
Thickness, Image Quality Indicator Designations, Essential Holes, and Wire Diameters (SI Units)

Image Quality Indicator

Single Wall Material Source Side

Film Side

Thickness Range,

Wire Diameter,

Wire Diameter,

mm Designation  Essential Hole mm Designation Essential Hole mm
Up to 6, incl. 8 2T 0.13 8 2T 0.13
Over 6 to 10 12 2T 0.20 10 2T 0.15
Over 10 to 13 15 2T 0.25 12 2T 0.20
Over 13 to 16 15 2T 0.25 12 2T 0.20
Over 16 to 19 17 2T 0.33 15 2T 0.25
Over 19 to 22 17 2T 0.33 15 2T 0.25
Over 22 to 25 20 2T 0.41 17 2T 0.33
Over 25 to 32 20 2T 0.41 17 2T 0.33
Over 32 to 35 25 2T 0.51 20 2T 0.41
Over 35 to 38 30 2T 0.64 25 2T 0.51
Over 38 to 50 35 2T 0.8 30 2T 0.64
Over 50 to 64 40 2T 1.0 35 2T 0.8
Over 64 to 76 40 2T 1.0 35 2T 0.8
Over 76 to 100 50 2T 1.3 40 2T 1.0
Over 100 to 150 60 2T 1.60 45 2T 1.0
Over 150 to 200 80 2T 25 50 2T 1.3
Over 200 to 250 100 2T 312 60 2T 1.60
Over 250 to 300 120 2T 4.0 80 2T 2.5
Over 300 to 400 160 2T 6.4 100 2T 3.20
Over 400 to 500 200 2T 8.1 120 2T 4.1

KE-113 CERTIFICATION OF PERSONNEL

(a) The Employer retains responsibility for the
adequacy of the program and is responsible for certifica-
tion of Levels, I, II, and Il nondestructive examination per-
sonnel.

(b) When ASNT is the-outside agency administering the
Level III basic and.method examinations, the Employer
may use a letter. from ASNT as evidence on which to
base the certification.

(c) When an outside agency is the examining agent for
Level IlISgualification of the Employer’s personnel, the
examination results shall be included with the Employer’s
records in accordance with KE-115.

KE-114 VERIFICATION OF NONDESTRUCTIVE
EXAMINATION PERSONNEL
CERTIFICATION

The certificate holder has the responsibility to verify the
qualification and certification of nondestructive examina-
tion personnel employed by Material Manufacturers and
Material Suppliers and subcontractors who provide
nondestructive examination services.

KE-115 RECORDS

Personnel qualification records identified in the refer-
enced qualification documents shall be retained by the
Employer. See additional requirements in KE-106.

(25)
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ARTICLE KE-2
REQUIREMENTS FOR EXAMINATION AND REPAIR OF MATERIAL

KE-200 GENERAL REQUIREMENTS

(a) Pressure-retaining material shall be examined by
nondestructive methods applicable to the material and
product form as required by the rules of this Article.

(b) The requirements of this Article for repair by
welding, including examination of the repair welds,
shall be met wherever repair welds are made to pres-
sure-retaining material.

(c) The requirements of this Article shall apply to both
Material Manufacturer and Manufacturer.

KE-201 EXAMINATION AFTER QUENCHING AND
TEMPERING

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

KE-210 GENERAL REQUIREMENTS FOR
REPAIR OF DEFECTS

KE-211 ELIMINATION OF DEFECTS BY:BLEND
GRINDING

(a) Imperfections exceeding the acceptance criteria of
KE-233.2 shall be considered defects: Such defects shall be
removed or reduced to an acceptable sized imperfection.
Defects may be removed by grinding or machining,
provided the requirements-of (1) through (4) are met.

(1) The remaining,thickness of the section is not
reduced below tliat\required by Part KD, except as
noted in (b).

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

(3) After defect elimination, the area is reexamined
by a.surface examination method in accordance with
KE:233 to ensure that the imperfection has been
removed or reduced to an acceptable size.

(4) Areas ground to remove oxide scale or other
mechanically caused impressions for appearance or to
facilitate proper ultrasonic testing need not be examined
by a surface examination method in accordance with
KE-233.

(b) Reductionin thickness due to blend grinding,below
the minimum required by Part KD, is permitted,within the
limits stated below.

(1) Repair cavity diameter:

COD = 0.2,/Rf
(2) Cavity depth below reduired thickness:
Cdepth =-0.02 /Rt

KE-212 REPAIR BY- WELDING

(a) Except for miaterials in which welding is prohibited
or restricted-in Part KM, the Material Manufacturer may
repair the material by welding after the defects have been
removed! For restricted materials, see Article KF-7.

(b)The permitted depth of repair is given separately in
this’Article by product form.

(c) Prior approval of the certificate holder shall be
obtained for the repair.

KE-212.1 Defect Removal. The defect shall be removed
by suitable mechanical, thermal cutting, or gouging
methods and the cavity shall be prepared for repair.
After thermal cutting, all slag and detrimental discolora-
tion of material which has been molten shall be removed
by mechanical means suitable for the material prior to
weld repair. When thermal cutting is used, the effect
on mechanical properties shall be taken into considera-
tion. The surface to be welded shall be uniform and
smooth. The cavity shall be examined by a surface exam-
ination method in accordance with KE-233.

KE-212.2 Qualification of Welding Procedures and
Welders. The welding procedure and welders or
welding operators shall be qualified in accordance with
the requirements of Article KF-2 and Section IX, and
meet the toughness requirements of Article KT-2.

KE-212.3 Blending of Repaired Areas. After repair, the
surface shall be blended uniformly into the surrounding
surface.

KE-212.4 Examination of Repair Welds. Each repair
weld shall be examined a surface examination method
in accordance with KE-233. In addition, when the
depth of the repair cavity exceeds the lesser of % in.
(10 mm) or 10% of the section thickness, the repair
weld shall be ultrasonically examined after repair in
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accordance with KE-102 and to the acceptance standards
of KE-333.

KE-212.5 Heat Treatment After Repairs. The product
shall be heat treated after repair in accordance with the
heat treatment requirements of Article KF-4.

KE-213 REPAIRS OF CLADDING

The Material Manufacturer may repair defects in clad-
ding by welding provided the requirements of (a) through
(c) are met.

(a) The welding procedure and the welders or welding
operators shall be qualified in accordance with
Article KF-2 and Section IX.

(b) The defect shall be removed, and the cavity
prepared for repair shall be examined by a surface exam-
ination method in accordance with KE-233.

(c) The repaired area shall be examined by a surface
examination method in accordance with KE-233.

KE-214 MATERIAL REPORT DESCRIBING DEFECTS
AND REPAIRS

Each defect repair shall be described in the Material
Test Report for each piece, including a chart which
shows the location and size of the repair, the welding
material identification, welding procedure, heat treat-
ment, and examination results. The location of repairs
shall be traceable to the completed vessel.

KE-220 EXAMINATION AND REPAIR OF PEATE
KE-221 TIME OF EXAMINATION

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

(a) Ultrasonic examination shallbbe performed after
rolling to size and after heat treatment, except postweld
heat treatment.

(b) When radiographic examination of repair welds to
plateisrequired, it shall be'performed after postweld heat
treatment.

(c) Surface examination of repair welds to plate shall be
performed after final heat treatment (see KE-212.4).

KE-222 EXAMINATION PROCEDURES FOR
SUBSURFACE IMPERFECTIONS

All'plates shall be examined by the straight beam ultra-
sonic method in accordance with Section V, Article 23, SA-
578, Standard Specification for Straight-Beam Ultrasonic
Examination of Plain and Clad Steel Plates for Special
Applications, except that the extent of examination and
the acceptance standards to be applied are given in (a)
and (b).

(a) ExtentofExamination.One hundred percent of each
major plate surface shall be covered by moving the search
unitin parallel paths with notless than a 10% overlap. The

location of all recordable indications as defined in Section
V shall be documented.
(b) Acceptance Criteria

(1) Any area where one or more imperfections
produce a continuous total loss of back reflection accom-
panied by continuous indications on the same plane that
cannot be encompassed within a circle whose diameter i$
1 in. (25 mm) shall be unacceptable.

(2) In addition, two or more imperfections smaller
than described in (1) shall be unacceptable if(they are
separated by a distance less than the diameter of the
larger imperfection or they may be collectively encom-
passed by the circle described in (1).

KE-223 REPAIR BY WELDING

The depth of the repair cavity shall not exceed one-third
the nominal thickness of tHe’plate and the repair shall be in
accordance with KE-210;

KE-230 EXAMINATION AND REPAIR OF
FORGINGS AND BARS

(a) FBergings and bars shall be examined by the ultra-
sonic method in accordance with KE-232, except config-
urdtions which do not yield meaningful examination
resilts by ultrasonic methods shall be examined by radio-
graphic methods in accordance with Section V, Article 2
using the acceptance standards of KE-332. In addition, all
external surfaces and accessible internal surfaces shall be
examined by a surface examination method in accordance
with KE-233.

(b) Forged flanges and fittings, such as elbows, tees,
and couplings, shall be examined in accordance with
the requirements of KE-240.

(c) Bar material used for bolting shall be examined in
accordance with KE-260.

(d) Forgings and forged or rolled bars which are to be
bored to form tubular products or fittings shall be exam-
ined in accordance with the requirements of KE-240 after
boring.

KE-231 TIME OF EXAMINATION

Acceptance examination, including those for repair
welds, shall be performed at the time of manufacture
as required in (a) through (d).

(a) Ultrasonic examination may be performed at any
time after forging [see KE-230(d)] and the maximum prac-
tical volume shall be examined after final heat treatment,
excluding postweld heat treatment.

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

(c) A surface examination method in accordance with
KE-233 shall be performed in the finished condition. A
welded joint surface may not require examination
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when the weld surface is inaccessible [see KE-241(b),
KE-251(a), and KE-502(a)].

(d) Forgings and rolled bars which are to be bored or
turned to form tubular parts or fittings shall be examined
after boring or turning, except for threading.

KE-232 ULTRASONIC EXAMINATION

KE-232.1 Examination Procedure. All forgings in the
rough forged or finished condition, and bars, shall be
examined in accordance with one of the following speci-
fications: Section V, Article 23, SA-745, Standard Practice
for Ultrasonic Examination of Austenitic Steel Forgings or
Section V, Article 23, SA-388, Standard Practice for Ultra-
sonic Examination of Heavy Steel Forgings. Either contact,
immersion, or water column coupling is permissible. The
techniques of (a) through (d) are required, as applicable.

(a) Allforgings and bars shall be examined by the ultra-
sonic method using the straight beam technique.

(b) Ring forgings and other hollow forgings shall, in
addition, be examined using the angle beam technique
in two circumferential directions, unless wall thickness
or geometric configuration makes angle beam examina-
tion impractical.

(c) Inaddition to (a) and (b), ring forgings made to fine
grain melting practices and used for vessel shell sections
shall also be examined by the angle beam technique in two
axial directions.

(d) Forgings may be examined by the use of alternative
ultrasonic methods which utilize distance amplitude
corrections, provided the acceptance standards are
shown to be equivalent to those listed in KE-232.2.

KE-232.2 Acceptance Standards.

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

(b) Angle Beam Rulé. A forging shall be unacceptable if
the results of anglelbeam examinations show one or more
reflectors which produce indications exceeding in ampli-
tude the indication from the appropriate calibration
notches (seeKE-232.1).

KE-233' SURFACE EXAMINATION

Surface examination of ferromagnetic materials shall be
performed using a wet magnetic particle method or an
eddy current method. A liquid penetrant method may
be used for those portions of surfaces of ferromagnetic
materials where it cannot be demonstrated that a wet
magnetic particle method is capable of finding relevant
surface defects.

Surface examination of nonferromagnetic material shall
be performed using a liquid penetrant method or an eddy
current method.

It shall be demonstrated that the inspections to be
performed are capable of finding relevant surface indica-
tions as defined in KE-233.2(a).

KE-233.1 Evaluation of Indications.

(a) For magnetic particle examinations, alternating
current methods are prohibited. When utilizing maghetic
particle examination, mechanical discontinuities-at or
near the surface will be indicated by the retehtion of
the examination medium. However, all indications are
not necessarily imperfections, since certain metallurgical
discontinuities and magnetic permeability variations may
produce similar indications which’ar'e not relevant to the
detection of unacceptable diseOntihuities.

(b) When utilizing liquid\penetrant examination,
mechanical discontinuities-at the surface will be indicated
by bleeding out of the ‘pénetrant; however, localized
surface imperfections;such as may occur from machining
marks, surface conditions, or an incomplete bond between
base metal and-cladding, may produce similar indications
which are notjrelevant to the detection of imperfections.
Any indi€ation in excess of the KE-233.2 acceptance stan-
dards)which is believed to be nonrelevant shall be
regarded as a defect and shall be reexamined by the
sanie or other nondestructive examination methods to
verify whether or not actual defects are present.
Surface conditioning may precede the reexamination.
Nonrelevant indications that would mask indications of
defects are unacceptable.

(c) When eddy currentexamination is used, the method
shall be in accordance with KE-105.

(d) Linear indications are indications in which the
length is more than three times the width. Rounded indi-
cations are indications which are circular or elliptical with
the length less than three times the width.

KE-233.2 Acceptance Standards.

(a) Only indications with major dimensions greater
than % in. (1.6 mm) shall be considered relevant.

(b) The relevant indications of (1) through (4) are un-
acceptable. More stringent acceptance criteria may be
specified in the User’s Design Specification. See KG-311.

(1) any linear indications greater than % in.
(1.6 mm) long for material less than % in. (16 mm)
thick, greater than % in. (3.2 mm) long for material
from % in. (16 mm) thick to under 2 in. (50 mm)
thick, and %, in. (4.8 mm) long for material 2 in.
(50 mm) thick and greater

(2) rounded indications with dimensions greater
than % in. (3.2 mm) for thicknesses less than % in.
(16 mm) and greater than %4 in. (4.8 mm) for thicknesses
% in. (16 mm) and greater
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(3) four or more rounded indications in a line sepa-
rated by %4 in. (1.6 mm) or less, edge-to-edge

(4) ten or more rounded indications in any 6 in.?
(3900 mm?) of area whose major dimension is no
more than 6 in. (150 mm), with the dimensions taken
in the most unfavorable location relative to the indications
being evaluated

KE-234 REPAIR BY WELDING

When repair by welding is not prohibited by Part KM or
the product specification, the depth of repair is not limited
except as by the product specification and shall be in
accordance with KE-210.

KE-240 EXAMINATION AND REPAIR OF
SEAMLESS AND WELDED (WITHOUT
FILLER METAL) TUBULAR PRODUCTS
AND FITTINGS

KE-241 REQUIRED EXAMINATION

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

(1) Pipeand tubing smaller than 2% in. (64 mm) O D.
shall be examined by the ultrasonic method in accordaiee
with KE-242.1(a) in two opposite circumferential-direc-
tions'! and by the eddy current method in a¢cordance
with KE-244, provided the product is limited 'to sizes,
materials, and thicknesses for which{meaningful
results can be obtained by eddy current examination.
Each method shall be calibrated to the-appropriate stan-
dard; that is, the ultrasonic methed.shall be calibrated to
the axial notches or grooves of KE<242.2(b), and the eddy
current method shall be calibrated to the circumferential
notches and grooves as well as the radial hole of KE-244.2.
As an alternative to the eddy current examination or when
the eddy current examination does not yield meaningful
results, an axial.scan ultrasonic examination in two oppo-
site axial directions in accordance with KE-242.1(b) shall
be made.

(2)~Pipe and tubing 2% in. (64 mm) 0.D. through
6%, ifi. {70 mm) 0.D. shall be examined by the ultrasonic
method in accordance with KE-242.1(a) in two opposite
circumferential directions and in accordance with
KE-242.1(b) in two opposite axial directions.

(3) Pipe and tubinglarger than 6%, in. (170 mm) O.D.
shall be examined by the ultrasonic method in two oppo-
site circumferential directions in accordance with
KE-242.1(c) or the radiographic method in accordance
with KE-243. Alternatively, for welded without filler
metal pipe larger than 6%, in. (170 mm) 0.D., the plate
shall be examined by the ultrasonic method in accordance

with KE-220 prior to forming and the weld shall be exam-
ined by the radiographic method in accordance with
KE-243. Radiographic examination of welds, including
repair welds, shall be performed after final rolling and
forming and may be performed prior to any required post-
weld heat treatment.

(b) Wrought seamless and welded without filler metal
fittings (including pipe flanges and fittings machined4rom
forgings and bars) shall be examined in accordanegeywith
the material specification and in addition by @“surface
examination method in accordance with KE<233 on all
external surfaces and all accessible internal surfaces.

(c) Tubular products used for vessel)nozzles shall be
examined over the entire volume ofmaterial by either the
ultrasonic method in two oppogite-circumferential direc-
tions in accordance with KE»242 or the radiographic
method in accordance with’KE-243, and shall be examined
on all external and all accessible internal surfaces by a
surface examination méthod in accordance with KE-233.

KE-242 ULTRASONIC EXAMINATION

KE-242.1\Examination Procedure for Pipe and
Tubing, Independent channels or instruments shall be
employed for axial and circumferential scans.

(@) Circumferential Direction — 6%, in. (170 mm) 0.D.
and Smaller. The procedure for ultrasonic examination of
pipe and tubing in the circumferential direction shall be in
accordance with Section V, Article 23, SE-213, Standard
Practice for Ultrasonic Inspection of Metal Pipe and
Tubing, except as required in KE-241(a)(1) and
KE-241(a)(2), and the requirements of this paragraph.
The procedure shall provide a sensitivity which will
consistently detect defects that produce indications
equal to, or greater than, the indications produced by stan-
dard defectsincluded in the reference specimens specified
in KE-242.2.

(b) Axial Direction — 6%, in. (170 mm) 0.D. and Smaller.
When required by KE-241, the ultrasonic examination of
pipe and tubing shall include angle beam scanning in the
axial direction. The procedure for the axial scans shall be in
accordance with SE-213 in Section V, except that the
propagation of sound in the tube or pipe wall shall be
in the axial direction instead of the circumferential direc-
tion and as required in KE-241(a). Figure KE-242.1 illus-
trates the characteristic oblique entry of sound into the
pipe or tube wall in the axial direction of ultrasonic energy
propagation to detect transverse notches.

(c) Pipe and Tubing Larger Than 6%, in. (170 mm) O.D.
The procedure for ultrasonic examination of pipe and
tubing larger than 6%, in. (170 mm) 0.D. shall be in accor-
dance either with the requirements of Section II, SA-388
for angle beam scanning in the circumferential direction
or with the requirements of Section V, Article 23, SE-213,
except as required in KE-241(a)(3). The reference stan-
dard shall be in accordance with KE-242.2.
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Figure KE-242.1
Axial Propagation of Sound in Tube Wall

(d) Acceptance Standards. Products with defects that
produce indications in excess of the indications produced
by the standard defects in the referenced specimen are
unacceptable.

KE-242.2 Reference Specimens. The reference
specimen shall be of the same nominal diameter and thick-
ness, and of the same nominal composition and heat-
treated condition, as the product which is being examined.

(a) For circumferential scanning, the standard defects
shall be axial notches or grooves on the outside and inside
surfaces of the reference specimen and shall have alength
of approximately 1 in. (25 mm) or less, a width not to
exceed ¢ in. (1.6 mm) for a square notch or U-notch,
a width proportional to the depth for a V-notch, and
depth not greater than the larger of 0.004 in=(0.10
mm) or 3% of the nominal wall thickness.

(b) For axial scanning in accordance with.Section V,
Article 23, SE-213, a transverse (circumferential) notch
shall be introduced on the inner and 6uter surfaces of
the standard. Dimensions of the transverse notch shall
not exceed those of the longitudinal*notch. The reference
specimen may be the productbéing examined.

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

KE=242.3 Checking and Calibration of Equipment.
The proper functioning of the examination equipment
shall be checked and the equipment shall be calibrated
by the use of the reference specimens, as a minimum

(a) at the beginning of each production run of a given
size and thickness of given material

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

(c) at the end of the production run

If, during any check, it is determined that the testing
equipment is not functioning properly, all of the
productthathasbeen tested since the last valid equipment
calibration shall be reexamined.

KE-243 RADIOGRAPHIC EXAMINATION

The radiographic examination shall be performed in
accordance with Section V, Article 2, as modified by
KE-101, using the acceptance requirements of KE-332.

KE-244 EDDY CURRENT EXAMINATION

The requirements for eddy current exdmination are
given in KE-244.1 through KE-244.3.

KE-244.1 Examination Proceduré: The procedure for
eddy current examination shall ptoyide a sensitivity that
will consistently detect defects’by comparison with the
standard defects includedtin‘the reference specimen
specified in KE-244.2. Products with defects that
produce indications in ‘excess of the reference standards
are unacceptable unless the defects are eliminated or
repaired in accerdance with KE-246.

KE-244.2 Reference Specimen. The reference
specimen-shall be a piece of, and shall be processed in
the samé manner as, the product being examined. The
standard defects shall be circumferential or tangential
notehes or grooves on the outside and the inside surfaces
of the product and shall have a length of approximately
1in. (25 mm) orless,a width notto exceed % ¢ in. (1.6 mm),
a depth not greater than the larger of 0.004 in. (0.10 mm)
or 5% of the wall thickness, and a radial hole having a
nominal diameter of %4 in. (1.6 mm) or less. The size
of reference specimens shall be as specified in KE-242.2.

KE-244.3 Checking and Calibration of Equipment.
The checking and calibration of examination equipment
shall be the same as in KE-242.3.

KE-245 TIME OF EXAMINATION

Time of acceptance examination, including that of
repair welds, shall be in accordance with KE-231.

KE-246 REPAIR BY WELDING

When repair by welding is not prohibited by Part KM or
the product specification, the depth of repair is not limited
except as by the product specification and shall be in
accordance with KE-210.

{d) at any time that malfunctioning is suspected

238


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2025.pdf

ASME BPVC.VIIL3-2025

(25)

(25)

KE-250 EXAMINATION AND REPAIR OF
TUBULAR PRODUCTS AND FITTINGS
WELDED WITH FILLER METAL

KE-251 REQUIRED EXAMINATION

(a) All welds shall be examined 100% by radiography
in accordance with the method and acceptance require-
ments of the material specification. All external weld
surfaces and accessible internal weld surfaces shall be
examined by a surface examination method in accordance
with KE-233. When radiographic examination of welds is
not specified in the material specification, the welds shall
be examined by radiography in accordance with the re-
quirements of Section V, Article 2, as modified by KE-111
using the acceptance standards of KE-332. The radio-
graphic film and a radiographic report showing film loca-
tions shall be provided with the Material Test Report.

(b) Plate for these products shall be examined by ultra-
sonic methods in accordance with KE-220 or the finished
product shall be examined in accordance with KE-242.

KE-252 TIME OF EXAMINATION

Acceptance examinations, including those for repair
welds, shall be performed at the time of manufacture
as specified in (a) through (c).

(a) Ultrasonic examination of plate shall be performed
at the time as specified in KE-221, or, if the finished
product is examined, the time of examination shall-be
after final rolling and forming.

(b) Radiographic examination of welds, including
repair welds, shall be performed after finalrolling and
forming and may be performed prior to any‘required post-
weld heat treatment.

(c) A surface examination of welds'ifraccordance with
KE-233, including repair welds, shall be performed after
heat treatment, except the examination may be performed
prior to postweld heat treatment of P-No. 1 material.

KE-253 REPAIR BY WELDING

When repair by welding is not prohibited by Part KM, or
the product specification, the depth of repair is not limited
except as by the product specification and shall be in
accordance\with KE-210.

KE-260 EXAMINATION OF BOLTS, STUDS,
AND NUTS

KE-261 REQUIRED EXAMINATION

(a) All bolting materials shall be visually examined.

(b) Nominal sizes greater than 1 in. (25 mm) shall be
examined by either the magnetic particle or liquid pene-
trant method.

(c) Nominal sizes greater than 2 in. (50 mm) shall be
examined by ultrasonic methods in accordance with
KE-264 and KE-265.

KE-262 VISUAL EXAMINATION

The areas of threads, shanks, and heads of final
machined parts shall be visually examined. Harmful
discontinuities such as laps, seams, or cracks that
would be detrimental to the intended service are-unac-
ceptable.

KE-263 MAGNETIC PARTICLE OR _LIQUID
PENETRANT EXAMINATION

All bolts, studs, and nuts greater than 1 in. (25 mm)
nominal bolt size shall be exaniined by a surface exam-
ination method in accordance"with KE-233. Such exam-
ination shall be performed“on the finished bolting after
threading, or on thelmaterial stock at approximately
the finished diameter before threading, and after
heading, if this"process is used. Any indications shall
be unacceptable:

KE-264  ULTRASONIC EXAMINATION FOR SIZES
GREATER THAN 2 IN. (50 MM)

All bolts, studs, and nuts greater than 2 in. (50 mm)
nominal size shall be ultrasonically examined over the
entire surface prior to threading in accordance with
the requirements of KE-264.1 through KE-264.4.

KE-264.1 Ultrasonic Method. Examination shall be
carried out by the straight beam, radial scan method.

KE-264.2 Examination Procedure. Examination shall
be performed at a nominal frequency of 2.25 MHz with
a search unit not to exceed 1 in.? (650 mm?) in area.

KE-264.3 Calibration of Equipment. Calibration sensi-
tivity shall be established by adjustment of the instrument
so that the first back screen reflection is 75-90% of full
screen height.

KE-264.4 Acceptance Standards. Any discontinuity
which causes an indication in excess of 20% of the
height of the first back reflection or any discontinuity
which prevents the production of a first back reflection
of 50% of the calibration amplitude is not acceptable.

KE-265 ULTRASONIC EXAMINATION FOR SIZES
OVER 4 IN. (100 MM)

In addition to the requirements of KE-264, all bolts,
studs, and nuts over 4 in. (100 mm) nominal size shall
be ultrasonically examined over an entire end surface
before or after threading in accordance with the require-
ments of KE-265.1 through KE-265.4.

(25)

239


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2025.pdf

ASME BPVC.VIILL3-2025

KE-265.1 Ultrasonic Method. Examination shall be
carried out by the straight beam, longitudinal scan
method.

KE-265.2 Examination Procedure. Examination shall
be performed at a nominal frequency of 2.25 MHz with
a search unit not to exceed 0.5 in.? (320 mm?).

KE-265.3 Calibration of Equipment. Calibration shall
be established on a test bar of the same nominal composi-
tion and diameter as the production part and a minimum
of one-half of the length. A % in. (10 mm) diameter x 3 in.
(76 mm) deep flat bottom hole shall be drilled in one end of
the bar and plugged to full depth. A distance amplitude
correction curve shall be established by scanning from
both ends of the test bar.

KE-265.4 Acceptance Standards. Any discontinuity
which causes an indication in excess of that produced
by the calibration hole in the reference specimen as
corrected by the distance amplitude correction curve is
not acceptable.

KE-266 REPAIR BY WELDING

Weld repair of bolts, studs, and nuts is not permitted.

KE-270 EXAMINATION OF CASTINGS
KE-271 GENERAL REQUIREMENTS

Nondestructive examination shall be conducted in
accordance with the examination methods of Section. V.
except as modified by the requirements of KE-271,and
KE-272.

Castings shall be examined by the ultrasonic‘method in
accordance with KE-272. Configurations that'do not yield
meaningful examination results by ultrasonic methods
shall be examined by radiographic methods in accordance
with Section V, Article 2 using acceptance standards of
KE-332. In addition, all external $urfaces shall be exam-
ined by a surface examination.ahethod in accordance with
KE-233.

KE-272 ULTRASONIC EXAMINATION
REQUIREMENTS

KE-272.1 Examination Procedure. All castings shall be
examined (on) all external surfaces and all accessible
internal 'surfaces in accordance with SA-609/SA-609M
as shown in Section V, Article 23, both by the straight
beam)technique and the angle beam technique. The

angle beam examination shall be in two circumferential
directions and two axial directions.

KE-272.2 Acceptance Criteria. The casting wall thick-
ness shall be divided into thirds: Zone A covers the thirds
adjacent to the external and internal surfaces, and Zone B
covers the central third.

(a) Straight Beam Rule. A casting shall be unacceptable
if the results of straight beam examinations show one-or
more reflectors of measurable length that produce indica-
tions, accompanied by a complete loss of back-wallteflec-
tion not associated with or attributable to gepmetric
configurations. Complete loss of back-wall-réflection is
assumed when the back-wall reflection-falls below 5%
of full calibration screen height. A casting shall also be
unacceptable if the results of the stfaight beam examina-
tions show one or more reflectors that either

(1) producea75% or greaterloss of back-wall reflec-
tion that has been determined to be caused by a discon-
tinuity, or

(2) show a response equal to or greater than the
dynamic amplitude_cetrrection curve over an area speci-
fied by quality lével'1 in Zone A and quality level 2 in Zone
B, where the-quality levels are as defined in SA-609/SA-
609M, Table-Z.

(b) Angle Beam Rule. A casting shall be unacceptable if
the results of angle beam examinations show one or more
refleetors that produce indications exceeding in amplitude
the indication from the appropriate calibration notches
over an area specified by quality level 1 in Zone A and
quality level 2 in Zone B, where the quality levels are
as defined in SA-609/SA-609M, Table 2.

More stringent acceptance criteria may be specified in
the User's Design Specification.

KE-273 REMOVAL OF FLAWS

(a) Tt will generally be necessary to machine external
surfaces to remove surface casting imperfections. Any
remaining surface flaws more than % in. (3 mm) in
height shall be removed by grinding and blending.

(b) Reduction in thickness due to blending is permitted
to the extent given in KE-211. Any greater blending shall
be included in the component structural assessment as a
change in geometry, but such blending shall not exceed
one-quarter of the thickness or extend over a length
greater than 4 in. (100 mm). After defect elimination,
the area is to be reexamined by the magnetic particle
method or the liquid penetrant method in accordance
with KE-233 to ensure that the imperfection has been
removed or reduced to an acceptable size.
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ARTICLE KE-3
EXAMINATION OF WELDS AND ACCEPTANCE CRITERIA

(25) KE-300 EXAMINATION OF WELDS AND WELD

OVERLAY

Acceptance examinations of welds and weld overlay
shall be performed at the times stipulated in (a)
through (f) during fabrication and installation, except
as otherwise specified in KE-310 and KE-400.

(a) Allbuttjoints shall be ultrasonically examined after
completion of all required heat treatment. Where ultra-
sonic examination cannot resolve embedded flaws in
the performance qualification block, or weld joint and/
or vessel geometry prohibits ultrasonic examination,
radiographic examination shall be performed.

(b) A surface examination of welds in accordance with
KE-233, including plate weld repair, shall be performed
after any required postweld heat treatment, except that
welds in P-No. 1 material may be examined either before
or after postweld heat treatment. The surface examination
of welds at progressive states of welding may be
performed before PWHT. A welded joint surface may
not require examination when the weld surface is,inac-
cessible [see KE-241(b), KE-251(a), and KE-502(a)].

(c) The surface examination of weld surfacesthatare to
be covered with weld overlay shall be performed before
the weld overlay is deposited. The surface examination of
weld surfaces that are not accessible-after a postweld heat
treatment shall be performed priof to postweld heat treat-
ment. These examinations may be performed before
PWHT.

(d) Weld overlay shall be examined after completion of
all required heat treatment by a surface examination
method in accordanee with KE-233.

(e) All of the\joints in austenitic stainless steel and
nonferrous material shall be examined by the liquid pene-
trant methiod after final postweld heat treatment, if any, is
performed. A welded joint surface may not require exam-
ination when the weld surface is inaccessible [see
KE-241(b), KE-251(a), and KE-502(a)].

(f) Examination of weld joints when required in ferritic
steels with tensile properties enhanced by quenching and
tempering shall be made after all weld overlay has been
deposited, and all required heat treatment has been
performed.

KE-301 REQUIREMENTS FOR ULTRASONIC
EXAMINATIONS OF WELDS

(a) For welds in wrought productforms, both straight
beam and angle beam examinations,shall be required. The
ultrasonic examination area shall include the volume of
the weld, plus 2 in. (50 mm) onhveach side of the weld. The
straight beam examinatiotis/shall include the volume of
the base metal through\which subsequent shear wave
shall pass. These examinations shall be performed in
accordance with-proeedures agreed upon by the Manufac-
turer and Useryand shall meet the requirements of Section
V, Article 4!

(b) Ardocumented examination strategy or scan plan
shall.be provided showing transducer placement, move-
ment, and component coverage that provides a stan-
dardized and repeatable methodology for weld accep-
tance. The scan plan shall include ultrasonic beam
angle used, beam directions with respect to weld center-
line, and vessel volume examined for each weld. The docu-
mentation shall be made available to the purchaser upon
request.

(c) The ultrasonic examination shall be performed in
accordance with a written procedure conforming to the
requirements of Section V, Article 4, Mandatory Appendix
VIII or Mandatory Appendix XI. The procedure shall have
been demonstrated to perform acceptably on qualification
blocks. Acceptable performance is defined as response
from the maximum allowable flaw and other flaws of
interest demonstrated to exceed the reference level. Alter-
natively, for techniques that do not use amplitude
recording levels, acceptable performance is defined as
demonstrating that all imaged flaws with recorded
lengths, including the maximum allowable flaws, have
an indicated length equal to or greater than the actual
length of the flaws in the qualification block.

(d) The ultrasonic examination shall be performed
using a device employing automatic computer based
data acquisition. The initial straight beam material exam-
ination (Section V, Article 4, T-472) for reflectors that
could interfere with the angle beam examination shall
be performed

(1) manually,

(2) as part of a previous manufacturing process, or

(3) during the automatic UT examination provided
detection of these reflectors is demonstrated in accor-
dance with (c)

(25)
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(e) Data shall be recorded in unprocessed form. A
complete data set with no gating, filtering, or thresholding
for response from examination of the volume in (a) above
shall be included in the data record.

(f) Personnel performing and evaluating UT examina-
tions shall be qualified and certified in accordance with
their employer’s written practice as specified in Section V,
Article 1, T-120(e) or T-120(f). Only Level II or Level III
personnel shall analyze the data or interpret the results.

(9) When the UT examination is contracted by others,
contractor qualification records of certified personnel
shall be approved by the Certificate Holder and main-
tained by their employer.

(h) Personnel who acquire and analyze UT data shall be
trained using the equipment in (d) above, and shall parti-
cipate in the demonstration of (c) above.

(i) Data analysis and acceptance criteria shall be as
follows:

(1) Data Analysis Criteria. Reflectors exceeding the
limits in either (-a) or (-b) below, as applicable, shall
be investigated to determine whether the indication origi-
nates from a flaw or is a geometric indication in accor-
dance with (2) below. When a reflector is determined
to be a flaw, it shall be evaluated for acceptance in accor-
dance with KE-333.

(-a) For amplitude-based techniques, the location,
amplitude, and extent of all reflectors that produce a
response greater than 20% of the reference level shall
be investigated.

(-b) Fornonamplitude-based techniques, the loca-
tion and extent of all images that have an indicated length
greater than the limits in (-1), (-2), or (-3) below, as ap-
plicable, shall be investigated.

(-1) For welds in material equal to orless than
1'% in. (38 mm) thick at the weld, images with indicated
lengths greater than 0.150 in. (3.8 mm) shall be investi-
gated.

(-2) For welds in material'greater than 1 in.
(38 mm) thick but less than 4 in. (000 mm) thick at the
weld, images with indicated lenigths greater than 0.200 in.
(5 mm) shall be investigated.

(-3) For welds™ i’ material greater than 4
in. (100 mm) thick atcthe weld, images with indicated
lengths greater tham 0.05¢ or 0.75 in. (19 mm), whichever
is smaller, shall be“investigated (¢ = nominal material
thickness adjacent to the weld).

(2) Géometric. Ultrasonic indications of geometric
and metallurgical origin shall be classified as follows:

(3d) Indications that are determined to originate
from the surface configurations (such as weld reinforce-
ment or root geometry) or variations in metallurgical
Structure of materials (such as cladding to base metal
interface) may be classified as geometric indications, and

(-1) need notbe characterized or sized in accor-
dance with (3) below;

(-2) need not be compared to allowable flaw
acceptance criteria listed in Table KE-301-1 or Table
KE-301-2 or developed in accordance with KD-450;

(-3) shall have the maximum indication ampli-
tude and location recorded, for example: internal attach-
ments, 200% DAC maximum amplitude, 1 in. (25 mm)
above the weld centerline, on the inside surface, from
90 deg to 95 deg.

(-b) The following steps shall be taken to classify
an indication as geometric:

(-1) Interpret the area containing the:reflector
in accordance with the applicable examinationprécedure.

(-2) Plot and verify the reflector-€oordinates,
provide a cross-sectional display showing the reflector
position and surface discontinuity suelhras root or counter-
bore.

(-3) Review fabrication of weld prep drawings.

(-c) Alternatively, other NDE methods or techni-
ques may be applied to classify an indication as geometric
(e.g., alternative UT 'be€am angles, radiography, L.D.
profiling, or O0.D. profiling).

(3) Flaw Sizing.-Flaws shall be sized in accordance
with a procedure‘demonstrated to size similar flaws at
similar material depths. Alternatively, a flaw may be
sized by .a_supplemental manual technique as long as it
has beén qualified by the demonstration of (c) above.
The dimensions of the flaw shall be determined by the
rectangle that fully contains the area of the flaw.
(Refer to Figures KE-301-1 through KE-301-7.)

(-a) The length (I) of the flaw shall be drawn
parallel to the inside pressure-retaining surface of the
component.

(-b) The depth of the flaw shall be drawn normal to
the inside pressure-retaining surface and shall be denoted
as “a” for a surface flaw or “2a” for a subsurface flaw.

(-c) Subsurface flaw(s) close to a surface shall be
considered surface flaw(s) if the distance between the
flaw and the nearest surface is equal to or less than
one-half the flaw through-wall dimension as shown in
Figure KE-301-1.

(-d) Subsurface flaws with S/a greater than 1.0
and surface flaws shall be evaluated for acceptance in
accordance with the criteria of Table KE-301-1 or
Table KE-301-2 (or Figure KE-301-2 or Figure
KE-301-3) or criteria for smaller flaws as specified by
the Manufacturer performing an analysis in accordance
with KD-411.

(-e) Alternative weld flaw size acceptance criteria
may be generated by a Manufacturer using the methods of
KD-450 in lieu of the requirements of (-d).

(-1) Interpolation between aspect ratios in the
table generated in accordance with KD-451 is permitted.

(-2) Allflaws with aspectratioslarger or smaller
than those in the table generated shall be considered rele-
vant by the examiner and documented.

(-3) Any flaws detected with aspectratios larger
or smaller than those in the table generated in accordance
with KD-451 shall be evaluated using a specific fracture
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Table KE-301-1
Flaw Acceptance Criteria for 1 in. (25 mm) to 12 in. (300 mm) Thick Weld

1 in. (25 mm) < t < 2% in. (64 mm) 4 in. (100 mm) < t < 12 in. (300 mm)
Aspect Ratio, a/f Surface Flaw, a/t Subsurface Flaw, a/t Surface Flaw, a/t Subsurface Flaw, a/t
0.00 0.031 0.034 0.019 0.020
0.05 0.033 0.038 0.020 0.022
0.10 0.036 0.043 0.022 0.025
0.15 0.041 0.049 0.025 0.029
0.20 0.047 0.057 0.028 0.033
0.25 0.055 0.066 0.033 0.038
0.30 0.064 0.078 0.038 0.044
0.35 0.074 0.090 0.044 0.051
0.40 0.083 0.105 0.050 0.058
0.45 0.085 0.123 0.051 0.067
0.50 0.087 0.143 0.052 0.076

GENERAL NOTES:

(a) See Figure KE-301-2, illustration (a) and Figure KE-301-3, illustration (a).

(b) t=thickness ofthe weld excluding any allowable reinforcement. For a buttweld joining two members having different thickness at the weld, t
is the thinner of these two thicknesses. If a full penetration weld includes a fillet weld, the thickness of the throat of the fillet weld shall be
included in t.

(c) S is the distance of the indication from the nearest surface of the component (see\Figure KE-301-1).

(d) For intermediate flaw aspect ratio a/#, and thickness t [2% in. (64 mm) < t < 4<ih. (100 mm)], linear interpolation is permissible.

(e) If the acceptance criteria in this table results in a flaw length, £, less than 0.25 in. (6.4 mm), a value of 0.25 in. (6.4 mm) may be used.

(f) Thistableisonly applicable to a material thickness of 8 in. (200 mm) or thinner.if the specified minimum tensile strength is greater than 95 ksi
(655 MPa).

(g) This table is only applicable to a material thickness of 8 in. (200 mmj_or thinner if PWHT is not undertaken.

Table KE-301-2
Flaw Acceptance Criteria for 16 in. (400 mm) Thick Weld

SurfaceFlaw, a Subsurface Flaw, a
Aspect Ratio, a/¢f in. mm in. mm
0.00 0.228 5.79 0.240 6.10
0.05 0.240 6.10 0.264 6.71
0.10 0264 6.71 0.300 7.62
0.15 0:300 7.62 0.348 8.84
0.20 0.336 8.53 0.396 10.1
0.25 0.396 10.1 0.456 11.6
0.30 0.456 11.6 0.528 13.4
0.35 0.528 13.4 0.612 15.5
0.40 0.612 15.5 0.696 17.7
0.45 0.618 15.7 0.804 20.4
0.50 0.624 15.9 0.912 23.6

GENERAL_NOTES:

(a)_ See/Figure KE-301-2, illustrations (b) and (c) and Figure KE-301-3, illustrations (b) and (c).

(b) For intermediate flaw aspect ratio, a/# linear interpolation is permissible.

(c) t=the thickness of the weld excluding any allowable reinforcement. For a buttweld joining two members having different thickness at the
weld, tis the thinner of these two thicknesses. If a full penetration weld includes a fillet weld, the thickness of the throat of the fillet weld shall
be included in t.

(d) S is the distance of the indication from the nearest surface of the component (see Figure KE-301-1).

(e) This table is applicable to materials with specified minimum tensile strength no greater than 95 ksi (655 MPa).

(f) If a thickness is larger than 16 in. (400 mm), flaw acceptance values for a thickness of 16 in. (400 mm) shall be used.

(g) When the thickness is larger than 12 in. (300 mm) and less than 16 in. (400 mm), linear interpolation between values for 12 in. (300 mm) in
Table KE-301-1 and those for 16 in. (400 mm) in Table KE-301-2 is permissible.

(h) This table is not applicable if PWHT is not undertaken.
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mechanics calculation to determine whether they are ac-
ceptable.

KE-302 REQUIREMENTS FOR PERFORMANCE
QUALIFICATION BLOCK

The qualification blocks shall be prepared by welding
and shall contain at least three flaws, oriented to simulate
flaws parallel to the production weld’s fusion line as
follows:

(a) The qualification block shall contain at least three
planar flaws. The primary weld preparation angle shall be
represented by atleast two embedded flaws oriented with
+10 deg of the weld preparation angle. One flaw shall be
located near the midpoint of the top one-third of the quali-
fication block (representing the 0.D.), one flaw shall be
located near mid-thickness of the qualification block,
and one flaw shall be located near the midpoint of the
bottom one-third of the qualification block (representing
L.D.).

(b) The material of the qualification block shall meet
the P-Number requirements of Section V, Article 5.

(c) The thickness of the qualification block shall be
within £25% of the actual final thickness of the thickest
weld to be examined in the pressure vessel.

(d) The embedded planar flaws in the qualification
block may be natural or artificial and must be fully char-
acterized inlocation, orientation (angular rotation in hori-
zontal and vertical axis), and reflecting area.

(e) Flaw size shall be no larger than the flaw sizes listéd
in Table KE-301-1 or Table KE-301-2 or developed in
accordance with KD-450 for the thickness to be examined.

Figure KE-301-1
Flaw Classification of Single Indication

I
B 7 T

(a) Surface Indication

it

i ''''''''' 1
N }

‘ |
S=d

1
l

(b) Surface Indication

——l]

2

S>a
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Figure KE-301-2
Surface Flaw Acceptance Criteria
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(a) For Weld Thickness 1 in. (25 mm) = t < 2% in. (64 mm)‘and 4 in. (100 mm) < t < 12 in. (300 mm) [Note (1)]
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(b) For Weld Thickness t = 16 in. (400 mm) [Note (2)]
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Figure KE-301-2
Surface Flaw Acceptance Criteria (Cont’d)

Allowable Half Depth, 2(mm)
]

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

Flaw Aspect Ratio, a/f

(c) For Weld Thickness t = 4000mim (16 in.) [Note (3)]

NOTES:

(1) This graph obtained from acceptance criteria for surface flaw for,1 1. (25 mm) < t < 2% in. (64 mm) and 4 in. (100 mm) < t < 12 in. (300 mm) in
Table KE-301-1.

(2) This graph obtained from acceptance criteria for surface/Aflaw for t = 16 in. in Table KE-301-2.

(3) This graph obtained from acceptance criteria for surface flaw for t = 400 mm in Table KE-301-2.
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Figure KE-301-3
Subsurface Flaw Acceptance Criteria
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(a) For Weld Thickness 1 in. (25 mm) < t < 2% in. (64 mm) and 4 in. (100 mm) < t < 12 in. (300 mm) [Note (1)]
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(b) For Weld Thickness t = 16 in. (400 mm) [Note (2)]
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Figure KE-301-3
Subsurface Flaw Acceptance Criteria (Cont’d)

25

e

15 ~

101 —

Allowable Half Depth, 2(mm)

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Flaw Aspect Ratio,.a/l

(c) For Weld Thickness t = 400.mm (16 in.) [Note (3)]

NOTES:

(1) This graph obtained from acceptance criteria for subsurface flaw for 1 in. (25 mm) < t < 2% in. (64 mm) and 4 in. (100 mm) < t < 12 in. (300
mm) in Table KE-301-1.

(2) This graph obtained from acceptance criteria for subsutface flaw for ¢t = 16 in. in Table KE-301-2.

(3) This graph obtained from acceptance criteria for subsurface flaw for t = 400 mm in Table KE-301-2.
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Figure KE-301-4
Multiple Planar Flaws Oriented in Plane Normal to Pressure-Retaining Surface
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Figure KE-301-5
Parallel Planar Flaws
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Figure KE-301-6
Nonaligned Coplanar Flaws in Plane Normal to Pressure-Retaining Surface (Illustrative Flaw Configurations)
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Figure KE-301-7
Multiple Aligned Planar Flaws
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Figure KE-301-7
Multiple Aligned Planar Flaws (Cont’d)

NOTES:

(1) Thisillustration indicates two surface flaws. The first, a;, is on the outer surface of the component, and the second, a5, is on the inner surface:

(a1 + a3) < (a5 + a’y)/2 within planes A-A" and B-B’
(2) This illustration indicates two subsurface flaws:
(a1 + ay) < (a, + a’;)/2 within planes C-C" and D-D’

(3) This illustration indicates two surface flaws and one subsurface flaw:

(a) (a, + a3) < (a, + a’;)/2 within planes E-E’ and F-F’

(b) (ay + ay + a3) < (a, + a, + a’y)/3 within planes F-F’ and G-G’

(c) (ay + a3) < (a’s + a.)/2 within planes G-G’ and H-H’

(d) asfor first surface flaw, a’; for second surface flaw, a, for first subsurface flaw, and a’, for second subsurface flaw are-acceptable flaw

depth dimensions, respectively.

KE-310 EXAMINATION OF WELD EDGE
PREPARATION SURFACES

All weld edge preparation surfaces in materials
2 in. (51 mm) or more in thickness shall be examined
by a surface examination method in accordance with
KE-233. Weld repairs made to the weld edge preparation
surfaces shall also be inspected by a surface examination
method before the surface becomes inaccessible.

Indications shall be evaluated in accordance with the
acceptance standards in (a), (b), and (c). The location
of all relevant indications shall be documented.

(a) Only indications with major dimensions greater
than ¥ in. (1.6 mm) shall be considered relevant.

(b) Laminar type indications are acceptable without
repair if they do not exceed %, in. (6 mm)_in length.
The extent of all laminar type indication$§ eXxceeding
Y, in. (6 mm) in length shall be determine@dby ultrasonic
examination. Indications exceeding %, in.(6 mm) in length
shall be repaired by welding to a depth'ef*4 in. (10 mm) or
the depth of the indication, whichevér is less, unless the
ultrasonic examination reveals that additional depth of
repair is required to meet the ultrasonic examination
requirement for the product form.

(c) Other nonlaminafrelevant indications that are un-
acceptable are:

(1) any linear indications greater than %, in
(4.8 mm) long

(2) reunded indications with dimensions greater
than ¥t (4.8 mm)

(3)-four or more rounded indications in a line sepa-
rated by Y in. (1.6 mm) or less, edge-to-edge

KE-320 TYPES OF WELDS AND THEIR
EXAMINATION

KE-321 WELDED JOINT CATEGORIES

The term category as used herein defines the location of
a joint in a vessel, but not the type of joint. The categories
established by this paragraph are for use in this Division in

specifying special requiremerits regarding joint type and
degree of examination for\certain welded pressure joints.
Since these special nrequirements, which are based on
service and thickness; do not apply to every welded
joint, only those joints to which special requirements
apply are included in categories. The joints included in
each category are designated as joints of Categories A,
B, C, and, D below. Figure KE-321 illustrates typical
jointdocations included in each category.

(@) Category A Locations. Category A locations are lon-
gitudinal welded joints within the main shell, communi-
cating chambers,'? transitions in diameter, or nozzles; any
welded joint within a sphere, within a formed or flat head,
or within the side plates’® of a flat-sided vessel; and
circumferential welded joints connecting hemispherical
heads to main shells, to transitions in diameter, to
nozzles, or to communicating chambers.

(b) Category B Locations. Category B locations are
circumferential welded joints within the main shell,
communicating chambers, nozzles, or transitions in
diameter, including joints between the transition and a
cylinder at either the large or small end; and circumfer-
ential welded joints connecting formed heads other than
hemispherical to main shells, to transitions in diameter, to
nozzles, or to communicating chambers.

(c) Category C Locations. Category C locations are
welded joints connecting flanges, tubesheets, or flat
heads to the main shell, to formed heads, to transitions
in diameter, to nozzles, or to communicating chambers;
and any welded joint connecting one side plate to another
side plate of a flat-sided vessel.

(d) Category D Locations. Category D locations are
welded joints connecting communicating chambers or
nozzles to main shells, to spheres, to transitions in
diameter, to heads, or to flat-sided vessels; and nozzles
at the small end of a transition in diameter and those
joints connecting nozzles to communicating chambers.
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Figure KE-321
Illustration of Welded Joint Locations Typical of Categories A, B, C, and D

KE-322 WELD JOINTS

The entire length of all Categories A, B, C, and D weld
joints shall be ultrasonically examined in accordance with
KE-300. Where ultrasonic examination test results cannot
be conclusively interpreted, radiographic examination of
that area shall be carried out in accordance with KE-101.
The external and accessible internal weld surfaces and
adjacent base material for at least %, in. (13 mm) on
each side of the weld shall be examined by a surface tech-
nique in accordance with KE-233.

KE-323 WELD BUILDUP DEPOSITS AT OPENINGS
FOR NOZZLES, BRANCH, AND PIPING
CONNECTIONS

When weld buildup deposits are made to a sufface, the
weld buildup deposit, the fusion zone, and\the parent
metal beneath the weld buildup deposit shall be ultra-
sonically examined. See KE-333 for acceptance standards.

KE-324 ATTACHMENT WELDS

Attachment welds made to pressure-retaining material
shall be examined by a suiface technique in accordance
with KE-233. See KE-233for acceptance standards.

KE-325 WELDS FOR MEMBRANE SEALS

Membrane‘seal welds shall be examined by a surface
technique-in.accordance with KE-233.

KE-330 ACCEPTANCE STANDARDS
KE-331 GENERAL REQUIREMENTS

Acceptance standards for welds shall be as stated in the
following paragraphs, while the acceptance standards for
material adjacent to the weld or beneath the weld or weld
buildup shall be as stated in Article KE-2.

KE-332 RADIOGRAPHIC ACCEPTANCE
STANDARDS

Welds that are shown by radiography to have any of the
following types,ef\imperfections are unacceptable:

(a) any type-of crack or zone of incomplete fusion or
penetration

(b) any-other linear indication which has a length
greatérthan

(1) Y4 in. (6 mm) for t up to ¥, in. (19 mm), inclusive
(where tis the thickness of the thinner portion of the plate
being welded)

(2) t/3 for t over ¥, in. (19 mm) to 2% in. (57 mm),
inclusive

(3) %, in. (19 mm) for t over 2% in. (57 mm)

(c) internal root weld conditions are acceptable when
the density change as indicated in the radiograph is not
abrupt (such that radiographs can be interpreted); linear
indications on the radiograph at either edge of such condi-
tions shall be unacceptable as provided in (b)

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

(e) rounded indications in excess of those shown as
acceptable in Table KE-332 and Mandatory Appendix 6.

KE-333 ULTRASONIC ACCEPTANCE STANDARDS

Flaws shall be evaluated for acceptance using the ap-
plicable criteria listed in Table KE-301-1 or Table
KE-301-2 or developed in accordance with KD-450
with the following additional requirements:

(a) Surface Connected Flaws. Flaws identified as surface
flaws during the UT examination may or may not be
surface connected. Therefore, unless the UT data analysis
confirms that that flaw is not surface connected, it shall be
considered surface connected or a flaw open to the
surface, and is unacceptable unless a surface examination
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Table KE-332
Radiographic Acceptance Standards
for Rounded Indications (Examples Only)

Maximum Size of Maximum
Acceptable Rounded Size of
Indications, in. (mm) Nonrelevant
Indication,
Thickness ¢, in. (mm) Random Isolated in. (mm)
Less than % 3) Ut Lat Yot
% (3) 0.031 (0.8)  0.042 (1.1) 0.015 (0.4)
%6 (5) 0.047 (1.2)  0.063 (1.6) 0.015 (0.4)
Y (6) 0.063 (1.6)  0.083 (2.1) 0.015 (0.4)
%6 (8) 0.078 (2.0) 0.104 (2.6) 0.031 (0.8)
% (9.5) 0.091 (2.3) 0.125 (3.2) 0.031 (0.8)
6 (11) 0.109 (2.8) 0.146 (3.7) 0.031 (0.8)
Y (13) 0.125 (3.2)  0.168 (4.3)  0.031 (0.8)
Y6 (14) 0.142 (3.6) 0.188 (4.8) 0.031 (0.8)
% (16) 0.156 (4.0) 0.210 (5.3) 0.031 (0.8)
Wie (17.5) 0.156 (4.0) 0.230 (5.8)  0.031 (0.8)
%, (19) to 2 (50), incl.  0.156 (4.0)  0.250 (6.4) 0.031 (0.8)
Over 2 (50) 0.156 (4.0) 0.375 (9.5) 0.063 (1.6)

is performed in accordance with (1), (2), or (3) below. If
the flaw is surface connected, the requirements above still
apply; however, in no case shall the flaw exceed the accep-
tance criteria in KE-233.
Acceptable surface examination techniques are

(1) magnetic particle examination (MT) in accor-
dance with Section VIII, Division 1, Mandatory Appendix
6; Section VIII, Division 2, Part 7, 7.5.6; Sectiond, Manda-
tory Appendix A, A-260 as applicable; or Section XII, Man-
datory Appendix V, or

(2) liquid penetrant examinatior(PT) in accordance
with Section VIII, Division 1, Mandatory Appendix 8;
Section VIII, Division 2, Part 7, 7.5.7; Section I, Mandatory
Appendix A, A-270 as applicablejor Section XII, Mandatory
Appendix VI, or

(3) eddy current examination (ET) in accordance
with KE-105. All relevant ET indications that are open
to the surface arecunacceptable regardless of length.

(b) Multiple Flaws

(1) Discontinuous flaws shall be considered a
singular«<planar flaw if the distance between adjacent
flaws.is Jequal to or less than S as shown in Figure
KE-301-4.

(2) Discontinuous flaws that are oriented primarily
in parallel planes shall be considered a singular planar
flaw if the distance between the adjacent planes is
equal to or less than % in. (13 mm). (Refer to Figure
KE-301-5.)

(3) Discontinuous flaws that are coplanar and nona-
ligned in the through-wall thickness direction of thé
component shall be considered a singular planar<law
if the distance between adjacent flaws is equalto or
less than S as shown in Figure KE-301-6.

(4) Discontinuous flaws that are coplanar in the
through-wall direction within two paralle}-planes % in.
(13 mm) apart (i.e., normal to the préssure-retaining
surface of the component) are unacdeptable if the additive
flaw depth dimension of the flawsexceeds those shown in
Figure KE-301-7.

(c) Subsurface Flaws.Flaw length (I) shall not exceed 4t.

(d) The final data package shall be reviewed by a UT
Level III individual. The review shall include:

(1) the ultrasonic data record

(2) data interpretations

(3) flaw~evaluations/characterizations performed
by another.qualified Level II or III individual.

The data'review may be performed by another individ-
ual from the same organization.

Alternatively, the review may be achieved by arranging
for'a data acquisition and initial interpretation by a Level I
individual qualified in accordance with KE-301(f) and
trained in accordance with KE-301(h), and a final inter-
pretation and evaluation shall be performed by a Level 111
individual qualified similarly. The Level Il individual shall
have been qualified in accordance with KE-301(f) above,
including a practical examination on flawed specimens.

(e) The nameplate shall be marked under the Certifica-
tion Mark and Designator by applying UT, to indicate ultra-
sonic examination of welded seams required to be
examined in accordance with this Division.

KE-334 SURFACE EXAMINATION OF WELDS

Welds shall be examined by a surface examination
method in accordance with KE-233. A welded joint
surface may not require examination when the weld
surface is inaccessible [see KE-241(b), KE-251(a) and
KE-502(a)].

(25)
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ARTICLE KE-4
FINAL EXAMINATION OF VESSELS

KE-400 SURFACE EXAMINATION AFTER
HYDROTEST

All surfaces of pressure boundary components
including internal and external surfaces and weld
metal shall be examined after hydrotest or autofrettage
as permitted by Article KT-3, unless accessibility prevents
meaningful interpretation and characterization of defects,
or, if the component would be damaged as a result of such
an examination. The surfaces shall be examined in accor-
dance with KE-233. Components or surfaces of compo-
nents that are not accessible or would potentially be
damaged shall be examined at the latest point in which
meaningful results can be obtained without damage to
the component. Acceptance criteria shall be in accordance
with KE-233.2.

KE-410 INSPECTION OF LINED VESSEL
INTERIOR AFTER HYDROTEST

When the test fluid leaks behind the/protective liner,
there is danger that the fluid will.yemain in place
when the vessel is put in service. Imcases where the oper-
ating temperature of the vesselis above the boiling point
of the test fluid, the vessel should be heated slowly for
sufficient time to drive outall test fluid from behind
the protective liner without damage to the liner. This
heating operation shall be performed at the vessel manu-
facturing plant qr.at-the plant where the vessel is being
installed. Afterthe'test fluid is driven out, the lining should
be repaired(Repetition of the examination, the heat treat-
ment, or:the hydrostatic test of the vessel after lining
repairs is not required except when there is reason to
suspect’that the repair welds may have defects that pene-
trate’into the base material, in which case the Inspector
shall decide which one or more of these operations shall be
repeated.
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ARTICLE KE-5
ADDITIONAL EXAMINATION REQUIREMENTS FOR COMPOSITE
REINFORCED PRESSURE VESSELS (CRPV)

KE-500 SCOPE

The following Article provides examination require-
ments for the Composite Reinforced Pressure Vessels
(CRPV) manufactured in accordance with this Division.

KE-501 QUALIFICATION OF NONDESTRUCTIVE
EXAMINATION PERSONNEL FOR CRPV

(a) The Manufacturer shall certify that each examiner
performing acoustic emission testing according to the
Division has attended a dedicated training course on
the subject, passed a written examination, and has the
recommended experience level. The training course
shall be appropriate for specific NDT Level II qualification
according to Section V, Article 1, T-120(e) or T-120(f).

(b) The manufacturer shall certify that each examiner
performing visual tests according to the Division has beéen
qualified to the requirements of Section V, Article,9.

KE-502 WELD EXAMINATION

(a) For Categories A and B welds, the interhal surface
may notbe ground nor examined with magnetic particle or
liquid penetrant. The performance of‘the external ultra-
sonic examination method of the swelds shall be demon-
strated using a performance demonstration test block that
has been prepared using the welding procedure to be used
in production and having similar weld geometry and
containing simulated flaws equal to or smaller in size
than the initial flaw.size’in the fracture mechanics calcula-
tions. The examination method shall meet the require-
ments of KE-333.

(b) Thegexternal surfaces of all welds shall be examined
in accordance with the requirements of this Division
before‘laminate application.

KE-503 ADDITIONAL EXAMINATION
REQUIREMENTS FOR CRPV

(a) The Manufacturer compléting a CRPV or vessel part
shall be responsible for conducting the examinations
required by this paragraph.

(b) Each CRPV shall be'subjected to the examinations
required by this paragraph, and the examinations in
Article KT-5, and shall conform to the specified require-
ments, with results recorded in Production Test Reports.
Examinations.detailed in (1), (2), and (4) shall be carried
out before the hydrostatic test. The CRPV Production Test
Repart shall become part of the Manufacturer’s Construc-
tiofi Records.

(1) Design Dimensions Examination. CRPV shall be
examined for conformance with dimensions and toler-
ances shown on the design drawings.

(2) Repair of Imperfections and Replacement of the
Laminate During Construction. Requirements for the
repair of imperfections, visual inspection of repaired
areas, and replacement of the laminate during construc-
tion are found in Section X, Mandatory Appendix 10, 10-
406, 10-503(a)(3), and 10-407.

(3) Acoustic Emission Examination. An acoustic emis-
sion examination in accordance with the requirements of
Section V, Article 11 shall be performed on each CRPV in
accordance with KF-1212(b)(2). The acoustic emission
examination shall not be conducted until all other tests
and examinations required by this Division have been
conducted. All repairs that are required as a result of
the other tests and examinations shall be completed
prior to the acoustic emission examination.

(4) Metallic Surface Examination After Hydrostatic
Test. The requirements of KE-400 do not apply to
CRPV as examination of internal surfaces and external
surfaces under the laminate are not practical. It shall
be demonstrated by a fracture mechanics approach
that the minimum detectable flaw size will not grow
during the hydrostatic test to a size not accounted for
in the analysis, see KF-1210 and KE-502.
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PART KT
TESTING REQUIREMENTS

ARTICLE KT-1
TESTING REQUIREMENTS

KT-100 SCOPE

The testing of vessels within the scope of this Division
shall be performed in accordance with the rules in this
Part.

KT-110 REQUIREMENTS FOR SAMPLE TEST
COUPONS

KT-111 OBTAINING SAMPLE TEST COUPONS

When material is subjected to heat treatment during
fabrication, the test specimens required by the applicable
specification shall be obtained from sample coupons
which have been heat treated in the same manner as
the material, including such heat treatments as were
applied by the Material Producer before shipment. The
required tests shall be performed by either the ifiaterial
producer or Manufacturer (see KM-220).

KT-112 HEAT TREATING OF SAMPLE TEST
COUPONS

The material used in a vessel ora component shall be
represented by test specimens which have been subjected
to the same manner of heat treatment, including postweld

heat treatment, as the vessel. The.kind and number of
tests, and test results, shall be thoseTequired by the mate-
rial specification. The Manufacturer shall specify the
temperature, time, and cooling rates that the material
will be subjected to duying fabrication. Material from
which the specimefs,are prepared shall be heated at
the specified temperature within the tolerances estab-
lished by the Manufacturer for use in actual fabrication.
The total timejat temperature shall be at least 80% of the
total time-at temperature during actual heat treatment of
the product and may be performed in a single cycle. Simu-
lation of postweld heat treatment may be applied to the
test'Specimen blanks. Local heating such as flame or arc
cutting, preheating, or welding shall not be considered as
part of the heat treatment.

KT-113 EXCEPTION FOR STANDARD PRESSURE
PARTS

An exception to the requirements of KT-111 and KT-112
shall apply to standard items such as described in KM-102.
These may be subjected to postweld heat treatment with
the vessel or vessel part without the same treatment being
required of the test specimens. This exception shall not
apply to specially designed wrought fittings.

258


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2025.pdf

ASME BPVC.VIIL3-2025

ARTICLE KT-2
IMPACT TESTING FOR WELDED VESSELS

KT-200 IMPACT TESTS

(a) For vessels of welded construction, the toughness
of welds and heat-affected zones of procedure qualifica-
tion test plates and vessel production test plates shall be
determined as required in this Article.

(b) Test plates shall be subjected to heat treatment,
including cooling rates and aggregate time at temperature
or temperatures, essentially the same as established by
the Manufacturer for use in actual manufacture. The
total time at temperature shall be at least 80% of the
total time at temperature during actual heat treatment
of the product and may be performed in a single cycle.

(c) The test temperature for welds and heat-affected
zones shall not be higher than for the base materials.

(d) Tmpact values shall be at least as high as those
required for the base materials [see Table KM-234.2(a)].

KT-210 LOCATION AND ORIENTATION OF
SPECIMENS

All weld impact specimens for both weld pfocédures
and production tests shall comply with the following re-
quirements:

(a) One set of weld metal impact spécimens shall be
taken across the weld with the notch in the weld
metal. Each specimen shall beceriented so that the
notch is normal to the surface of the material, and one
face of the specimen shallbe within % in. (1.6 mm)
of the surface of the material. When tests are made on
material over 1% in.,(38 mm) in thickness, two sets of
impact specimens‘\ghall be taken from the weld, with
one set located within Y4 in. (1.6 mm) of the surface
of one side of\the material, and one set taken as near
as practical ‘midway between the surface and the
center pfthickness of the opposite side as described above.

(b) Omie set of heat-affected zone impact specimens
shall.be taken across the weld and of sufficient length
toTocate, after etching, the notch in the affected zone.
The notch shall be cut approximately normal to the mate-
rial surface in such a manner as to include as much heat-
affected zone material as possible in the resulting fracture.

KT-220 IMPACT TESTS FOR WELDING
PROCEDURE QUALIFICATIONS

Impact tests shall be required on weld and heat-affected
zones for all welding procedure:qualifications.

KT-221 VARIABLES FOR IMPACT TESTING
PROCEDURES

See Section IX, QW-250.

KT-222 THICKNESS QUALIFIED WHEN LOWER
CRITICAL TEMPERATURE IS EXCEEDED

For tést plates or pipe receiving a postweld heat treat-
mentin which the lower critical temperature is exceeded,
theMnaximum thickness qualified is the thickness of the
test plate or pipe.

KT-230 IMPACT TEST OF PRODUCTION TEST
PLATES

Impact tests of welds and heat-affected zones shall be
made in accordance with KT-210 for each qualified
welding procedure used for pressure-retaining welds
(i.e., Category A, B, C, or D) on each vessel. Base material
of production test plates shall be taken from one of the
heats of material used for the vessel production of Cate-
gory A, B, C, or D weld joints.

(a) The production test plates shall be welded as an
extension to the end of the production weld joint
where practical.

(b) Alternatively, the production test plates shall be
welded immediately prior to the start of production or
welded concurrently with the production weld and
following requirements shall be met:

(1) Use welding materials and procedures thatare to
be used on the production joint.

(2) The welding equipment shall be of the same type
as used for production.

(3) The location of the test plate welding shall be
immediately adjacent to the production welding.

(c) Inaddition, the following requirements shall apply:

(1) If automatic or semiautomatic welding is
performed, a test plate shall be made in each position
employed in the vessel welding.
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(2) If manual welding is to be employed in the flat
position only, a test plate shall be made in the flat position.
Avertical test plate with the major portions of the layers of
welds deposited in the vertical upward position shall be
used to qualify the welding procedure when manual welds
are made in any other position. The vertically welded test
plate will qualify the manual welding in all positions.

(3) Impact tests shall be valid only if the thickness of
the vessel test plate meets the requirements of Section IX,
Table QW-451.1, except that, if the thickness is less than

% in. (16 mm), the thickness of the test material shall be
the minimum thickness qualified.

KT-240 BASIS FOR REJECTION

If the vessel test plate fails to meet the impact require-
ments, the welds represented by the test plate shall be
unacceptable. Reheat treatment in accordance with
Part KM and retesting are permitted.
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ARTICLE KT-3
HYDROSTATIC TESTS

KT-300 SCOPE

Each completed vessel shall be subjected to a hydro-
static test pressure which, at every point in the vessel,
is within the range specified in KT-310. Vessels designed
for vacuum conditions do not require an additional
external pressure hydrotest.

KT-301 LAYERED VESSELS

See additional requirements for hydrotest of layered,
and wire-wound vessels in Articles KF-8 and KF-9.

KT-302 NONMETALLIC LINED VESSELS

Vessels which are to be lined with a nonmetallic mate-
rial shall be pressure tested before the application of such
lining.

KT-303 AUTOFRETTAGED VESSELS

Autofrettaged vessels may be exempt from hydrostatic
testing. See KT-340.

KT-304 JACKETED VESSELS

(a) For jacketed portions of vessels where the internal
vessel is designed to operate at atmoSspheric pressure or
vacuum conditions only, the pressane test need only be
applied to the jacket volume. I such cases, the MAWP
shall be set as the differential pressure between the
jacket and the internal vessél for the purposes of deter-
mining the test pressure.

(b) If the jacket is designed to operate under vacuum
conditions, it shall be'subjected to a pressure test in accor-
dance with KT-3,"The internal test pressure shall not be
less than 1.25 times the difference between normal atmo-
spheric pressure and the minimum design internal abso-
lute pressure.

(c)Jfthe jacket is designed to operate under both pres-
suré and vacuum conditions, then it shall be tested at the
greater of the pressures determined in accordance with

(a) or (b).
KT-305 COMBINATION UNITS

(a) Independent Pressure Chambers. Pressure cham-
bers of combination units that have been designed to
operate independently shall be hydrostatically tested
as separate vessels; that is, each chamber shall be

tested without pressure in the adjacent chamber. If the
common elements of a combination unit\are designed
for a larger differential design pressure than the
higher maximum allowable working pressure to be
marked on the adjacent chambers, the hydrostatic test
shall subject the common gle¢ments to at least their
design differential pressure, corrected for temperature
as described in KT-311,as\well as meet the requirements
in KT-310 for each independent chamber.

(b) Dependent \Pressure Chambers. When pressure
chambers of combination units have their common
elements designed for the maximum differential pressure
that can-pessibly occur during startup, operation
(including upset conditions) and shutdown, and the differ-
entjalpressure is less than the higher pressure in the adja-
cent chambers, then the common elements shall be
subjected to a hydrostatic test pressure calculated
tsing KT-3111 where the MAWP is the differential pres-
sure to be marked on the unit.

(1) Following the test of common elements as
required in (a), and their inspection, the adjacent cham-
bers shall be simultaneously tested at the test pressure
required for internal pressure. Care must be taken to
limit the differential pressure between the chambers to
the pressure used when testing common elements.

(2) Thevessel stamping and vessel Data Report shall
describe the common elements and their limiting differ-
ential pressure.

KT-310 LIMITS OF HYDROSTATIC TEST
PRESSURE

KT-311 LOWER LIMIT

The test pressure shall not be less than 1.25 times the
design pressure to be marked on the vessel, multiplied by
the lowest ratio (for materials of which the vessel is
constructed, excluding bolting materials) of the specified
yield strength value S, for the test temperature of the
vessel to the specified yield strength value S, for the
design temperature.

KT-312 UPPER LIMIT

Except for the provision in KT-312.4, the test pressure
shall not exceed the limits in KT-312.1 through KT-312.3,
as applicable. The designer is cautioned that hydrostatic

(25)
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pressure corresponding to design pressure calculated
using eqgs. (KD-221.1) through (KD-221.6), as applicable,
may result in through-thickness yielding and excessive
component distortion when the ratio of hydrostatic
test pressure to design pressure is greater than 1.25.
The designer should use caution that the suitability
and integrity of non-cylindrical vessels, end closures,
and all other components of the pressure boundary
are not adversely affected by the application of the
hydrotest pressure (see 9-100 and KT-312.3).

KT-312.1 For Single Wall Vessels. Open-end cylin-
drical shell for Y < 2.85:

P = 3732K,4(S, ) (Y0'268 - 1)

Closed-end cylindrical shell and open-end cylindrical
shell for Y > 2.85:

P = L155K (S, )In(Y)

The definitions of open-end and closed-end are shown

in KD-221.
Sphere:
By = 2K, (S, )in(Y)
where
D, = outside diameter
D; = inside diameter
K,. = hydrostatic test pressure upper limit factor
= 0.95 for S,/S, < 0.7
= 1.244 - 0.42(S,/S,) for 0.7 < 5,/5,, < 09
= 0.866 for S,/S, > 0.9
S. = specified tensile strength at test temperature
S, = specified yield strength at test temperature
Y = Dy/D; diameter ratio

(25)  KT-312.2 For Layered Vessels. Open-end cylindrical

shell for Y < 2.85:

n

B= ) 3737K,(Sy) (Y]QZéS ~ 1)
j=t

Closed-end.cylindrical shell and open-end cylindrical
shell for Y& 2.85:

n
= Y 1155K,4 (S, )in(Y;)
j=1

Sphere:
n
=Y 2Ky(8y)in(Y))
j=1
where S, Sy;, and Y; are the specified tensile strength at

test temperature, specified yield strength, and diameter
ratio for each individual layer. K,.; is the hydrostatic test
pressure upper limit factor for each individual layer
obtained by equations for K,, in KT-312.1 by giving
S,i/S; instead of S,/S,,.

KT-312.3 For Noncylindrical Vessel, EndClosure, and
Other Components. The upper limit shall be verified by
elastic analysis or elastic-plastic analysis:

(a) Elastic Analysis

B, < Ky,

(1) For P, < 0.675,

Bt Py < (15K,4) S,

(2) For 0.67S, < Py, < KuS,

Byt Py <[ (15K, + 1), — 158,

(b) Elastic-Plastic Analysis. The elastic-plastic analysis
shallbe conducted to determine the upper limit of hydro-
Static test pressure in accordance with KD-236. This
procedure may be used for the cylindrical shell instead
of those in KT-312.1 through KT-312.3.

KT-312.4 Pressures beyond Code Limit. If the hydro-
static test pressure exceeds the value determined as
prescribed in KT-312.1 through KT-312.3, as applicable,
the suitability and integrity of the vessel shall be evaluated
by the Designer and the results of this evaluation shall be
included in the Manufacturer’s Design Report (see
KD-236).

KT-320 FLUID MEDIA FOR HYDROSTATIC
TESTS'*

Only fluid which is liquid at the hydrotest temperature
and pressure and is not corrosive to the vessel parts shall
be used for the hydrostatic test. The Manufacturer shall
consider the effect of increase in fluid viscosity with pres-
sure. To minimize the risk of brittle fracture, the test
temperature shall be a minimum of 30°F (17°C) higher
than the material impact test temperature, but below
the boiling point of the pressurized fluid. The test pressure
shall not be applied until the vessel and the pressurizing
fluid are within 10°F (5.6°C) of each other.
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KT-330 TEST PROCEDURE

(a) The test pressure shall be increased in increments
of not more than 20% of the test pressure. The pressure
shall be stabilized at each increment and maintained
without the aid of the pump. If the pressure drops
more than 5% at any increment, the pressure shall be
released to a safe level. Following the release of the hydro-
static test pressure to a safe level, examination for leakage
shall be made of all joints, connections, and regions of high
stress, such as head knuckles, regions around openings,
and thickness transition sections. The examination shall
be made immediately after pressure is released and shall
be witnessed by the Inspector. Any evidence of leaks shall
be investigated and leaks corrected, after which the vessel
shall be retested in accordance with these requirements.

(b) After the test pressure has been maintained
without the aid of the pump for a minimum of 5 min,
the pressure shall be reduced to the design pressure. A
thorough inspection for leakage shall be conducted in
accordance with (a). If no leaks are found or if leaks
are found to be from a fitting or other attachment, external
to the vessel itself, the test may be accepted as satisfactory.

KT-340 EXEMPTION FOR AUTOFRETTAGED
VESSELS

Autofrettaged vessels may be exempt from hydrostatic
testing if all the following conditions are met:

(a) the vessel, when autofrettaged, is in its final
assembled form

(b) no access ports or nozzles will be cut or attached
after the autofrettage

(c) the heads, closures, seal carriers, or other sealing
members but not necessarily the seals that will be used in
the completed vessel are used as sealing members during
the autofrettage process

(d) the autofrettage pressure equals or exceeds the re}
quirements of KT-311 as limited by KT-312

KT-350 ADDITIONAL REQUIREMENTS FOR
IMPULSIVELY LOADED VESSELS

KT-351 HYDROSTATIC TEST

For impulsively loaded vessels,.the hydrostatic pres-
sure shall be as determined jin‘accordance with KT-310
using the design basis quasi-static pressure (QSP).

KT-352 DYNAMIC TEST

(a) For multiple-event detonation vessels, a dynamic
(i.e., impulsive) test shall be conducted at 125% of the
design basig\intpulse loading for the worst case opera-
tional load' combination resulting at the limiting
section‘of the vessel.

(b) Single-event detonation vessels are exempt from
the)dynamic test, provided that a representative vessel
from the same material lot is tested in accordance
with (a).
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ARTICLE KT-4
PRESSURE TEST GAGES AND TRANSDUCERS

KT-400 TYPE AND NUMBER OF GAGES OR
TRANSDUCERS

At least two pressure test gages or transducers shall be
used in testing high pressure vessels. All pressure gages
and transducer readouts shall be readily visible to the
operator controlling the pressure applied.

KT-410 PRESSURE RANGE OF TEST GAGES
AND TRANSDUCERS

Dial reading pressure gages used in testing shall have
dials graduated over a range of not less than 1.5 and not
greater than 4 times the pressure being tested. The trans-

ducers used shall have a range not less than 1.5 times and
not greater than 4 times the pressure being tésted.

KT-420 CALIBRATION OF TEST'GAGES AND
TRANSDUCERS

All gages or transducers shall bé calibrated against a
standard deadweight tester Or. @ calibrated master gage
at least every 6 months éryat any time there is reason
to believe that they are‘ifi-error.
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ARTICLE KT-5
ADDITIONAL TESTING REQUIREMENTS FOR COMPOSITE
REINFORCED PRESSURE VESSELS (CRPV)

KT-500 RESPONSIBILITY

The Manufacturer completing a CRPV or vessel part
shall be responsible for conducting the tests required
by this Division.

KT-510 TESTING REQUIREMENTS

Each CRPV shall be subjected to the tests required by
this paragraph and shall conform to the specified require-
ments, with results recorded on Production Test Reports.

(a) Hydrostatic Test.For vessels to be installed ata fixed
location, a hydrostatic test to a pressure at least 1.25 times
the design pressure shall be performed on each CRPV. For
vessels to be used in transport service, a hydrostatic test to
a pressure at least 1.25 times the design pressure or 1.5

times the service or working pressuré;whichever is
greater, shall be performed on each CRPV, see KT-310.
This test may be combined with any hydrostatic pressur-
ization procedure used to proyvide a prestress in the in-
dividual layers. The hydrostatic test shall be performed.
The CRPV Production TestReport shall become part of the
Manufacturer’s Constfuction Records.

(b) Volumetric Expansion Test. A volumetric expansion
test shall be performed on every CRPV in accordance with
the requirementsof the Laminate Procedure Specification
Qualification,'see KF-1212(b)(1). The results of these tests
shall notdiffer by more than 5% from the values recorded
in the 'original Qualification Test Report and Laminate
Procedure Specification after correcting for any variance
in\material properties.
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PART KS
MARKING, STAMPING, REPORTS, AND
RECORDS

ARTICLE KS-1
CONTENTS AND METHOD OF STAMPING

KS-100 REQUIRED MARKING FOR VESSELS

(a) Each pressure vessel to which the Certification
Mark with U3 Designator is applied shall be marked
with the following:

(1) The official Certification Mark with U3 Desig-
nator, as shown in Figure KS-100, shall be stamped on
vessels certified in accordance with this Division.

(2) Name or identifying acronym of Manufacturer of
the pressure vessel as it is shown on the Certificate of
Authorization, preceded by “Certified by.” Trademark is
not considered to be sufficient identification for vessels
or parts constructed to this Division.

(3) Manufacturer’s serial number (MFG SER).,Also,
as applicable, Canadian Registration Number~ERN),
National Board Registration Number (NB or NATL BD).

(4) Design pressure at coincident design metal
temperature. When a vessel is specifiedto operate at
more than one pressure and temperature condition,
such values of coincident pressure and design tempera-
ture shall be added to the requireéd* markings.

(5) Minimum design metal-temperature in accor-
dance with KG-311.4(c).

(6) Year built.

(7) Construction_type:

Figure KS-100
Official New Certification Mark to Denote the American
Society of Mechanical Engineers’ Standard

us

CR = composite reinforced pressure vessel
construction
F = forged
HT = heat treated
M = monobloc (solid wall)
PHT = partially heat treated
PS_= prestressed (autofrettaged or shrink fitted)
UQT= quenched and tempered
W = welded
WL = welded layered
WW = wire wound

(8) When examination of the welds is done using UT
inaccordance with KE-301, the nameplate shall be marked
under the Certification Mark and Designator by applying
UT, to indicate ultrasonic examination of welded seams
required to be examined in accordance with this Division.

(b) Except for bolting, removable pressure parts shall
be permanently marked with a serial number or other
identifying mark such that the pressure parts can be
traced to the vessel assembly.

KS-101 METHODS OF MARKING VESSELS WITH
TWO OR MORE INDEPENDENT CHAMBERS

One of the following arrangements shall be used in
marking vessels having two or more independent pres-
sure chambers designed for the same or different oper-
ating conditions. Each detachable chamber shall be
marked to identify it positively with the combined unit.

KS-101.1 If Markings Are Grouped in One Location.
The markings may be grouped in one location on the
vessel provided they are arranged to indicate clearly
the data applicable to each chamber, including the
maximum differential pressure for the common elements,
when this pressure is less than the higher pressure in the
adjacent chambers.
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KS-101.2 If Each Independent Chamber Is Marked.
The complete required marking may be applied to
each independent pressure chamber, provided additional
marking, such as name of principal chamber (e.g., process
chamber, jacket, tubes) is used to indicate clearly to which
chamber the data apply.

KS-102 MARKING OF IMPULSIVELY LOADED
VESSELS

Impulsively loaded vessel marking shall follow
KS-100(a) using the QSP as the design pressure. In addi-
tion, the vessel shall be marked with

(a) the central equivalent impulsive load (CEIL) which
may be expressed as the maximum allowable TNT-equiva-
lent spherical explosive charge weight with its center
placed at a distance of at least the vessel inside radius
from any vessel boundary, or

(b) the design basis impulse loading (DBIL) which may
be expressed as the TNT-equivalent explosive charge for
the limiting configuration as given in the User’s Design
Specification. Limitations on the placement of the
charge(s) should be defined in that document and
should also be in the Manufacturer's Design Report

KS-110 APPLICATION OF CERTIFICATION
MARK

The Certification Mark with U3 Designator shall be
applied by the Manufacturer only with the approval,of
the Inspector, and after the hydrostatic test has beensatis-
factorily made and all other required inspection and
testing have been satisfactorily completed. Stich applica-
tion of the Certification Mark with U3 Desighator, together
with final certification in accordance with'the rules of this
Division, shall confirm that all applicable' requirements of
this Division and the User’s Design Spécification have been
fulfilled.

KS-120 PART MARKING

(a) See below.

(1) Parts of pressure vessels for which Partial Data
Reports with @ nameplate or stamping are required shall
be marked by the Parts Manufacturer with the following:

(“a)\the Certification Mark with appropriate
Designator shown in Figure KS-100 above the word
“PART

(-b) the name of the manufacturer of the part,
preceded by the words “Certified by”

(-c) the manufacturer’s serial number assigned to
the part

(-d) design pressure(s) and coincident design
metal temperature(s) [see KG-311.4(a) and KG-311.4(b)]

(-e) minimum design metal temperature at the
maximum design pressure

Parts may be stamped with the Certification Mark
without being pressure tested prior to shipment. If
testing was not performed, this shall be indicated in
the Remarks section of the K-2 Manufacturer's Partial
Data Reports. (See Nonmandatory Appendix A Form K-2.)

(2) No accessory or part of a pressure vessel may be
marked “ASME” or “ASME Std.” unless so specified in thi$
Division.

(b) The requirements for part marking in accérdance
with (a)(1)(-d) and (a)(1)(-e) do not apply for{parts for
which the Parts Manufacturer does not prepare a Manu-
facturer’s Design Report. When pressure part weldments
are supplied to the vessel Manufacturer by a subcon-
tractor that possesses a certificate _of authorization for
a Certification Mark with U,er<U2 Designator [see
KG-420(c)], and the subcontrdetor submits to the Manu-
facturer Partial Data Repafts, Form U-2, U-2A, or A-2, as
appropriate.

KS-130 APPLICATION OF MARKINGS

Markings réquired in KS-100 through KS-120 shall be
applied by _ene of the following methods.

KS-130!1 Nameplate. A separate corrosion-resistant
nameplate, atleast 0.02 in. (0.5 mm) thick, shall be perma-
riently attached to the vessel or to an intervening support
bracket. The attachment weld to the vessel shall not
adversely affect the integrity of the vessel. Attachment
by welding shall not be permitted on materials enhanced
by heat treatment or on vessels that have been
prestressed.

(a) Only the Certification Mark need be stamped on the
nameplate.

(b) All other data may be stamped, etched, or engraved
on the nameplate. See KS-132.

KS-130.2 Directly on Vessel Shell. Markings shall be
stamped, with low stress type stamps, directly on the
vessel, located on an area designated as a low stress
area by the Designer (see KG-330) in the Manufacturer’s
Design Report (see KG-323). Markings made directly on
the vessel shall not be made by the electro-etch method.

KS-130.3 Permanently Attached Tag. When the
surface area of small parts is too small to permit the attach-
ment of a nameplate or bracket, or by stamping directly on
the part, the required markings shall be located on a
permanently attached tag, subject to the prior agreement
of the Inspector and the User. The method of attachment
shall be described in the Manufacturer’s Design Report
and traceable to the Form K-2 Manufacturer’s Partial
Data Report. Such marking shall be of a type that will
remain visible until the parts are installed. The Certifica-
tion Mark is not required.

KS-130.4 Adhesive Attachment. Nameplates may be
attached with pressure-sensitive acrylic adhesive
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Figure KS-132
Form of Stamping

Certified by

(Name of Manufacturer

at
(Design (Coincident
U3 pressure) design metal
temperature)

Letters denoting
construction type
[see paras.
KKS-100 and
KS-120(a)]l

(Min. design metal temperature)

(Manufacturer’s serial number)

(Year built)

KS-131 DUPLICATE NAMEPLATE

A duplicate nameplate may be attached on the support,
jacket, or other permanent attachment to the vessel. All
data on the duplicate nameplate, including the Certifica-
tion Mark with U3 Designator, shall be cast, etched,
engraved, or stamped. This marking need not be
witnessed by the Inspector. The duplicate nameplate
shall be marked “DUPLICATE.” The use of duplicate name-
plates, and the marking of the Certification Mark on the
duplicate nameplate, shall be controlled as describedcin
the Manufacturer’s Quality Control System.

KS-132 SIZE AND ARRANGEMENTS OF
CHARACTERS

(a) The data shall be in characters.ndtless than % in.
(8 mm) high and shall be arranged substantially as shown
in Figure KS-132.

(b) Where space limitations do not permit the require-
ments of (a) to be met, such as for parts with outside
diameters of 3% in. (90 mm) or smaller, the required char-
acter size to be stamped directly on the vessel may be Y4 in.
(3.2 mm).

(c) The parenthetical supporting information below
the data lines in Figure KS-132 may be added as
shown in the figure to the nameplate information fof:
clarity. This parenthetical information may be either
stamped, etched, or engraved. The characters mdy-be
smaller than other stamped information, butsnot less
than % in. (3.2 mm). These markings shall be’applied
with low stress-type stamps if applied directly to the
vessel shell.

KS-140 ATTACHMENT OF NAMEPLATE OR
TAG

If all or part of the data‘ismarked on the nameplate or
tag before it is attached\to the vessel, the Manufacturer
shall ensure that the'nrameplate with the correct marking
has been attached\to the vessel to which it applies as
described in~the Manufacturer's Quality Control
System. The(Inspector shall verify that this has been done.

KS-150 SPECIAL STAMPING REQUIREMENTS
FOR COMPOSITE REINFORCED
PRESSURE VESSELS (CRPV)

(a) The year of vessel expiration shall be shown on the
Manufacturer’s Data Report and the CRPV nameplate.

(b) Nameplates may be attached to a metallic head or to
the composite reinforcement portion of the vessel. Name-
plates attached to the composite reinforcement portion of
the vessel shall be attached in accordance with the re-
quirements of Section X, RS-130.

(c) For CRPV in transport service, a supplementary
nameplate shall be affixed to the CRPV in the immediate
vicinity of the connection that will be used for filling that
shows the service or the working pressure.

268


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2025.pdf

	TABLE OF CONTENTS
	LIST OF SECTIONS
	FOREWORD
	STATEMENT OF POLICY ON THE USE OF THE ASME SINGLE CERTIFICATION MARK AND CODE AUTHORIZATION IN ADVERTISING
	STATEMENT OF POLICY ON THE USE OF ASME MARKING TO IDENTIFY MANUFACTURED ITEMS
	Personnel
	Correspondence With the Committee
	SUMMARY OF CHANGES
	Cross-Referencing in the ASME BPVC
	Part KG General Requirements
	Article KG-1 Scope and Jurisdiction
	KG-100 Scope
	KG-101 Intent
	KG-102 Description
	KG-103 Laws or Regulations
	KG-104 Location

	KG-110 Geometric Scope of This Division
	KG-111 External Piping and Jackets
	KG-112 Internal Pressure Piping
	KG-113 Nonpressure Parts
	KG-114 Covers and Closures
	KG-115 Instrument Connections
	KG-116 Overpressure Protection
	KG-117 Combination Units

	KG-120 Classifications Outside the Scope of This Division
	KG-121 Stamping of Pressure-Containing Components Outside the Scope of This Division

	KG-130 Assembly and Testing of Vessels at Field or Intermediate Sites
	KG-140 Standards Referenced by This Division
	KG-141 Sections of the ASME Code
	KG-142 Standard Parts

	KG-150 Units of Measurement
	KG-160 Tolerances

	Article KG-2 Organization of This Division
	KG-200 Organization
	KG-210 Parts of this Division
	KG-220 Appendices
	KG-221 Mandatory
	KG-222 Nonmandatory

	KG-230 Articles and Paragraphs
	KG-231 Articles.
	KG-232 Paragraphs and Subparagraphs.

	KG-240 References
	KG-250 Terms and Definitions

	Article KG-3 Responsibilities and Duties
	KG-300 General
	KG-310 User’s Responsibility
	KG-311 User’s Design Specification

	KG-320 Manufacturer’s Responsibility
	KG-321 Structural and Pressure-Retaining Integrity
	KG-322 Code Compliance
	KG-323 Manufacturer’s Design Report
	KG-324 Certification of Manufacturer’s Design Report
	KG-325 Manufacturer’s Construction Records (MCR)

	KG-330 Designer

	Article KG-4 General Rules for Inspection
	KG-400 General Requirements for Inspection and Examination
	KG-410 Manufacturer’s Responsibilities
	KG-411 Inspection Contract
	KG-412 Certification
	KG-413 Provisions for Inspection
	KG-414 Documentation Furnished to Inspector

	KG-420 Certification of Subcontracted Services
	KG-430 The Inspector
	KG-431 Identification of Inspector
	KG-432 Inspector Qualification
	KG-433 Monitor Quality Control System
	KG-434 Maintenance of Records

	KG-440 Inspector’s Duties

	Article KG-5 Additional General Requirements for Composite Reinforced Pressure Vessels (CRPV)
	KG-500 General Requirements
	KG-510 Scope
	KG-511 Metallic Layer
	KG-512 Service Life
	KG-513 Application Specific Tests and Other Requirements
	KG-514 Upper Limit of Design Pressure
	KG-515 Service Pressure and Working Pressure
	KG-516 Protective Layer
	KG-517 Requirements for Cyclic Pressure Qualification Test
	KG-518 Laminate Tensile Strength and Elastic Modulus

	KG-520 Supplemental General Requirements for CRPV
	KG-521 Requirements for CRPV Used in Transport Service
	KG-522 Supplementary Manufacturer’s Responsibilities


	Article KG-6 Additional General Requirements for Impulsively Loaded Vessels
	KG-600 General Requirements
	KG-610 Scope
	KG-611 Construction Rules
	KG-612 Materials and Combinations of Materials
	KG-613 Overpressure Protection
	KG-614 Loadings



	Part KM Material Requirements
	Article KM-1 General Requirements
	KM-100 Materials Permitted
	KM-101 Certification by Materials Manufacturer 
	KM-102 Prefabricated or Preformed Pressure Parts Furnished Without a Certification Mark
	KM-103 Base Material for Integral Cladding, Weld Metal Overlay, and Other Protective Linings
	KM-104 Integral Cladding and Weld Metal Overlay Material
	KM-105 Protective Liner Material 
	KM-106 Repetition of Specified Examinations, Tests, or Heat Treatments


	Article KM-2 Mechanical Property Test Requirements for Metals 
	KM-200 General Requirements
	KM-201 Definition of Thickness 

	KM-210 Procedure for Obtaining Test Specimens and Coupons
	KM-211 Product Forms
	KM-212 Charpy Impact Specimens
	KM-213 Fracture Toughness Specimens 

	KM-220 Procedure for Heat Treating Separate Test Specimens 
	KM-230 Mechanical Testing Requirements
	KM-231 Number of Test Specimens Required
	KM-232 Tensile Test Procedure
	KM-233 Impact Test Procedure 
	KM-234 Charpy V-Notch Impact Test Requirements 

	KM-240 Heat Treatment Certification/Verification Tests for Fabricated Components
	KM-241 Certification Test Procedure 
	KM-242 Tempering 
	KM-243 Number of Tests

	KM-250 Additional Toughness Requirements for Pressure-Retaining Component Materials 
	KM-251 Charpy V-Notch Impact Testing 
	KM-252 CTOD Fracture Toughness Testing
	KM-253 J-Integral Fracture Toughness Testing
	KM-254 KIc Fracture Toughness Testing

	KM-260 Retests
	KM-261 General Retest Requirements
	KM-262 Special Charpy V-Notch Impact Retest Requirements

	KM-270 Notch Tensile Testing Procedure and Acceptance Criterion

	Article KM-3 Supplementary Requirements for Bolting
	KM-300 Requirements for All Bolting Materials
	KM-301 Scope
	KM-302 Material Specifications and Yield Strength Values
	KM-303 Examination of Bolts, Studs, and Nuts
	KM-304 Threading and Machining of Studs
	KM-305 Use of Washers 
	KM-306 Materials for Nuts and Washers 
	KM-307 Requirements for Nuts


	Article KM-4 Material Design Data
	KM-400 Contents of Tables of Material Design Data

	Article KM-5 Requirements for Laminate Materials
	Article KM-6 Analytical Material Models
	KM-600 Scope
	KM-610 Ideally Elastic–Plastic (Non-Strain Hardening) Material Model
	KM-620 Elastic–Plastic Stress–Strain Curve Model
	KM-630 Cyclic Stress–Strain Curve

	Article KM-7 Rules for Covers on Impulsively Loaded Vessels
	KM-700 General

	Article KM-8 Rules For Castings For Impulsively Loaded Vessels
	KM-800 General


	Part KD Design Requirements
	Article KD-1 General
	KD-100 Scope
	KD-101 Materials and Combinations of Materials
	KD-102 Types of Construction
	KD-103 Protective Liners
	KD-104 Corrosion Allowance in Design Formulas

	KD-110 Loadings 
	KD-111 Limits of Test Pressure 
	KD-112 Basis for Design Temperature 
	KD-113 Upset Conditions
	KD-114 Environmental Effects 

	KD-120 Design Basis 
	KD-121 Relevant Failure Modes 

	KD-130 Design Criteria
	KD-131 Yield Stress Theories 
	KD-132 Residual Stress
	KD-133 Openings and Closures

	KD-140 Fatigue Evaluation 
	KD-141 Leak-Before-Burst Mode of Failure


	Article KD-2 Basic Design Requirements
	KD-200 Scope
	KD-210 Terms Relating to Stress Analysis
	KD-220 Equations for Cylindrical and Spherical Shells 
	KD-221 Shells Under Internal Pressure
	KD-222 Shells Under External Pressure 

	KD-230 Elastic–Plastic Analysis
	KD-231 Elastic–Plastic Analysis Method
	KD-232 Protection Against Local Failure
	KD-233 Protection Against Buckling Collapse
	KD-234 Ratcheting Assessment Elastic–Plastic Stress Analysis
	KD-235 Additional Requirements for Elastic–Plastic Analysis
	KD-236 Hydrostatic Test Criteria
	KD-237 Floating Transporter (Ship) Loads

	KD-240 Additional Requirements for Impulsively Loaded Vessels

	Article KD-3 Fatigue Evaluation
	KD-300 Scope
	KD-301 General
	KD-302 Theory

	KD-310 Stress Analysis for Fatigue Evaluation
	KD-311 Loading Conditions and Residual Stresses
	KD-312 Calculation of Fatigue Stresses When Principal Stress Directions Do Not Change 
	KD-313 Calculation of Fatigue Stresses When Principal Stress Axes Change

	KD-320 Calculated Number of Design Cycles 
	KD-321 Basis for Design Fatigue Curves
	KD-322 Use of Design Fatigue Curve
	KD-323 Alternative Method for Evaluating the Fatigue Penalty Factor, Ke

	KD-330 Calculated Cumulative Effect Number of Design Cycles
	KD-340 Fatigue Assessment of Welds — Elastic Analysis and Structural Stress
	KD-341 Assessment Procedure
	KD-342 Assessment Procedure Modifications

	KD-350 Histogram Development and Cycle Counting for Fatigue Analysis
	KD-351 Definitions
	KD-352 Histogram Development
	KD-353 Cycle Counting Using the Rainflow Method
	KD-354 Cycle Counting Using Max-Min Cycle Counting Method

	KD-370 Welded Joint Design Fatigue Curves
	KD-371 Fatigue Curve Materials
	KD-372 Design Cycle Computation


	Article KD-4 Fracture Mechanics Evaluation
	KD-400 Scope
	KD-401 General

	KD-410 Crack Size Criteria
	KD-411 Assumed Initial Crack Size
	KD-412 Allowable Final Crack Size

	KD-420 Stress Intensity Factor KI Calculation
	KD-430 Calculation of Crack Growth Rates
	KD-440 Calculated Number of Design Cycles
	KD-450 Alternative Methods For Generation of Weld Flaw Size Acceptance Criteria
	KD-451 Acceptance Criteria Table


	Article KD-5 Design Using Autofrettage
	KD-500 Scope
	KD-501 Theory
	KD-502 Nomenclature

	KD-510 Limits on Autofrettage Pressure
	KD-520 Calculation of Residual Stresses 
	KD-521 Calculation of the Elastic–Plastic Interface Diameter
	KD-522 Residual Stresses Between Bore and Elastic–Plastic Interface
	KD-523 Residual Stresses Between Elastic–Plastic Interface and Outside Diameter

	KD-530 Design Calculations

	Article KD-6 Design Requirements for Closures, Integral Heads, Threaded Fasteners, and Seals 
	KD-600 Scope
	KD-601 General

	KD-620 Threaded Fasteners and Components 
	KD-621 Elastic–Plastic Basis
	KD-622 Fatigue and Fracture Mechanics Analysis
	KD-623 Linear Elastic Basis
	KD-624 Threading and Machining of Studs
	KD-625 Special Threads and Proprietary Joints

	KD-630 Load-Carrying Shell With Single Threaded End Closures
	KD-631 Stresses in Vessel at Threads
	KD-634 Special Closures and Materials

	KD-640 Integral Heads 
	KD-650 Quick-Actuating Closures
	KD-651 General Design Requirements
	KD-652 Specific Design Requirements
	KD-653 Required Pressure-Indicating Devices

	KD-660 Requirements for Closures and Seals
	KD-661 Requirements for Closures
	KD-662 Requirements for Sealing Elements


	Article KD-7 Design Requirements for Attachments, Supports, and External Heating and Cooling Jackets
	KD-700 General Requirements
	KD-710 Materials for Attachments
	KD-711 Attachments to Pressure Parts
	KD-712 Minor Attachments

	KD-720 Welds Attaching Nonpressure Parts to Pressure Parts 
	KD-721 Location Restrictions
	KD-722 Types of Attachment Welds 
	KD-723 Stress Values for Weld Materials
	KD-724 Attachment Welds — Fatigue Analysis 

	KD-730 Design of Attachments
	KD-740 Design of Supports 
	KD-750 Jacketed Vessels

	Article KD-8 Special Design Requirements for Layered Vessels
	KD-800 General
	KD-801 Design Criteria
	KD-802 Nomenclature

	KD-810 Rules for Shrink-Fit Layered Vessels 
	KD-811 Construction With Only Two Layers
	KD-812 Construction With More Than Two Layers

	KD-820 Rules for Concentrically Wrapped and Welded Layered Vessels
	KD-821 Welded Layers
	KD-822 Circumferential Expansion of Cylindrical Layers
	KD-823 Calculation of Stresses in Cylindrical Shells
	KD-824 Circumferential Expansion of Welded Layered Spherical Shells and Hemispherical Heads
	KD-825 Calculated Layer Stress in Spherical Shells and Hemispherical Heads Due to Internal Pressure

	KD-830 Design of Welded Joints
	KD-840 Openings and Their Reinforcement
	KD-850 Supports

	Article KD-9 Special Design Requirements for Wire-Wound Vessels and Wire-Wound Frames
	KD-900 Scope
	KD-910 Stress Analysis
	KD-911 Residual Stresses and Deflections in Cylinders Due to Flat Wire Winding
	KD-912 Stress in Wire-Wound Frames

	KD-920 Stress Limits
	KD-921 Diameter Ratio of Vessel Wall
	KD-922 Equivalent Stress Limits for Inner Cylinder(s) and Wire
	KD-923 Minimum Level of Prestressing of Frames Made From Columns and Yokes

	KD-930 Fatigue Evaluation
	KD-931 General
	KD-932 Derivation of a Design Fatigue Curve for Wire
	KD-933 Calculation of Design Fatigue Life of Winding


	Article KD-10 Special Requirements for Vessels in Hydrogen Service
	KD-1000 Scope
	KD-1001 Limitations
	KD-1002 Terminology
	KD-1003 User’s Design Specification

	KD-1010 Fatigue Life Evaluation Using Fracture Mechanics
	KD-1020 Fracture Mechanics Properties
	KD-1021 Plane-Strain Fracture Toughness, KIc
	KD-1022 Qualification Tests for Threshold Stress Intensity Factor for Hydrogen-Assisted Cracking, KIH
	KD-1023 Fatigue-Crack-Growth Rate, da/dN
	KD-1024 Use of Test Data for Other Materials 

	KD-1040 Test Method for KIH Determination
	KD-1041 General
	KD-1042 Terminology
	KD-1043 Specimen Configurations and Numbers of Tests
	KD-1044 Fatigue Precracking
	KD-1045 Specimen Testing Procedure
	KD-1046 Test Procedure
	KD-1047 Crack Growth Examination
	KD-1048 Vessel Material Qualification
	KD-1049 Report

	KD-1050 Fatigue Crack Growth Rate Tests
	KD-1051 Fatigue Crack Growth Rate Test Method
	KD-1052 Fatigue Crack Growth Rate Testing
	KD-1053 Specimen Configurations and Numbers of Tests
	KD-1054 Test Procedure
	KD-1055 Test Frequency
	KD-1056 R-Ratio
	KD-1057 da/dN Data
	KD-1058 Data Report


	Article KD-11 Design Requirements for Welded Vessels
	KD-1100 Scope
	KD-1101 General Requirements for Welded Vessels

	KD-1110 Types of Joints Permitted 
	KD-1111 Transition Butt Joints
	KD-1112 Forged Flat Heads With Hubs for Butt Joints
	KD-1113 Corner Welds 

	KD-1120 Transition Joints Between Sections of Unequal Thickness 
	KD-1121 Shell and Head Joints
	KD-1122 Nozzle Neck to Piping Joints

	KD-1130 Nozzle Attachments
	KD-1131 Nozzle Attachments to Vessel Surfaces
	KD-1132 Nozzle Reinforcement


	Article KD-12 Experimental Design Verification
	KD-1200 General Requirements
	KD-1201 When Experimental Stress Analysis Is Required
	KD-1202 When Reevaluation Is Not Required
	KD-1203 Discounting of Corrosion Allowance, Etcetera
	KD-1204 Inspection and Reports

	KD-1210 Types of Tests
	KD-1211 Tests for Determination of Governing Stresses
	KD-1212 Tests for Determination of Collapse Pressure CP
	KD-1213 Fatigue Tests

	KD-1220 Strain Measurement Test Procedure
	KD-1221 Requirements for Strain Gages
	KD-1222 Use of Models for Strain or Distortion Measurements

	KD-1230 Photoelastic Test Procedure
	KD-1240 Test Procedures
	KD-1241 Location of Test Gages
	KD-1242 Requirements for Pressure Gages and Transducers
	KD-1243 Application of Pressure or Load

	KD-1250 Interpretation of Results
	KD-1251 Interpretation to Be on Elastic Basis
	KD-1252 Required Extent of Stress Analysis
	KD-1253 Determination of Collapse Pressure, CP
	KD-1254 Determination of Maximum Design Pressure at Room Temperature

	KD-1260 Experimental Determination of Allowable Number of Operating Cycles
	KD-1261 Test Description
	KD-1262 Test Procedure

	KD-1270 Determination of Fatigue Strength Reduction Factors

	Article KD-13 Additional Design Requirements for Composite Reinforced Pressure Vessels (CRPV)
	KD-1300 Scope
	KD-1310 General
	KD-1311 Laminate Procedure Specification
	KD-1312 Maximum Design Temperature
	KD-1313 Minimum Design Temperature
	KD-1314 CRPV Supports
	KD-1315 Longitudinal Reinforcement



	Part KF Fabrication Requirements
	Article KF-1 General Fabrication Requirements
	KF-100 General
	KF-101 Scope

	KF-110 Material
	KF-111 Certification and Examination of Materials
	KF-112 Material Identification 
	KF-113 Repair of Defective Material

	KF-120 Material Forming
	KF-121 Material Preparation

	KF-130 Tolerances for Cylindrical and Spherical Shells and Heads
	KF-131 Cylindrical Shells
	KF-132 Spherical Shells and Formed Heads


	Article KF-2 Supplemental Welding Fabrication Requirements 
	KF-200 General Requirements for All Welds
	KF-201 Welding Processes
	KF-202 Restrictions Based on Carbon Content
	KF-203 Examination of Weld Edge Preparation Surfaces
	KF-204 Final Weld Finish
	KF-205 Identification, Handling, and Storing of Electrodes and Other Welding Materials
	KF-206 Permissible Ambient Conditions During Welding

	KF-210 Welding Qualifications and Records
	KF-211 Manufacturer’s Responsibility
	KF-212 Qualification Test Limitations
	KF-213 Production Welding Prior to Qualification
	KF-214 Qualification of Welding Procedure
	KF-215 Test of Welders and Welding Operators
	KF-216 Maintenance of Qualification and Production Records

	KF-220 Weld Joints Permitted and Their Examination 
	KF-221 Type No. 1 Butt Joints 
	KF-222 Full-Penetration Groove Welds Attaching Nozzles
	KF-223 Type No. 2 Butt Joints
	KF-224 Quality and Examination Requirements for Fillet Welds Used in Combination With Full-Penetration Groove Welds
	KF-225 Liquid Penetrant Examination
	KF-226 Surface Weld Metal Buildup

	KF-230 Requirements During Welding
	KF-231 Preparation of Reverse Side of Double-Welded Joints
	KF-232 Cleaning of Surfaces to Be Welded
	KF-233 Alignment During Welding
	KF-234 Alignment Tolerances for Edges to Be Butt Welded
	KF-235 Precautions to Be Taken When Welding is Restarted
	KF-236 Removal of Temporary Attachments and Arc Strikes
	KF-237 Peening
	KF-238 Identification Markings or Records for Welders and Welding Operators

	KF-240 Repair of Weld Defects
	KF-241 Removal of Defects
	KF-242 Rewelding of Areas to Be Repaired
	KF-243 Examination of Repaired Welds
	KF-244 Postweld Heat Treatment of Repaired Welds
	KF-245 Documentation of Repairs


	Article KF-3 Fabrication Requirements for Materials With Protective Linings
	KF-300 Scope
	KF-301 Types of Joints Permitted
	KF-302 Weld Metal Composition
	KF-303 400 Series Alloy Filler Metals

	KF-310 Qualification of Welding Procedures
	KF-311 Procedure to Be Qualified in Accordance With Section IX
	KF-312 Qualification of Procedure for Attaching Linings
	KF-313 Requirements for Composite Welds

	KF-320 Integrally Clad Materials
	KF-330 Postweld Heat Treatment of Linings
	KF-331 When Base Metal Must Be Postweld Heat Treated
	KF-332 Requirements When Base Metal or Lining Is Chromium-Alloy Steel
	KF-333 Heat Treatment That May Affect Vessel Stress Redistribution

	KF-340 Examination Requirements
	KF-341 Examination of Base Materials Protected by Welded Overlay
	KF-342 Examination of Chromium-Alloy Cladding Overlay

	KF-350 Inspection and Tests
	KF-351 General Requirements
	KF-352 Leak Test of Protective Lining

	KF-360 Stamping and Reports

	Article KF-4 Heat Treatment of Weldments 
	KF-400 Heat Treatment of Weldments
	KF-401 Requirements for Preheating
	KF-402 Requirements for Postweld Heat Treatment

	KF-410 Heating Procedures for Postweld Heat Treatment
	KF-411 Methods of Heating
	KF-412 Heat Treatment That May Affect Vessel Stress Redistribution
	KF-413 Heating and Cooling Rates

	KF-420 Postweld Heat Treatment After Repairs

	Article KF-5 Additional Fabrication Requirements for Autofrettaged Vessels
	KF-500 General
	KF-510 Examination and Repair
	KF-520 Autofrettage Procedures
	KF-521 Documentation of Number of Pressurizations

	KF-530 Examination After Autofrettage
	KF-540 Repair of Defects After Autofrettage
	KF-550 Stamping and Reports

	Article KF-6 Additional Fabrication Requirements for Quenched and Tempered Steels
	KF-600 General
	KF-601 Marking on Plates and Other Materials
	KF-602 Requirements for Heat Treating After Forming
	KF-603 Minimum Thickness After Forming

	KF-610 Welding Requirements
	KF-611 Qualification of Welding Procedures and Welders
	KF-612 Filler Metal
	KF-613 Preparation of Base Metal
	KF-614 Weld Finish
	KF-615 Toughness Requirements for Welds

	KF-620 Temporary Welds Where Not Prohibited
	KF-630 Postweld Heat Treatment 
	KF-640 Examination and Testing
	KF-641 Examination After Heat Treatment
	KF-642 Check of Heat Treatment by Hardness Testing

	KF-650 Stamping and Reports

	Article KF-7 Supplementary Requirements for Materials With Welding Restrictions
	KF-700 Scope
	KF-710 Repair of Defects
	KF-711 Localized Thin Areas
	KF-712 Repair of Defects by Welding

	KF-720 Methods of Forming Forged Heads

	Article KF-8 Specific Fabrication Requirements for Layered Vessels
	KF-800 Scope
	KF-810 Rules for Shrink-Fit Vessels
	KF-811 Fabrication of Individual Layers
	KF-812 Shrink-Fit Process Temperatures
	KF-813 Assembly Procedure and Report
	KF-814 Examination of Vessels With Three or More Layers

	KF-820 Rules for Concentrically Wrapped Welded Layered Vessels
	KF-821 Welding Fabrication Requirements
	KF-822 Welding Procedure Qualification
	KF-823 Welder Performance Qualification
	KF-824 Venting Between Layers
	KF-825 Nondestructive Examination of Welded Joints
	KF-826 Gaps Between Layers
	KF-827 Circumferential Expansion During Hydrotest

	KF-830 Heat Treatment of Weldments

	Article KF-9 Special Fabrication Requirements for Wire-Wound Vessels and Frames
	KF-900 Scope
	KF-910 Fabrication Requirements
	KF-911 Welding Fabrication Requirements
	KF-912 Welded Wire Joints
	KF-913 Winding Procedure Requirements


	Article KF-10 Additional Fabrication Requirements for Aluminum Alloys
	Article KF-11 Additional Fabrication Requirements for Welding Age-Hardening Stainless Steels
	KF-1100 Scope
	KF-1110 Welding Requirements
	KF-1111 Qualification of Weld Procedures and Welders
	KF-1112 Filler Metals

	KF-1120 Base Metal Heat Treatment Condition
	KF-1130 Temporary Welds Where Not Prohibited
	KF-1140 Postweld Heat Treatment
	KF-1150 Production Weld Testing
	KF-1160 Examination and Testing
	KF-1170 Repair Welding
	KF-1180 Postweld Heat Treatment After Weld Repairs

	Article KF-12 Additional Fabrication Requirements for Composite Reinforced Pressure Vessels (CRPV)
	KF-1200 Scope
	KF-1210 Welding
	KF-1211 Final Weld Finish for CRPV
	KF-1212 Laminate Procedure Specification Qualification



	Part KOP Overpressure Protection
	Article KOP-1 General Requirements
	KOP-100 General Requirements
	KOP-110 Definitions
	KOP-120 Responsibilities
	KOP-130 Determination of Pressure-Relieving Requirements
	KOP-140 Overpressure Limits
	KOP-150 Permitted Pressure Relief Devices and Methods
	KOP-151 General
	KOP-152 Rupture Disk Devices
	KOP-153 Pressure Relief Valves
	KOP-154 Combination Devices
	KOP-155 Power-Actuated Pressure Relief Systems
	KOP-156 Overpressure Protection By System Design

	KOP-160 Pressure Settings and Performance Requirements
	KOP-170 Installation
	KOP-171 Size of Openings and Nozzles
	KOP-172 Intervening Stop Valves
	KOP-173 Dual Overpressure Protection


	Article KOP-2 Requirements for Power-Actuated Pressure Relief Systems
	KOP-200 General Requirements
	KOP-201 User Responsibilities
	KOP-202 Manufacturer’s Responsibilities

	KOP-210 System Requirements
	KOP-220 Flow Capacity Testing

	Article KOP-3 Overpressure Protection for Impulsively Loaded Vessels
	KOP-300 General


	Part KE Examination Requirements
	Article KE-1 Requirements for Examination Procedures and Personnel Qualification
	KE-100 General
	KE-101 Radiographic Examination
	KE-102 Ultrasonic Examination 
	KE-103 Magnetic Particle Examination
	KE-104 Liquid Penetrant Examination
	KE-105 Eddy Current Examination
	KE-106 Nondestructive Examination Procedures

	KE-110 Qualification and Certification of Nondestructive Examination Personnel
	KE-111 General
	KE-112 Qualification Procedure 
	KE-113 Certification of Personnel 
	KE-114 Verification of Nondestructive Examination Personnel Certification
	KE-115 Records 


	Article KE-2 Requirements for Examination and Repair of Material
	KE-200 General Requirements
	KE-201 Examination After Quenching and Tempering

	KE-210 General Requirements for Repair of Defects
	KE-211 Elimination of Defects by Blend Grinding 
	KE-212 Repair by Welding
	KE-213 Repairs of Cladding 
	KE-214 Material Report Describing Defects and Repairs

	KE-220 Examination and Repair of Plate
	KE-221 Time of Examination
	KE-222 Examination Procedures for Subsurface Imperfections 
	KE-223 Repair by Welding

	KE-230 Examination and Repair of Forgings and Bars
	KE-231 Time of Examination
	KE-232 Ultrasonic Examination
	KE-233 Surface Examination
	KE-234 Repair by Welding

	KE-240 Examination and Repair of Seamless and Welded (Without Filler Metal) Tubular Products and Fittings
	KE-241 Required Examination 
	KE-242 Ultrasonic Examination
	KE-243 Radiographic Examination 
	KE-244 Eddy Current Examination
	KE-245 Time of Examination
	KE-246 Repair by Welding

	KE-250 Examination and Repair of Tubular Products and Fittings Welded With Filler Metal
	KE-251 Required Examination
	KE-252 Time of Examination
	KE-253 Repair by Welding

	KE-260 Examination of Bolts, Studs, and Nuts
	KE-261 Required Examination
	KE-262 Visual Examination
	KE-263 Magnetic Particle or Liquid Penetrant Examination
	KE-264 Ultrasonic Examination for Sizes Greater than 2 in. (50 mm)
	KE-265 Ultrasonic Examination for Sizes Over 4 in. (100 mm)
	KE-266 Repair by Welding

	KE-270 Examination of Castings
	KE-271 General Requirements
	KE-272 Ultrasonic Examination Requirements
	KE-273 Removal of Flaws


	Article KE-3 Examination of Welds and Acceptance Criteria
	KE-300 Examination of Welds and Weld Overlay
	KE-301 Requirements for Ultrasonic Examinations of Welds
	KE-302 Requirements for Performance Qualification Block

	KE-310 Examination of Weld Edge Preparation Surfaces
	KE-320 Types of Welds and Their Examination
	KE-321 Welded Joint Categories
	KE-322 Weld Joints 
	KE-323 Weld Buildup Deposits at Openings for Nozzles, Branch, and Piping Connections
	KE-324 Attachment Welds 
	KE-325 Welds for Membrane Seals 

	KE-330 Acceptance Standards
	KE-331 General Requirements
	KE-332 Radiographic Acceptance Standards
	KE-333 Ultrasonic Acceptance Standards 
	KE-334 Surface Examination of Welds


	Article KE-4 Final Examination of Vessels
	KE-400 Surface Examination After Hydrotest
	KE-410 Inspection of Lined Vessel Interior After Hydrotest

	Article KE-5 Additional Examination Requirements for Composite Reinforced Pressure Vessels (CRPV)
	KE-500 Scope
	KE-501 Qualification of Nondestructive Examination Personnel for CRPV
	KE-502 Weld Examination
	KE-503 Additional Examination Requirements for CRPV



	Part KT Testing Requirements
	Article KT-1 Testing Requirements
	KT-100 Scope
	KT-110 Requirements for Sample Test Coupons
	KT-111 Obtaining Sample Test Coupons
	KT-112 Heat Treating of Sample Test Coupons
	KT-113 Exception for Standard Pressure Parts


	Article KT-2 Impact Testing for Welded Vessels
	KT-200 Impact Tests
	KT-210 Location and Orientation of Specimens 
	KT-220 Impact Tests for Welding Procedure Qualifications
	KT-221 Variables for Impact Testing Procedures
	KT-222 Thickness Qualified When Lower Critical Temperature Is Exceeded

	KT-230 Impact Test of Production Test Plates 
	KT-240 Basis for Rejection

	Article KT-3 Hydrostatic Tests
	KT-300 Scope
	KT-301 Layered Vessels
	KT-302 Nonmetallic Lined Vessels
	KT-303 Autofrettaged Vessels
	KT-304 Jacketed Vessels
	KT-305 Combination Units

	KT-310 Limits of Hydrostatic Test Pressure
	KT-311 Lower Limit
	KT-312 Upper Limit

	KT-320 Fluid Media for Hydrostatic Tests
	KT-330 Test Procedure
	KT-340 Exemption for Autofrettaged Vessels 
	KT-350 Additional Requirements for Impulsively Loaded Vessels
	KT-351 Hydrostatic Test
	KT-352 Dynamic Test


	Article KT-4 Pressure Test Gages and Transducers
	KT-400 Type and Number of Gages or Transducers
	KT-410 Pressure Range of Test Gages and Transducers
	KT-420 Calibration of Test Gages and Transducers

	Article KT-5 Additional Testing Requirements for Composite Reinforced Pressure Vessels (CRPV)
	KT-500 Responsibility
	KT-510 Testing Requirements


	Part KS Marking, Stamping, Reports, and Records
	Article KS-1 Contents and Method of Stamping 
	KS-100 Required Marking for Vessels 
	KS-101 Methods of Marking Vessels With Two or More Independent Chambers
	KS-102 Marking of Impulsively Loaded Vessels

	KS-110 Application of Certification Mark 
	KS-120 Part Marking
	KS-130 Application of Markings
	KS-131 Duplicate Nameplate
	KS-132 Size and Arrangements of Characters

	KS-140 Attachment of Nameplate or Tag
	KS-150 Special Stamping Requirements for Composite Reinforced Pressure Vessels (CRPV)

	Article KS-2 Obtaining and Using Certification Marks 
	KS-200 Certification Mark Bearing Official Symbol
	KS-210 Application for Certificate of Authorization
	KS-220 Issuance of Authorization 
	KS-230 Designated Oversight
	KS-240 Quality Control System
	KS-250 Evaluation of the Quality Control System
	KS-260 Code Construction Before Receipt of Certificate of Authorization
	KS-270 Special Requirements Regarding Manufacturer's Certificates for Manufacture of Composite Reinforced Pressure Vessels (CRPV)

	Article KS-3 Report Forms and Maintenance of Records
	KS-300 Manufacturer’s Data Reports
	KS-301 Partial Data Reports
	KS-302 Replacement Parts
	KS-303 Manufacturer’s Data Report for Composite Reinforced Pressure Vessels (CRPV)

	KS-310 Maintenance of Radiographs
	KS-320 Maintenance of Records
	KS-321 Additional Manufacturer’s Construction Records to Be Supplied With Composite Reinforced Pressure Vessels (CRPV)
	KS-322 Retention of Data Reports for Composite Reinforced Pressure Vessels (CRPV)



	Figures
	Figure KM-212 Examples of Acceptable Impact Test Specimens
	Figure KM-270.1 Machine Sharp Edge-Notch Specimen
	Figure KM-270.1M Machine Sharp Edge-Notch Specimen
	Figure KM-270.2 Reinforcing Plate for Specimen Head
	Figure KM-270.2M Reinforcing Plate for Specimen Head
	Figure KM-270.3 Standard Test Sections
	Figure KM-270.3M Standard Test Sections
	Figure KD-320.1 Design Fatigue Curves Sa = f(Nf) for Nonwelded Machined Parts Made of Forged Carbon or Low Alloy Steels for Temperatures Not Exceeding 700°F
	Figure KD-320.1M Design Fatigue Curves Sa = f(Nf) for Nonwelded Machined Parts Made of Forged Carbon or Low Alloy Steels for Temperatures Not Exceeding 371°C
	Figure KD-320.2 Design Fatigue Curve Sa = f(Nf) for Nonwelded Parts Made of Carbon or Low Alloy Steels for Temperatures Not Exceeding 700°F
	Figure KD-320.2M Design Fatigue Curve Sa = f(Nf) for Nonwelded Parts Made of Carbon or Low Alloy Steels for Temperatures Not Exceeding 371°C
	Figure KD-320.3 Fatigue Curve for Nonwelded Series 3XX High Alloy Steel, Nickel–Chromium–Iron Alloy, Nickel–Iron–Chromium Alloy, and Nickel–Copper Alloy for Temperatures Not Exceeding 800°F
	Figure KD-320.3M Fatigue Curve for Nonwelded Series 3XX High Alloy Steel, Nickel–Chromium–Iron Alloy, Nickel–Iron–Chromium Alloy, and Nickel–Copper Alloy for Temperatures Not Exceeding 427°C
	Figure KD-320.4 Design Fatigue Curve Sa = f(Nf) for Nonwelded Machined Parts Made of 17-4PH/15-5PH Stainless Steel Bar or Forgings, for Temperatures Not Exceeding 550°F
	Figure KD-320.4M Design Fatigue Curve Sa = f(Nf) for Nonwelded Machined Parts Made of 17-4PH/15-5PH Stainless Steel Bar or Forgings, for Temperatures Not Exceeding 290°C
	Figure KD-320.5 Design Fatigue Curve for High-Strength Steel Bolting for Temperatures Not Exceeding 700°F
	Figure KD-320.5M Design Fatigue Curve for High-Strength Steel Bolting for Temperatures Not Exceeding 371°C
	Figure KD-320.6(a) Roughness Factor Kr Versus Average Surface Roughness Ra (µin.) AA
	Figure KD-320.6M(a) Roughness Factor Kr Versus Average Surface Roughness Ra (µm) AA
	Figure KD-320.6(b) Roughness Factor Kr Versus Maximum Surface Roughness Rmax (µin.)
	Figure KD-320.6M(b) Roughness Factor Kr Versus Maximum Surface Roughness Rmax (µm)
	Figure KD-320.7 Design Fatigue Curve for Nonwelded 6061-T6 and 6061-T651 Aluminum for Temperatures Not Exceeding 225°F
	Figure KD-320.7M Design Fatigue Curve for Nonwelded 6061-T6 and 6061-T651 Aluminum for Temperatures Not Exceeding 107°C
	Figure KD-372.1 Burr Grinding of Weld Toe
	Figure KD-700 Some Illustrative Weld Attachment Details
	Figure KD-812 Diameters and Layer Numbers for Concentric Shrink-Fit Layered Cylinder
	Figure KD-830.1 Acceptable Layered Shell Types
	Figure KD-830.2 Some Acceptable Solid-to-Layered Attachments
	Figure KD-830.3 Some Acceptable Flat Heads With Hubs Joining Layered Shell Sections
	Figure KD-830.4 Some Acceptable Flanges for Layered Shells
	Figure KD-830.5 Some Acceptable Welded Joints of Layered-to-Layered and Layered-to-Solid Sections
	Figure KD-830.6 Some Acceptable Nozzle Attachments in Layered Shell Sections
	Figure KD-850 Some Acceptable Supports for Layered Vessels
	Figure KD-900 Wire-Wound Vessel and Frame Construction
	Figure KD-911 Nomenclature for Wire-Wound Cylinders
	Figure KD-932 Derivation of Design Fatigue Curve From Wire Fatigue Curve
	Figure KD-1112 Typical Pressure Parts With Butt-Welded Hubs (Not Permissible if Machined From Rolled Plates)
	Figure KD-1121 Joints Between Formed Heads and Shells
	Figure KD-1122 Nozzle Necks Attached to Piping of Lesser Wall Thickness
	Figure KD-1130 Some Acceptable Welded Nozzle Attachments
	Figure KD-1131 An Acceptable Full-Penetration Welded Nozzle Attachment Not Readily Radiographable
	Figure KD-1260.1 Construction of Testing Parameter Ratio Diagram
	Figure KD-1260.2 Construction of Testing Parameter Ratio Diagram for Accelerated Tests
	Figure KF-131 Example of the Maximum and Minimum Inside Diameters in a Cylindrical Shell
	Figure KF-822(a) Solid-to-Layered and Layered-to-Layered Test Plates
	Figure KF-822(b) Test Specimens for Weld Procedure Qualification
	Figure KF-825.4 Indications of Layer Wash
	Figure KF-826 Gap Area Between Layers
	Figure KE-242.1 Axial Propagation of Sound in Tube Wall
	Figure KE-301-1 Flaw Classification of Single Indication
	Figure KE-301-2 Surface Flaw Acceptance Criteria
	Figure KE-301-3 Subsurface Flaw Acceptance Criteria
	Figure KE-301-4 Multiple Planar Flaws Oriented in Plane Normal to Pressure-Retaining Surface
	Figure KE-301-5 Parallel Planar Flaws
	Figure KE-301-6 Nonaligned Coplanar Flaws in Plane Normal to Pressure-Retaining Surface (Illustrative Flaw Configurations)
	Figure KE-301-7 Multiple Aligned Planar Flaws
	Figure KE-321 Illustration of Welded Joint Locations Typical of Categories A, B, C, and D
	Figure KS-100 Official New Certification Mark to Denote the American Society of Mechanical Engineers’ Standard
	Figure KS-132 Form of Stamping
	Figure 6-1 Aligned Rounded Indications
	Figure 6-2 Groups of Aligned Rounded Indications
	Figure 6-3.1 Charts for t 1⁄8 in. (3 mm) to 1⁄4 in. (6 mm), Inclusive
	Figure 6-3.2 Charts for t Over 1⁄4 in. (6 mm) to 3⁄8 in. (10 mm), Inclusive
	Figure 6-3.3 Charts for t Over 3⁄8 in. (10 mm) to 3⁄4 in. (19 mm), Inclusive
	Figure 6-3.4 Charts for t Over 3⁄4 in. (19 mm) to 2 in. (50 mm), Inclusive
	Figure 6-3.5 Charts for t Over 2 in. (50 mm) to 4 in. (100 mm), Inclusive
	Figure 6-3.6 Charts for t Over 4 in. (100 mm)
	Figure 9-200.1 Stress Categories and Limits of Equivalent Stress
	Figure E-110 Thick Wall Blind End Proportions Not Requiring Detailed Analysis
	Figure E-120 Thin Wall Blind End Proportions Not Requiring Detailed Analysis
	Figure E-210.1 Typical Threaded End Closure
	Figure E-210.2 Thread Loading Distribution
	Figure E-210.3 Detail of First Thread
	Figure G-100.1 Clamp Nomenclature
	Figure G-100.2 Typical Clamp Lug Configurations [View B‐B From Figure G-100.1, Sketch (c)]
	Figure G-100.3 Typical Hub Design With the Bolts Contained Within the Body of the Clamp
	Figure G-300 Typical Self‐Energizing Gaskets Used in This Division, Showing Diameter at Location of Gasket Load Reaction G
	Figure G-300.1 Values of f (Hub Stress Correction Factor)
	Figure H-101 Straight Drill Connections for Thick-Walled Cylinders
	Figure H-120.1 Chart for Determining Value of F
	Figure H-142 Nozzle Nomenclature and Dimensions (Depicts Configuration Only. See Article KD-11 for Details of Construction.)
	Figure J-110-1 Geometries of Square Blocks and Cylinders With Cross‐Bores
	Figure J-110-2 Tangential Stress Concentration Factors for Openings in Cylinders
	Figure J-110-3 Tangential Stress Concentration Factors for Openings in Square Cross‐Section Blocks
	Figure K-200-1 Stress History
	Figure K-200-2 Toughness Temperature Curve

	Tables
	Table KG-141 Referenced Standards in This Division and Year of Acceptable Edition
	Table KG-150 Standard Units for Use in Equations
	Table KM-212 Charpy Impact Test Temperature Reduction Below Minimum Design Metal Temperature
	Table KM-234.2(a) Minimum Required Charpy V-Notch Impact Values for Pressure-Retaining Component Materials
	Table KM-234.2(b) Minimum Required Charpy V-Notch Impact Values for Bolting Materials
	Table KM-400-1 Carbon and Low Alloy Steels
	Table KM-400-1M Carbon and Low Alloy Steels (Metric)
	Table KM-400-2 High Alloy Steels
	Table KM-400-2M High Alloy Steels (Metric)
	Table KM-400-3 Nickel and Nickel Alloys
	Table KM-400-3M Nickel and Nickel Alloys (Metric)
	Table KM-400-4 Aluminum Alloys
	Table KM-400-4M Aluminum Alloys (Metric)
	Table KM-620 Tabular Values for Coefficients
	Table KM-630 Cyclic Stress–Strain Curve Data
	Table KM-630M Cyclic Stress–Strain Curve Data
	Table KM-630.1 Coefficients for the Welded Joint Fatigue Curves
	Table KM-630.1M Coefficients for the Welded Joint Fatigue Curves
	Table KM-800-1 Minimum Required Charpy V-Notch Impact Values
	Table KD-230.1 Loads and Load Cases to Be Considered in Design
	Table KD-230.2 Load Descriptions
	Table KD-230.3 Combination for Analysis Exemption of Hydrostatic Test Criterion
	Table KD-230.4 Load Combinations and Load Factors for an Elastic–Plastic Analysis
	Table KD-320.1 Tabulated Values of Sa, ksi, From Figures Indicated
	Table KD-320.1M Tabulated Values of Sa, MPa, From Figures Indicated
	Table KD-320.7 Tabulated Values of Sa Alternating Stress Intensity From Figures KD-320.7 and KD-320.7M
	Table KD-322.1 Fatigue Penalty Parameters
	Table KD-430 Room-Temperature Crack Growth Rate Factors (U.S. Customary Units)
	Table KD-430M Room-Temperature Crack Growth Rate Factors (SI Units)
	Table KD-431 Crack Growth Rate Factors
	Table KF-234 Maximum Allowable Offset in Welded Joints
	Table KF-402.1 Requirements for Postweld Heat Treatment of Pressure Parts and Attachments (U.S. Customary Units)
	Table KF-402.1M Requirements for Postweld Heat Treatment of Pressure Parts and Attachments (SI Units)
	Table KF-630 Postweld Heat Treatment Requirements for Quenched and Tempered Materials in Table KM-400-1 (U.S. Customary Units)
	Table KF-630M Postweld Heat Treatment Requirements for Quenched and Tempered Materials in Table KM-400-1M (SI Units)
	Table KF-1211 Permitted Weld Reinforcement
	Table KE-101 Thickness, Image Quality Indicator Designations, Essential Holes, and Wire Diameters (U.S. Customary Units)
	Table KE-101M Thickness, Image Quality Indicator Designations, Essential Holes, and Wire Diameters (SI Units)
	Table KE-301-1 Flaw Acceptance Criteria for 1 in. (25 mm) to 12 in. (300 mm) Thick Weld
	Table KE-301-2 Flaw Acceptance Criteria for 16 in. (400 mm) Thick Weld
	Table KE-332 Radiographic Acceptance Standards for Rounded Indications (Examples Only)
	Table 9-100.1 Load Case Combinations and Allowable Stresses for an Elastic Analysis
	Table A-100.1 Instructions for the Preparation of Manufacturer’s Data Reports
	Table A-100.2 Instructions for the Preparation of Manufacturer's Data Reports Form CRPV-1A
	Table E-222.1 Continuous Thread Example
	Table E-222.2 Interrupted Thread Example
	Table G-900 Allowable Design Stress for Clamp Connections
	Table J-110-2 Tangential Stress Concentration Factors for Openings in Cylinders (Tabulated Values From Figure J-110-2)
	Table J-110-3 Tangential Stress Concentration Factors for Openings in Square Cross‐Section Blocks (Tabulated Values From Figure J-110-3)

	Forms
	Form KG-311.15 Typical Certification of Compliance of the User’s Design Specification
	Form KG-324.1 Typical Certification of Compliance of the Manufacturer’s Design Report
	Form K-1 Manufacturer’s Data Report for High Pressure Vessels
	Form K-2 Manufacturer’s Partial Data Report for High Pressure Vessels 
	Form K-3 Manufacturer’s Data Report Supplementary Sheet
	Form CRPV-1A Manufacturer’s Data Report for Composite Reinforced Pressure Vessels
	Form CRPV-2A Recommended Form for Qualifying the Laminate Design and the Laminate Procedure Specification Used in Manufacturing Composite Reinforced Pressure Vessels

	Mandatory Appendices
	Mandatory Appendix 1 Nomenclature
	1-100 Nomenclature

	Mandatory Appendix 2 Quality Control System
	2-100 General
	2-110 Outline of Features to Be Included in the Written Description of the Quality Control System
	2-111 Authority and Responsibility
	2-112 Organization
	2-113 Drawings, Design Calculations, and Specification Control
	2-114 Material Control
	2-115 Examination and Inspection Program
	2-116 Correction of Nonconformities
	2-117 Welding
	2-118 Nondestructive Examination
	2-119 Heat Treatment
	2-120 Calibration of Measurement and Test Equipment
	2-121 Records Retention
	2-122 Sample Forms
	2-123 Inspection of Vessels and Vessel Parts
	2-124 Certifications

	Mandatory Appendix 5 Adhesive Attachment of Nameplates
	5-100 Scope
	5-200 Nameplate Application Procedure Qualification

	Mandatory Appendix 6 Rounded Indications Charts Acceptance Standard for Radiographically Determined Rounded Indications in Welds
	6-100 Applicability of These Standards
	6-110 Terminology
	6-120 Acceptance Criteria

	Mandatory Appendix 8 Establishing Governing Code Editions and Cases for Pressure Vessels and Parts
	8-100 General
	8-200 Construction
	8-300 Materials

	Mandatory Appendix 9 Linear Elastic Analysis
	9-100 General
	9-110 Load Combinations
	9-200 Derivation of Equivalent Stress
	9-210 Stress Limits
	9-220 Primary Membrane and Bending Stresses
	9-230 Pure Shear Stress
	9-240 Bearing Stress 
	9-250 Secondary Stresses
	9-260 Simplified Elastic–Plastic Analysis
	9-270 Thermal Stress Ratcheting Assessment
	9-280 Triaxial Stresses
	9-290 Upper Limit for Hydrostatic Test Pressure
	9-300 Principal Stresses in Monobloc Vessels
	9-400 Analysis of Threaded Fasteners and Components


	Nonmandatory Appendices
	Nonmandatory Appendix A Guide for Preparing Manufacturer’s Data Reports 
	A-100 Introduction 

	Nonmandatory Appendix B Suggested Practice Regarding Extending Life Beyond the Cyclic Design Life
	B-100 Extending Allowed Cyclic Limits While in Operation

	Nonmandatory Appendix D Fracture Mechanics Calculations
	Nonmandatory Appendix E Construction Details
	E-100 Integral Heads (Blind Ends)
	E-110 Thick Wall Proportions
	E-120 Thin Wall Proportions
	E-200 Threaded End Closures
	E-210 Nomenclature (See Figures  E-210.1, E-210.2, and E-210.3)
	E-220 Thread Load Distribution
	E-221 Continuous Threads
	E-222 Interrupted (Breech) Thread


	Nonmandatory Appendix G Design Rules for Clamp Connections 
	G-100 Scope
	G-200 Materials
	G-300 Nomenclature
	G-400 Bolt Loads
	G-500 Longitudinal Loads
	G-600 Hub Moments
	G-700 Calculation of Hub Stresses
	G-800 Calculation of Clamp Stresses
	G-900 Allowable Design Stresses for Clamp Connections

	Nonmandatory Appendix H Openings and Their Reinforcement 
	H-100 Scope
	H-101 Dimensions and Shape of Openings

	H-110 Circular Openings Not Requiring Reinforcement
	H-120 Reinforcement for Openings in Shells and Formed Heads
	H-130 Reinforcement for Openings in Flat Heads
	H-140 Limits of Reinforcement
	H-141 Boundary Along Vessel Wall
	H-142 Boundary Normal to Vessel Wall

	H-150 Metal Available for Reinforcement
	H-151 Strength of Reinforcement Material


	Nonmandatory Appendix I Guidance for the Use of U.S. Customary and SI Units in the ASME Boiler and Pressure Vessel Code
	I-100 Use of Units in Equations
	I-200 Guidelines Used to Develop SI Equivalents
	I-300 Soft Conversion Factors

	Nonmandatory Appendix J Stress Concentration Factors for Cross‐Bores in Closed‐End Cylinders and Square Blocks
	J-100 Scope
	J-110 Methodology

	Nonmandatory Appendix K Fatigue and Fracture Assessment of Impulsively Loaded Vessels
	K-100 Scope
	K-110 Nomenclature
	K-200 Analysis

	Nonmandatory Appendix L Linearization of Stress Results for Stress Classification

	Endnotes

	Button1: 


