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

Items produced by parties not formally possessing an ASME Certificate may not be described,
either explicitly or implicitly, as ASME certified or approved in any code forms or other-document.
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Interpretations are issued in real time in ASME’s Interpretations Database at http://go.asme.org/Interpretations. His-
torical BPVC interpretations may also be found in the Database.

CODE CASES

The Boiler and Pressure Vessel Code committees meet regularly to consider proposed additions and revisions to the
Code and to formulate Cases to clarify the intent of existing requirements or provide, when the need is urgent, rules for
materials or constructions not covered by existing Code rules. Those Cases that have been adopted will appear in the
appropriate 2021 Code Cases book: “Boilers and Pressure Vessels” or “Nuclear Components.” Each Code Casesbook
is updated with seven Supplements. Supplements will be sent or made available automatically to the purchasers of
the Code Cases books up to the publication of the 2023 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.
Code Case users can check the current status of any Code Case at http://go.asme.org/BPVCCDatabase~Code Case users
can also view an index of the complete list of Boiler and Pressure Vessel Code Cases and Ndg¢lear Code Cases at
http://go.asme.org/BPVCC.
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FOREWORD"

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Vessel Committee was superseded by the following committees:

(a) Committee on Power Boilers (I)

(b) Committee on Materials (II)

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

(d) Committee on Heating Boilers (IV)

(e) Committee on Nondestructive Examination (V)

(f) Committee on Pressure Vessels (VIII)

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

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

(i) Committee on Nuclear Inservice Inspection (XI)

(j) Committee on Transport Tanks (XII)

(k) Committee on Overpressure Protection (XIII)

(1) Technical Oversight Management Committee (TOMC)

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

The Committee’s function is to establish rules of safety relating only to pressure integrity, which govern the
construction” of boilers, pressure vessels, transport tanks;-and nuclear components, and the inservice inspection of nu-
clear components and transport tanks. The Committee.also interprets these rules when questions arise regarding their
intent. The technical consistency of the Sections of the Code and coordination of standards development activities of the
Committees is supported and guided by the Technical Oversight Management Committee. This Code does not address
other safety issues relating to the constructien,of boilers, pressure vessels, transport tanks, or nuclear components, or
the inservice inspection of nuclear componénts 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 integ-
rity. 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 detéfioration in service related to specific service fluids or external operating environ-
ments. In formulating the rules, the Committee considers the needs of users, manufacturers, and inspectors of pressure
vessels. The objective of the rules is to afford reasonably certain protection of life and property, and to provide a margin
for deterioration in serviceto give a reasonably long, safe period of usefulness. Advancements in design and materials
and evidence of experience have been recognized.

This Code contains mandatory requirements, specific prohibitions, and nonmandatory guidance for construction ac-
tivities and inservice inspection and testing activities. The Code does not address all aspects of these activities and those
aspects that arfe not specifically addressed should not be considered prohibited. The Code is not a handbook and cannot
replace education, experience, and the use of engineering judgment. The phrase engineering judgment refers to technical
judgments-made by knowledgeable engineers experienced in the application of the Code. Engineering 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

" 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 con-
sensus 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,

certification and overpressure protection
7 g 2
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requirements of the Code. However, designers and engineers using computer programs for design or analysis are cau-
tioned that they are 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 pro-
prietary or specific design, or as limiting in any way the manufacturer’s freedom to choose any method of design or any
form of construction that conforms to the Code rules.

The Committee meets regularly to consider revisions of the rules, new rules as dictated by technological development,
Code Cases, and requests for interpretations. Only the Committee has the authority to provide official interpretations of
this Code. Requests for revisions, new rules, Code Cases, or interpretations shall be addressed to the Secretary in writing
and shall give full particulars in order to receive consideration and action (see Submittal of Technical Inquiries to, the
Boiler and Pressure Vessel Standards Committees). Proposed revisions to the Code resulting from inquiries will be pre-
sented to the Committee for appropriate 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 sub-
mitted to the American National Standards Institute (ANSI) and published at http://go.asme.org/BPVEPublicReview to
invite comments from all interested persons. After public review and final approval by ASME, revisions‘are published at
regular intervals in Editions of the Code.

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

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

When required by context in this Section, the singular shall be interpreted as\the plural, and vice versa, and the fem-
inine, masculine, or neuter gender shall be treated as such other gender as appropriate.

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

- Shall is used to denote a requirement.

- Should is used to denote a recommendation.

- May is used to denote permission, neither a requirement not/a recommendation.
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STATEMENT OF POLICY ON THE USE OF THE ASME SINGLE
CERTIFICATION MARK AND CODE AUTHORIZATION IN
ADVERTISING

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

Organizations that are authorized to use the ASME Single Certification Mark for marking itemis'or constructions that
have been constructed and inspected in compliance with the ASME Boiler and Pressure Ve§sel Code are issued Certifi-
cates of Authorization. It is the aim of the Society to maintain the standing of the ASME Single Certification Mark for the
benefit of the users, the enforcement jurisdictions, and the holders of the ASME Single\Gértification Mark who comply
with all requirements.

Based on these objectives, the following policy has been established on the usage in advertising of facsimiles of the
ASME Single Certification Mark, Certificates of Authorization, and reference to' Code construction. The American Society
of Mechanical Engineers does not “approve,” “certify,” “rate,” or “endorse~any’item, construction, 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 literatute 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’stamping and nameplates as specifically provided in the
Code. However, facsimiles may be used for the purpose”of fostering the use of such construction. Such usage may be
by an association or a society, or by a holder of the ASME Single Certification Mark who may also use the facsimile
in advertising to show that clearly specified items will carry the ASME Single Certification Mark.

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

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

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

Items shall not be described on ASME Data Report Forms nor on similar forms referring to ASME that tend to imply
that all Code requirements have been met when, in fact, they have not been. Data Report Forms covering items not fully
complying with ASME requirements should not refer to ASME or they should clearly identify all exceptions to the ASME
requirements.
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=y SUBMITTAL OF TECHNICAL INQUIRIES TO THE BOILER AND
PRESSURE VESSEL STANDARDS COMMITTEES

1 INTRODUCTION

(a) The following information provides guidance to Code users for submitting technical inquiries to the applicable
Boiler and Pressure Vessel (BPV) Standards Committee (hereinafter referred to as the Committee). See thé’guidelines
on approval of new materials under the ASME Boiler and Pressure Vessel Code in Section II, Part D for requirements for
requests that involve adding new materials to the Code. See the guidelines on approval of new weldirig-and brazing ma-
terials in Section II, Part C for requirements for requests that involve adding new welding and brazing materials (“con-
sumables”) to the Code.

Technical inquiries can include requests for revisions or additions to the Code requirements, requests for Code Cases,
or requests for Code Interpretations, as described below:

(1) Code Revisions. Code revisions are considered to accommodate technological developments, to address admin-
istrative requirements, to incorporate Code Cases, or to clarify Code intent.

(2) Code Cases. Code Cases represent alternatives or additions to existing Coderequirements. Code Cases are writ-
ten as a Question and Reply, and are usually intended to be incorporated into the*Code at a later date. When used, Code
Cases prescribe mandatory requirements in the same sense as the text of-the Code. However, users are cautioned that
not all regulators, jurisdictions, or Owners automatically accept Code.Cases. The most common applications for Code
Cases are as follows:

(-a) to permit early implementation of an approved Code revision based on an urgent need

(-b) to permit use of a new material for Code construction

(-c) to gain experience with new materials or alterndtive requirements prior to incorporation directly into the
Code

(3) Code Interpretations

(-a) Code Interpretations provide clarification of the meaning of existing requirements in the Code and are pre-
sented in Inquiry and Reply format. Interpretations do not introduce new requirements.

(-b) Interpretations will be issued only.if'existing Code text is ambiguous or conveys conflicting requirements. If a
revision of the requirements is required to stpport the Interpretation, an Intent Interpretation will be issued in parallel
with a revision to the Code.

(b) Code requirements, Code Cases;"ahd Code Interpretations established by the Committee are not to be considered
as approving, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom of manufacturers, consfriuctors, or Owners to choose any method of design or any form of construction that
conforms to the Code requirements.

(c) Inquiries that do not*comply with the following guidance or that do not provide sufficient information for the Com-
mittee’s full understandinng may result in the request being returned to the Inquirer with no action.

2 INQUIRY FORMAT

Submittals-to the Committee should include the following information:
(a) Purpose. Specify one of the following:
(1) request for revision of present Code requirements
(2) request for new or additional Code requirements
(3) request for Code Case
(4) request for Code Interpretation
(b) Background. The Inquirer should provide the information needed for the Committee’s understanding of the In-
quiry, being sure to include reference to the applicable Code Section, Division, Edition, Addenda (if applicable), para-
graphs, figures, and tables. This information should include a statement indicating why the included paragraphs,
figures, or tables are ambiguous or convey conflicting requirements. Preferably, the Inquirer should provide a copy

of or relevant extracts from the cpm‘iﬁr referenced portions of the Code
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(c) Presentations. The Inquirer may desire to attend or be asked to attend a meeting of the Committee to make a for-
mal presentation or to answer questions from the Committee members with regard to the Inquiry. Attendance at a BPV
Standards Committee meeting shall be at the expense of the Inquirer. The Inquirer’s attendance or lack of attendance at
a meeting will not be used by the Committee as a basis for acceptance or rejection of the Inquiry by the Committee. How-
ever, if the Inquirer’s request is unclear, attendance by the Inquirer or a representative may be necessary for the Com-
mittee to understand the request sufficiently to be able to provide an Interpretation. If the Inquirer desires to make a
presentation at a Committee meeting, the Inquirer should provide advance notice to the Committee Secretary, to ensurée
time will be allotted for the presentation in the meeting agenda. The Inquirer should consider the need for additienal
audiovisual equipment that might not otherwise be provided by the Committee. With sufficient advance noticeto‘the
Committee Secretary, such equipment may be made available.

3 CODE REVISIONS OR ADDITIONS

Requests for Code revisions or additions should include the following information:

(a) Requested Revisions or Additions. For requested revisions, the Inquirer should identify those requirements of the
Code that they believe should be revised, and should submit a copy of, or relevant extracts fremjthe appropriate require-
ments as they appear in the Code, marked up with the requested revision. For requested additions to the Code, the In-
quirer should provide the recommended wording and should clearly indicate where they bélieve the additions should be
located in the Code requirements.

(b) Statement of Need. The Inquirer should provide a brief explanation of the\need for the revision or addition.

(c) Background Information. The Inquirer should provide background information to support the revision or addition,
including any data or changes in technology that form the basis for the reguest, that will allow the Committee to ade-
quately evaluate the requested revision or addition. Sketches, tables, figures, and graphs should be submitted, as appro-
priate. The Inquirer should identify any pertinent portions of the Codé that would be affected by the revision or addition
and any portions of the Code that reference the requested revised-er added paragraphs.

4 CODE CASES

Requests for Code Cases should be accompanied by.a-statement of need and background information similar to that
described in 3(b) and 3(c), respectively, for Code réyisions or additions. The urgency of the Code Case (e.g., project un-
derway or imminent, new procedure) should be described. In addition, it is important that the request is in connection
with equipment that will bear the ASME Single-Certification Mark, with the exception of Section XI applications. The pro-
posed Code Case should identify the Code §ection and Division, and should be written as a Question and a Reply, in the
same format as existing Code Cases. Requests for Code Cases should also indicate the applicable Code Editions and Ad-
denda (if applicable) to which the requested Code Case applies.

5 CODE INTERPRETATIONS

(a) Requests for Code Interpretations should be accompanied by the following information:

(1) Inquiry. The Inquirer should propose a condensed and precise Inquiry, omitting superfluous background infor-
mation and, when possible, composing the Inquiry in such a way that a “yes” or a “no” Reply, with brief limitations or
conditions, if needed, can be provided by the Committee. The proposed question should be technically and editorially
correct.

(2) Reply.*The Inquirer should propose a Reply that clearly and concisely answers the proposed Inquiry question.
Preferably, ‘the Reply should be “yes” or “no,” with brief limitations or conditions, if needed.

(3)Background Information. The Inquirer should include a statement indicating why the included paragraphs,
figures, or tables are ambiguous or convey conflicting requirements. The Inquirer should provide any need or back-
ground information, such as described in 3(b) and 3(c), respectively, for Code revisions or additions, that will assist
the Committee in understanding the proposed Inquiry and Reply.

If the Inquirer believes a revision of the Code requirements would be helpful to support the Interpretation, the In-
quirer may propose such a revision for consideration by the Committee. In most cases, such a proposal is not necessary.

(b) Requests for Code Interpretations should be limited to an Interpretation of a particular requirement in the Code or
in a Code Case. Except with regard to interpreting a specific Code requirement, the Committee is not permitted to con-
sider consulting-type requests such as the following:

(1) a review of calculations, design drawings, welding qualifications, or descriptions of equipment or parts to de-

termine r‘nmplinn{‘p with Code requirements
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(2) a request for assistance in performing any Code-prescribed functions relating to, but not limited to, material
selection, designs, calculations, fabrication, inspection, pressure testing, or installation
(3) a request seeking the rationale for Code requirements

6 SUBMITTALS

(a) Submittal. Requests for Code Interpretation should preferably be submitted through the online Interpretation Sub-
mittal Form. The form is accessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Ins
quirer will receive an automatic e-mail confirming receipt. If the Inquirer is unable to use the online form, the
Inquirer may mail the request to the following address:

Secretary

ASME Boiler and Pressure Vessel Committee
Two Park Avenue

New York, NY 10016-5990

All other Inquiries should be mailed to the Secretary of the BPV Committee at the address abovevInquiries are unlikely
to receive a response if they are not written in clear, legible English. They must also include thé.iame of the Inquirer and
the company they represent or are employed by, if applicable, and the Inquirer’s address,.telephone number, fax num-
ber, and e-mail address, if available.

(b) Response. The Secretary of the appropriate Committee will provide a writtenresponse, via letter or e-mail, as ap-
propriate, to the Inquirer, upon completion of the requested action by the Comniittée. Inquirers may track the status of
their Interpretation Request at http://go.asme.org/Interpretations.
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W. McDaniel
M. Osterfoss
J. R. Payne

G. B. Rawls, Jr.
R. Wacker

Subgroup on Interpretations (BPV VIII)

G. Aurioles, Sr.,, Chair
]. Oh, Staff Secretary
S. R. Babka

J. Cameron

N. Carter

C. W. Cary

B. F. Hantz

M. Kowalczyk

D. L. Kurle

M. D. Lower

A. Mann

S. A. Marks

P. Matkovics

G. M. Mital

D. I. Morris

D. T. Peters

F. L. Richter

S. C. Roberts

C. D. Rodery

T. G. Seipp

J. C. Sowinski

D. B. Stewart

D. A. Swanson

J. P. Swezy, Jr.

J. Vattappilly

A. Viet

K. Xu

R. ]. Basile, Contributing Member-

D. B. DeMichael, Contributing
Member

R. D. Dixon, Contributing Member

S. Kilambi, Contribiiting Member

R. Mahadeen, Goutsibuting
Member

T. P. PastorsGontributing Member

P. L. Sturgill, Contributing Member

COMMITTEE ON WELDING;,BRAZING, AND FUSING (BPV IX)

Subgroup on Brazing (BPV IX)

S. A. Marks, Chair
E. W. Beckman
A. F. Garbolevsky
N. Mohr

A. R. Nywening
M. ]. Pischke
J. P. Swezy, Jr.

Subgroup on General Requirements (BPV IX)

P. L. Sturgill, Chair

N. Carter, Vice Chair
S. A. Marks, Secretary
J. P. Bell

D. A. Bowers

P. Gilston

M. Heinrichs

A. Howard

R. M. Jessee

D. K. Peetz

H. B. Porter

J. P. Swezy, Jr.

E. W. Woelfel

E. Molina~Delegate

E. WBeckman, Contributing
Member

BYR/ Newmark, Honorary Member

Subgroup on Materials (BPV IX)

M. Bernasek, Chair
T. Anderson

E. Cutlip

M. Denault
S{EGingrich

LS. Harbison

M. James

R. M. Jessee

T. Melfi

S. D. Nelson

M. J. Pischke

A. Roza

C. E. Sainz

P. L. Sturgill

C. Zanfir

V. G. V. Giunto, Delegate

D. J. Kotecki, Contributing Member
B. Krueger, Contributing Member
W. ]. Sperko, Contributing Member
M. J. Stanko, Contributing Member

Subgroup on Plastic Fusing (BPV IX)

E. W. Woelfel, Chair
D. Burwell

K. L. Hayes

R. M. Jessee

E. G. Reichelt
M. J. Rice

S. Schuessler
M. Troughton

D. A. Bowers, Chair W. J. Sperko J. Johnston, Jr. C. Violand

M. J. Pischke, Vice Chair P. L. Sturgill J. E. O’Sullivan J. Wright

E. Lawson, Staff Secretary ]. P. Swezy, Jr.

M. Bernasek E. W. Woelfel

M. A. Boring D. Pojatar, Delegate

J. G. Feldstein A. Roza, Delegate

P.D. F.lennler M. Consonni, Contributing Member

i' ]i (;;:ﬁ::h S. A. Jones, Contributing Member Subgroup on Strength of Weldments (BPV II and IX)

ReM, Jessee $. Raghunathan, Contributing G. W. Galanes, Chair ]. Penso

IanSvLee Member o K. L. Hayes, Vice Chair D. W. Rahoi

W. M. Lundy M.]. Stanko, Contributing Member S. H. Bowes, Secretary B. Roberts

S. A. Marks P. L. Van Fosson, Contributing K. K. Coleman W. ]. Sperko

T. Melfi Member M. Denault ]. P. Swezy, Jr.

W. F. Newell, Jr. R. K. Brown, Jr, Honorary Member J. R. Foulds M. Ueyama

D. K. Peetz M. L. Carpenter, Honorary Member D. W. Gandy A. A. Amiri, Contributing Member
E. G. Reichelt B. R. Newmark, Honorary Member M. Ghahremani P. D. Flenner, Contributing Member
M. J. Rice S. D. Reynolds, Jr., Honorary J. Henry J. J. Sanchez-Hanton, Contributing
M. B_Sims Member W E Newell Jr Member
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Subgroup on Welding Qualifications (BPV IX)

M. J. Rice, Chair

]. S. Lee, Vice Chair
K. L. Hayes, Secretary
M. Bernasek

M. A. Boring

D. A. Bowers

R. Campbell

R. B. Corbit

P. D. Flenner

L. S. Harbison

M. Heinrichs

W. M. Lundy

D. W. Mann

T. Melfi

W. F. Newell, Jr.

B. R. Newton
E. G. Reichelt
M. B. Sims
W. ]. Sperko
S. A. Sprague
P. L. Sturgill
J. P. Swezy, Jr.
C. Violand
A. D. Wilson
D. Chandiramani, Contributing
Member

M. Consonni, Contributing Member
M. Dehghan, Contributing Member

T. C. Wiesner, Contributing
Member

Argentina International Working Group (BPV IX)

A. Burgueno, Chair

E. Lawson, Staff Secretary
B. Bardott

L. F. Boccanera

M. Favareto

C. A. Garibotti

]. A. Herrera
M. D. Kuhn

M. A. Mendez
A. E. Pastor

G. Telleria

M. M. C. Tocco

Germany International Working Group (BPV IX)

P. Chavdarov, Chair

A. Spangenberg, Vice Chair
E. Lawson, Staff Secretary
P. Thiebo, Secretary

J. Daldrup

B. Daume

]. Fleischfresser

E. Floer

S. Krebs

T. Ludwig

G. Naumann
A. Roza

K.-G. Toelle
S. Wegener
F. Wodke

R. Helmholdt

Italy InternationakWorking Group (BPV IX)

D. D. Raimander, Chair
M. Bernasek

A. Camanni

P. L. Dinelli

F. Ferrarese

M. Mandina

A. S. Monastra

L. Moracchioli

P. Pacor

G. Pontiggia

P. Siboni

A. Volpi

V. Calo, Contributing Member
G. Gobbi, Contributing Member

Spain International Working Group (BPV IX)

F.]. Q. Pandelo, Chair

F. L. Villabrille, Vice Chair
E. Lawson, Staff Secretary
F. R. Hermida, Secretary
C. A. Celimendiz

M. A. F. Garcia
R_G_Garcia

F. Manas

B. B. Miguel
A. D. G. Munoz
A. B. Pascual

S. Sevil
GGobbi Contributing Member.

COMMITTEE ON FIBER-REINFORCED PLASTIC PRESSURE VESSELS

(BPV X)

B. Linnemann, Chair L. E. Hunt
B. F. Shelley, Vice Chair D. L. Keeler
P. D. Stumpf, Staff Secretary D. H. McCauley
A. L. Beckwith N. L. Newhouse
F. L. Brown .

. G. Ramirez
J. L. Bustillos .
B. R. Colley J. R. Richter
T. W. Cowley S. L. Wagner
I. L. Dinovo D. 0. Yancey, Jr.
D. Eisberg P. H. Ziehl
M. R. Gorman D. H. Hodgkinson, €ontributing
B. Hebb Member

COMMITTEE ON NUCLEAR'INSERVICE INSPECTION (BPV XI)

R. W. Swayne, Chair
S. D. Kulat, Vice Chaijr,
D. W. Lamond, Viee Chair
D. Miro-Quesada, Staff Secretary
J. F. Ball

W. H. Bamford

J. M. Beughman

C. Broewn

SAB,)Brown

T, L. Chan

R. C. Cipolla

D. R. Cordes

H. Do

E. V. Farrell, Jr.

M. J. Ferlisi

P. D. Fisher

T. J. Griesbach

J. Hakii

M. L. Hall

D. O. Henry

W. C. Holston

J. T. Lindberg

G. A. Lofthus

H. Malikowski

S. L. McCracken

S. A. Norman

C. A. Nove

T. Nuoffer

J. Nygaard

J. E. O’Sullivan

N. A. Palm

G. C. Park

A. T. Roberts III

D. A. Scarth

F. ]. Schaaf, Jr.

S. Takaya

D. Vetter

T. V. Vo

D. E. Waskey

]. G. Weicks

M. Weis

Y.-K. Chung, Delegate
C. Ye, Delegate

M. L. Benson, Alternate
J. K. Loy, Alternate

R. 0. McGill, Alternate
D. J. Shim, Alternate
A. Udyawar, Alternate

E. B. Gerlach, Contributing Member
B. R. Newton, Contributing Member

C. D. Cowfer, Honorary Member
D. D. Davis, Honorary Member
R. E. Gimple, Honorary Member
F. E. Gregor, Honorary Member
0. F. Hedden, Honorary Member
R. D. Kerr, Honorary Member

P. C. Riccardella, Honorary Member

R. A. West, Honorary Member
C. ]. Wirtz, Honorary Member

R. A. Yonekawa, Honorary Member

Executive Committee (BPV XI)

S. D. Kulat, Chair

R. W. Swayne, Vice Chair

D. Miro-Quesada, Staff Secretary
W. H. Bamford

M. J. Ferlisi

D. W. Lamond

S. L. McCracken
C. A. Nove
T. Nuoffer
N. A. Palm
G. C. Park
A. T. Roberts III

M. L. Benson Alternate
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Argentina International Working Group (BPV XI)

F. M. Schroeter, Chair

0. Martinez, Staff Secretary

D. A. Cipolla
A. Claus

D. Costa

D. P. Delfino
D. N. Dell’Erba
A. Dominguez
S. A. Echeverria
E. P. Fresquet
M. M. Gamizo
I. M. Guerreiro
F. Llorente

R.]. Lopez

M. Magliocchi
L. R. Mifio

J. Monte

M. D. Pereda
A. Politi

C. G. Real

F.]. Schaaf, Jr.
G. ]. Scian

M. J. Solari

P. N. Torano
P. Yamamoto

China International Working Group (BPV XI)

J. H. Liu, Chair

Y. Nie, Vice Chair
C. Ye, Vice Chair
M. W. Zhou, Secretary
J. F. Cai

H. Chen

H. D. Chen

Y. Cheng

Y. B. Guo

Y. Honggqi

D. R. Horn

Y. Hou

S. X. Lin

W. N. Pei

L. Shiwei

S. Shuo

Y. Sixin

Y. X. Sun

G. X. Tang
Q. Wang

Q. W. Wang
Z.S. Wang
L. Xing

F. Xu

S. X. Xu

Q. Yin

K. Zhang

Y. Zhe

Z. M. Zhong

German International Working Group (BPV XB

R. Doring, Chair

R. Trieglaff, Vice Chair
R. Piel, Secretary

A. Casse

S. Dugan

C. G. Frantescu

M. Hagenbruch

E. lacopetta

S. D. Kulat

H.-W. Lange

N. Legl

T. Ludwig
X. Pitoiset
M. Reichert
L. Sybettz
I Tewes
RaTiete

J. Wendt

S. Zickler

India International Working Group (BPV XI)

S. B. Parkash,.Chair
D. Nardin, Vice Chair
K. K Rai, Secretary
Z. M) Mansuri

M:R. Nadgouda

Special Working Group on Editing and Review (BPV XI)

R. W. Swayne, Chair
M_Qrihuela

N. Palm

D. Rawal

R. Sahai

R. K. Sharma

K. R. Rao

Task Group on Inspectability (BPV XI)

J. T. Lindberg, Chair
E. Henry, Secretary
A. Cardillo

D. R. Cordes

M. J. Ferlisi

P. Gionta

D. O. Henry

J. Honcharik

R. Klein

C. Latiolais

G. A. Lofthus
S. Matsumoto
D. E. Matthews
P.]. O'Regan

J. B. Ossmann
S. A. Sabo

P. Sullivan

C. Thomas

J. Tucker

Task Group on ISI of Spent Nuclear Fuel Storage and Transportation
Containment Systems (BPV_XI)

K. Hunter, Chair
M. Orihuela, Secretary
D. J. Ammerman
W. H. Borter

J. Broussard

S. Brown

C. R. Bryan

T. Carraher

S. Corcoran

D. Dunn

N. Fales

R. C. Folley

G. Grant

B. Gutherman
My W, Joseph
M:-Keene

M. Li

K¢ Mauskar

RAM. Meyer

B. L. Montgomery
R. M. Pace

E. L. Pleins

M. A. Richter

B. Sarno

R. Sindelar

M. Staley

J. Wellwood

X. J. Zhai

P.-S. Lam, Alternate
G. White, Alternate
]. Wise, Alternate
H. Smith, Contributing Member

Subgroup on Evaluation Standards (SG-ES) (BPV XI)

W. H. Bamford, Chair
N. A. Palm, Secretary
M. Brumovsky

H. D. Chung

R. C. Cipolla

C. M. Faidy

M. M. Farooq

B. R. Ganta

T. J. Griesbach

K. Hasegawa

K. Hojo

D. N. Hopkins

D.R. Lee

Y. S. Li

R. 0. McGill

H. S. Mehta

K. Miyazaki

R. M. Pace

]. C. Poehler

S. Ranganath

D. A. Scarth

D.]. Shim

G. L. Stevens

A. Udyawar

T. V. Vo

G. M. Wilkowski
S. X. Xu

M. L. Benson, Alternate

Task Group on Evaluation of Beyond Design Basis Events (SG-ES)

R. M. Pace, Chair
S. X. Xu, Secretary
F. G. Abatt

G. A. Antaki

P. R. Donavin

R. G. Gilada

(BPV XI)

M. Hayashi

K. Hojo

S. A. Kleinsmith
H. S. Mehta

T. V. Vo

G. M. Wilkowski

T } Griesbach
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Working Group on Flaw Evaluation (SG-ES) (BPV XI)

R. C. Cipolla, Chair
S. X. Xu, Secretary
W. H. Bamford

M. L. Benson

M. Brumovsky

H. D. Chung

M. A. Erickson

C. M. Faidy

M. M. Farooq

B. R. Ganta

R. G. Gilada

F. D. Hayes

P. H. Hoang

K. Hojo

D. N. Hopkins

S. Kalyanam

Y. Kim

V. Lacroix

D.R. Lee

Y. S. Li

Working Group on Flaw Evaluation Reference Curves (BPV XI)

G. L. Stevens, Chair
A. Udyawar, Secretary
W. H. Bamford

M. L. Benson

F. W. Brust

R. C. Cipolla

M. M. Farooq

A. E. Freed

P. Gill

K. Hasegawa

K. Hojo

R. Janowiak

C. Liu

M. Liu

H. S. Mehta

G. A. A. Miessi
K. Miyazaki

S. Noronha

R. K. Qashu

S. Ranganath
P.]. Rush

D. A. Scarth
W. L. Server
D.J. Shim

S. Smith

M. Uddin

A. Udyawar
T. V. Vo

K. Wang

B. Wasiluk

G. M. Wilkowski

A. Jenks

V. Lacroix
H. S. Mehta
K. Miyazaki
B. Pellereau
S. Ranganath
D. A. Scarth
D. J. Shim

S. Smith

T. V. Vo

S. X. Xu

Working Group on Operating Plant Criteria (SG-ES) (BPV XI)

N. A. Palm, Chair
A. E. Freed, Secretary
K. R. Baker

W. H. Bamford
M. Brumovsky
M. A. Erickson

T. J. Griesbach
M. Hayashi

R. Janowiak

M. Kirk

S. A. Kleinstnith

H. Kebayashi
H=S. Mehta
A. D. Odell
R. M. Pace

]. C. Poehler
S. Ranganath
W. L. Server
C. A. Tomes
A. Udyawar
T. V. Vo

H. Q. Xu

Task Group on Appendix L (WG-OPC) (BPV XI)

Working Group on Pipe Flaw Evaluation (SG-ES) (BPV XI)

D. A. Scarth, Chair
G. M. Wilkowski, Secretary
K. Azuma

M. L. Benson

M. Brumovsky

F. W. Brust

H. D. Chung

R. C. Cipolla

N. G. Cofie

C. M. Faidy

M. M. Farooq

B. R. Ganta

S. R. Gosselin

C. E. Guzman-Leong
K. Hasegawa

P. H. Hoang

K. Hojo

D. N. Hopkins

E. J. Houston

R. Janowiak

S. Kalyanam
K. Kashima

V. Lacroix

Y. S. Li

R. 0. McGill
H. S. Mehta

G. A. A. Miessi
K. Miyazaki

S. H. Pellet
P.J. Rush

C. ]. Sallaberry
W. L. Server
D. J. Shim

S. Smith

M. F. Uddin
A. Udyawar
T, V. "Vo
K.'Wang
B/Wasiluk

S. X. Xu

Task Group on Code Case N-513 (WG-PFE) (BPV XI)

R. 0. McGill, Chair

E. J. Houstony-Secretary
G. A. Antgki

R. C. Cipolla

M. M, Farooq
R.Janowiak

S. M. Parker
D. Rudland

P.]. Rush

D. A. Scarth
S. X. Xu

Task Group on Evaluation Procedures for Degraded Buried Pipe
(WG-PFE) (BPV XI)

R. O. McGill, Chair
S. X. Xu, Secretary
F. G. Abatt

G. A. Antaki

R. C. Cipolla

R. G. Gilada

K. Hasegawa

K. M. Hoffman

R. Janowiak

M. Kassar

M. Moenssens
D. P. Munson
R. M. Pace

S. H. Pellet

D. Rudland
P.]. Rush

D. A. Scarth

Task Group on Flaw Evaluation for HDPE Pipe (WG-PFE) (BPV XI)

P. ]. Rush, Chair
P. Krishnaswamy
M. Moenssens

D. P. Munson

D. A. Scarth

D. J. Shim

M. Troughton
J. Wright

S. X. Xu

Subgroup on Nondestructive Examination (SG-NDE) (BPV XI)

N. Glunt, Chair C.-S. Oh J. T. Lindberg, Chair ]. Harrison
R. M. Pace, Secretary H. Park D. R. Cordes, Secretary D. 0. Henry
‘;3[- ]Z F(;reed S. Ranganath Ié/[.]friley G. A. Lofthus
. A. Gray ) . Brown
T. . Griesbach D.J. S_hlm T. L. Chan . A. Sabo
H. Nam S. Smith T. Cinson F. ]. Schaaf, Jr.
A. Nana G. L. Stevens S. E. Cumblidge R. V. Swain
A-D.Odell A Udyawar K] Hacker CA Nove Alternate
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Working Group on Personnel Qualification and Surface Visual and
Eddy Current Examination (SG-NDE) (BPV XI)

C. Brown, Chair D. 0. Henry
T. Cinson, Secretary J. T. Lindberg
J. E. Aycock C. Shinsky

J. Bennett

S. E. Cumblidge R. Tedder

A. Diaz T. Thulien

N. Farenbaugh J. T. Timm

Working Group on Procedure Qualification and Volumetric
Examination (SG-NDE) (BPV XI)

G. A. Lofthus, Chair D. A. Kull

J. Harrison, Secretary C. Latiolais

M. Briley C. A. Nove

A. Bushmire S. A. Sabo

D. R. Cordes R. V. Swain

S. R. Doctor D. Van Allen

K. J. Hacker D. K. Zimmerman
W. A. Jensen B. Lin, Alternate

Subgroup on Repair/Replacement Activities (SG-RRA) (BPV XI)

S. L. McCracken, Chair
E. V. Farrell, Jr,, Secretary
J. F. Ball

M. Brandes

S. B. Brown

R. Clow

P. D. Fisher

M. L. Hall

W. C. Holston

J. Honcharik

A. B. Meichler

Working Group on Welding and Special Repair Processes (SG-RRA)

J. G. Weicks, Chair
D. Barborak

S. J. Findlan

P. D. Fisher

R. C. Folley

M. L. Hall

W. C. Holston

J. Honcharik

C. C. Kim

B. R. Newton

S. A. Norman

J. E. O’Sullivan
G. C. Park

R. R. Stevenson
R. W. Swayne
D. ]. Tilly

D. E. Waskey

]. G. Weicks

B. Lin, Alternate
J. K. Loy, Alternate

(BPV XI)

M, Kris

S. E. Marlette

S. L. McCracken

B. R. Newton

J. E. O’Sullivan

D. J. Tilly

D. E. Waskey

J. K. Loy, Alternate

Task Group on Weld Overlay (BPV XI)

S. L. McCracken, Chair
D. Barborak

S.J. Findlan

M. L. Hall

W. C. Holston

S. Hunter

C. Lohse

S. E. Marlette

B. R. Newton
G. Olson

A. Patel

P. Raynaud

D. W. Sandusky
D. E. Waskey

]. G. Weicks

Working Group on Non-Metals Repair/Replacement Activities

(SG-RRA) (BPV XI)

J. E. O'Sullivan, Chair M. P. Marohl

S. Schuessler, Secretary T. M. Musto

M. Brandes S. Patterson

D. R. Dechene A. Pridprere

]. Johnston, Jr. F. ]. Schaaf, Jr.
B. Lin R Stakénborghs

Task Group on HDPE Piping for Low Safety Significance Systems
(WG-NMRRA) (BPV XI)

M. Brandes, Chair
J. E. O'Sullivan, Secretary F.]. Schaaf, Jr.
M. Golliet S. Schuessler

B. Lin R. Stakenborghs

T. M. Musto

Task Group on Repair by Carbon Fiber Composites
(WGN-MRR) (BPV XI)

J. E. O'Sullivan, Chair R. P. Ojdrovic

S. F. Arnold A. Pridmore

S. W. Choi P. Raynaud

D. R. Dechene S. Rios

M. Golliet C. W. Rowley

L. S. Gordon ]. Sealey

M. Kuntz R. Stakenborghs
H. Lu N. Stoeva

M. P. Marohl M. F. Uddin

L. Nadeau ]. Wen

C. A. Nove B. Davenport, Alternate

Working Group on Design and Programs (SG-RRA) (BPV XI)

S. B. Brown, Chair B. Lin

A. B. Meichler, Secretary H. Malikowski
0. Bhatty G. C. Park

R. Clow M. A. Pyne

R. R. Croft R. R. Stevenson
E. V. Farrell, Jr. R. W. Swayne

Task Group on Repair and Replacement Optimization (WG-D&P)

(BPV XI)
Task Group on Temper Bead Welding (BPV XI
p P 8 ( ) S. L. McCracken, Chair D. Jacobs
S.]. Findlan, Chair J. E. O’Sullivan T. Basso H. Malikowski
D. Barborak A. Patel R. Clow T. Nuoffer
M. L. Hall K. Dietrich
. Tatman
S. L. McCracken J ) E. V. Farrell, Jr. G. C. Park
N. Mohr D.]. Tilly R. C. Folley A. Patel
B. R. Newton D. E. Waskey M. L. Hall R. R. Stevenson
G Qlson J-GWeicks WL C_Holston R_G Weicks
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Subgroup on Water-Cooled Systems (SG-WCS) (BPV XI)

M. J. Ferlisi, Chair

J. Nygaard, Secretary
J. M. Boughman

S. B. Brown

S. T. Chesworth

H. Q. Do

K. W. Hall

P. ]. Hennessey

K. M. Hoffman

A. E. Keyser

S. D. Kulat

D. W. Lamond

T. Nomura

T. Nuoffer

M. A. Pyne

H. M. Stephens, Jr.

R. Thames

M. Weis

M. J. Homiack, Alternate

Task Group on High Strength Nickel Alloys Issues (SG-WCS) (BPV XI)

H. Malikowski, Chair
K. Dietrich, Secretary
W. H. Bamford

T. Cinson

P. R. Donavin

K. M. Hoffman

H. Kobayashi

C. Lohse

S. E. Marlette

B. L. Montgomery
G. C. Park

W. Sims

D. E. Waskey

C. Wax

K. A. Whitney

Working Group on Containment (SG-WCS) (BPV XI)

M. ]. Ferlisi, Chair

R. Thames, Secretary
P. S. Ghosal

H. T. Hill

A. E. Keyser

B. Lehman

P. Leininger

J. A. Munshi
M. Sircar

P. C. Smith
S. Walden
M. Weis

S. G. Brown, Alternate

Working Group on Inspection of Systems and Components
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SUMMARY OF CHANGES

Errata to the BPV Code may be posted on the ASME website to provide corrections to incorrectly published items, or to
correct typographical or grammatical errors in the BPV Code. Such Errata shall be used on the date posted.

Information regarding Special Notices and Errata is published by ASME at http://go.asme.org/BPVCerrata.

Changes given below are identified on the pages by a margin note, (21), placed next to the affected area.

Page Location Change
29% List of Sections (1) Listing for Section III updated
(2) Section XIII added
(3) Code Case information updated
xvii Foreword (1) Subparagraph (k) added and subSequent subparagraph
redesignated
(2) Second footnote revised
(3) Last paragraph added
XX Submittal of Technical Paragraphs 1(a)(3)(-b), 2(b).and 5(a)(3) revised
Inquiries to the Boiler
and Pressure Vessel
Standards Committees
xxiii Personnel Updated
1 KG-103 Revised
2 KG-116 Revised
2 KG-120 Revised
2 KG-121 Title and first paragraph revised
3 KG-141 In subpara. (a), last bulleted item added
4 Table KG-141 Revised
3 KG-150 In subpara. (e), last line revised
6 KG-210 Subparagraph (e) revised
8 KG-311.14 In last line, cross-reference updated
8 KG-311.12 Subparagraph (i) added
16 KG=510 Cross-references updated
16 KG-516 Last cross-reference updated
17 KG-522 Last cross-reference updated
18 KG-611 Third cross-reference updated
18 KG-613 Subparagraph (a) and first line of subpara. (c) revised
19 KM-100 Subparagraph (a) and first line of subpara. (c) revised
23 KM-211.1 In subpara. (b), last line revised
23 KM-211.2 Subparagraphs (a), (b), and (c) revised
24 KM-211.3 Subparagraph (b) revised

xliv


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2021.pdf

Page
27
29
29
30
31
32
33

39

46

49

56
56
57
64
65
65

71

69

71
69

Location
KM-234.1
KM-252
KM-253
KM-261
KM-304
KM-400
Table KM-400-1

Table KM-400-1M

Table KM-400-2

Table KM-400-2M

KM-620
KM-630
Table KM-620
KD-131
KD-200
KD-210

Table KD-230.2

KD-231.2

Table KD-230.3
KD-231.3

Change

In subpara. (b), second cross-reference updated
Revised

Revised

First paragraph revised

Cross-reference updated

Subparagraph (a)(4) added and subpara. (b) revised

(1) For Carbon Steel, SA-738, UNS No. revised

(2) For Carbon Steel, SA-841, Type/Grade A and B;-thickness revised

(3) For 1Cr-',Mo-V, SA-193, UNS No. K14072; Specified Min.
Tensile 100, thickness revised

(4) Entries for 3,Ni-1Cu-%,Cr, SA-736, Type/Grade A, entries for
Specified Min. Tensile 90, 72, and, 65 deleted

(5) Note (16) revised

(1) For Carbon Steel, SA-738, UNS)No. revised

(2) For Carbon Steel, SA-841,\Type/Grade A, thickness and specified
min. tensile revised; for-Type/Grade B, thickness revised

(3) For C-Y,Mo, SA-320;.thickness revised

(4) For 1Cr-YsMo, SA-193 Type/Grade B7, SA-320 Type/Grade L7M,
SA-320 Type/Grade L7, thickness revised

(5) For 1Cr-"4Mo-V, SA-193, UNS No. K14072, Specified Min.
Tensile 690, thickness revised

(6) For ¥3/,Cf-'/,Mo-Ti, SA-517, UNS No. K21604, Specified Min.
Tensileé 725 and 795, thickness revised

(7) Eor*/,Ni-',Cr-,Mo-V, SA-517, K11576, thickness revised

(8)Entries for 3/,Ni-1Cu-%/,Cr, SA-736, Type/Grade A, entries
deleted for specified min. tensile 620, 495, and 450

(9) For 1Y/,Ni-1Cr-*,Mo, SA-517, K21650, thickness revised

(10) Note (16) revised

(1) Notes (11) and (12) added and entries in Notes column updated
(2) In Notes (6) and (8), cross-references updated

(1) Notes (11) and (12) added and entries in Notes column updated
(2) In Notes (6) and (8), cross-references updated

In first paragraph, first line revised
Cross-references updated

In second column, entries editorially revised
Subparagraph (b) revised

Subparagraphs (d) and (e) revised

(1) Subparagraph (c) added and subsequent subparagraphs
redesignated
(2) Subparagraph (o) deleted

Second entry added

(1) Subparagraph (b) revised
(2) Paragraph below subpara. (b)(4) revised

In first column, last entry corrected by errata from “143” to “1.43”

In Step 3, second sentence revised
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Page
72
71

74
75

78
81
82
86

87
90

93

97

98

100
102
110
110
110
111
111

112

112
112
117
117
118
121
123
125
131

Location
Table KD-230.4
KD-232.1

KD-234.1
KD-240

KD-312.4
KD-330
KD-341
KD-354.1

KD-372
Table KD-320.1

Table KD-320.1M

Figure KD-320.3
Figure KD-320.3M
Figure KD-320.4M
Figure KD-320.5M
KD-401

KD-412

KD-412.1
KD-412.2

KD-430

KD-440

Table KD-430
Table KD-430M
KD-601

KD-623

KD-631

KD-700

KD-723
KD-811.1
Figure KD-830.4

Change
Revised

(1) Subparagraph (a) revised
(2) In subpara. (e), definition of o, , revised in nomenclature

In Step 3, second sentence revised

(1) Subparagraph (d) revised in its entirety
(2) In subpara. (e), second and third lines revised

In subpara. (b), “0,,, i < 0” revised to “op,p, ;; < 0”
Subparagraph (a) revised and subpara. (f) deleted in its-entirety
In Step 3, second sentence revised

(1) In Step 5, last sentence revised
(2) In Step 7, first line revised

In subpara. (b), second sentence revised

(1) Entry for Figure 320.3 revised
(2) General Note (d)(5) deleted and subsequent notes redesignated
(3) Note (1) added

(1) Entry for Figure 320.3M\revised
(2) General Note (d)(5)deleted and subsequent notes redesignated
(3) Note (1) added

Revised

Revised

Editorialy)revised

Editorially revised

Subparagraphs (a) and (c) revised
Revised

Subparagraph (b) revised
Subparagraph (c) revised

(1) In subpara. (b)(2), third paragraph, definition of AK,, corrected
by errata
(2) In subpara. (d), definitions of C, and m revised in nomenclature

(1) In first paragraph, first sentence revised
(2) In second paragraph, second sentence revised

Title and second column head revised

Title and second column head revised

Subparagraph (d) revised

Subparagraphs (b), (d), (), and (g) revised

Revised

In subpara. (d)(1), fourth line revised

Revised

In second equation, first denominator E; revised to E;

Revised
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Page
132
137
145
157
158

159
163
181

184
184
185
185
186

193
193

195
196
204
230

232
237
238
239

241
241
241
241
244

Location
Figure KD-830.5
KD-922
KD-1110
KD-1270
KD-1310

KD-1311
KF-201
KF-821

Figure KF-822(b)
KF-825.4

Figure KF-825.4
Figure KF-825.4(b)
KF-826

KF-1211
KF-1212

Part KR
Part KOP
KE-112.1
KE-503

KT-230
KT-510
KS-100
KS-120

KS-200
KS-230
KS-240
KS-250
1-100

Change
[llustrations (c) and (d) revised
Revised

Fourth cross-reference updated
Subparagraph (a)(2) revised

(1) In subpara. (c), last cross-reference updated
(2) In subpara. (h), first and second sentences, last cross-reference
updated

Last cross-reference updated
In subpara. (a), first line revised

(1) Subparagraph (f) revised
(2) Subparagraph (g) deleted and last twae“paragraphs added

Editorially revised

Subparagraph (b) revised

Former Figure KF-826.4(a), redesignated and revised
Deleted

(1) New designator KF-826.1 added and subparas. (c)(1), (c)(2), and
(c)(3) revised
(2) KF-826.2 added

In third €entence, cross-reference updated

(1) In_stibpara. (a), cross-references updated
(2l subpara. (b)(2), first sentence, last cross-reference updated

Revised in its entirety
Added
Revised in its entirety

(1) Subparagraph (b) revised
(2) In subpara. (b)(2), cross-references to Section X updated

Revised
Subparagraph (a) revised
Subparagraph (b) revised

(1) Subparagraph (b) revised
(2) Subparagraph (c) merged with subpara. (b)

Revised
Revised
Revised
Subparagraph (c) deleted and subpara. (d) redesignated as (c)

(1) Definitions of 4, C, C,, CTOD, CVN, d, F;, M, mnAS,,pge, n, P,
Pr, S, Sa0S,, W, Z, a, o, revised

(2) Definitions of Cy, Cr, Eg, E¢, Jcrits Kes» Kjer ke1, Po, Siv Su, St
Ocrit, added

(3) Definitions of /., Kp, Kuteq, La, Pp, Wa, Wy, p deleted
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Page
252

255
266

278
278
279
279
296
298
299
315
325
325

326
327

328

Location

Mandatory Appendix 2

5-100
Mandatory Appendix 9

Form K-4
Table A-100.2
Form K-5
Table A-100.3
D-600

E-210

E-222

Figure H-101
K-110

K-200

Figure K-200-2

Nonmandatory
Appendix L

Nonmandatory
Appendix M

Change

2-100, 2-110(c), 2-112, 2-113, 2-114, 2-118, 2-120, 2-121, and
2-124 revised

Revised

(1) 9-100, 9-200, 9-210, 9-220, 9-250, 9-260, 9-270, 9-300 revised

(2) Former Figure 9-200-1 redesignated as Figure 9-200.1 and
revised

(3) 9-110 and Table 9-100.1 added

Deleted

Deleted

Deleted

Deleted

Deleted

Revised

Subparagraph (a) revised
Note (1) revised
Definition of T, revised

(1) Subparagraphs (f),and (g) merged and revised
(2) Subparagraphs (h) and (i) resdesignated as (g) and (h),
respectively,‘and revised

Revised

Deleted~Refer to ASME Section VIII, Division 2, Annex 5-A.

Added
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CROSS-REFERENCING AND STYLISTIC CHANGES IN THE BOILER
AND PRESSURE VESSEL CODE

There have been structural and stylistic changes to BPVC, starting with the 2011 Addenda, that should be noted to aid
navigating the contents. The following is an overview of the changes:

Subparagraph Breakdowns/Nested Lists Hierarchy

¢ First-level breakdowns are designated as (a), (b), (c), etc., as in the past.

¢ Second-level breakdowns are designated as (1), (2), (3), etc., as in the past.
¢ Third-level breakdowns are now designated as (-a), (-b), (-c), etc.
Fourth-level breakdowns are now designated as (-1), (-2), (-3), etc.
Fifth-level breakdowns are now designated as (+a), (+b), (+c), etc.
Sixth-level breakdowns are now designated as (+1), (+2), etc.

Footnotes

With the exception of those included in the front matter (roman-numbéred pages), all footnotes are treated as end-
notes. The endnotes are referenced in numeric order and appear at the.end of each BPVC section/subsection.

Submittal of Technical Inquiries to the Boiler and Pressure Vessel Standards Committees

Submittal of Technical Inquiries to the Boiler and Pressure/Vessel Standards Committees has been moved to the front
matter. This information now appears in all Boiler Code Sections (except for Code Case books).

Cross-References

It is our intention to establish cross-reference'link functionality in the current edition and moving forward. To facil-
itate this, cross-reference style has change@d.Gross-references within a subsection or subarticle will not include the des-
ignator/identifier of that subsection/subarticle. Examples follow:

e (Sub-)Paragraph Cross-References.The cross-references to subparagraph breakdowns will follow the hierarchy of

the designators under which.the breakdown appears.

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

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

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

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

e Equation Cross-References. The cross-references to equations will follow the same logic. For example, if eq. (1) ap-

pears in X.1(a)(1) but is referenced in X.1(b), it will be referenced as eq. (a)(1)(1). If eq. (1) appears in X.1(a)(1) but
is referenced in a different subsection/subarticle/paragraph, it will be referenced as eq. X.1(a)(1)(1).
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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 pres-
sure limits for either Section VIII, Division 1 or 2, nor
minimum pressure limits for this Division. Specific pres-
sure limitations for vessels constructed to the rules of this
Division may be imposed elsewhere in this Division for
various types of fabrication. Whenever Construction\ap-
pears in this document, it may be considered an
all-inclusive term comprising materials, desigfy, fabrica-
tion, examination, inspection, testing, certification, and
pressure relief.

KG-102 DESCRIPTION

Pressure vessels within the seope of this Division are
pressure containers for the retainment of fluids, gaseous
or liquid, under pressure, either internal or external.

This pressure may be.genherated by

(a) an external source

(b) the application of heat from

(1) direct(source

(2) indirect source
(c) a_precess reaction
(d)-any combination thereof

KG-103 LAWS OR REGULATIONS

The scope of this Division has been established to iden-
tify components and parameters considered in formulat-
ing the rules given in this Division. Laws or regulations
issued by municipal, state, provincial, federal, or other en-
forcement or regulatory bodies having jurisdiction at the
location of an installation establish the mandatory applic-
ability of the Code rules, in whole or in part, within the

linricdir‘finn Those laws aor rngn]:\finnc may require the

use of this Division for vessels or components not consid-
ered to be within itsZscope. These laws or regulations
should be reviewed\to determine size or service limita-
tions of the coverage; which may be different or more re-
strictive 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 op-
eration and maintenance control are maintained in con-
formance 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-105 DIRECT FIRED

Pressure vessels which are subject to direct firing and
are not within the scope of Section I may be constructed
to the rules of this Division, except as excluded by
KG-120.

KG-110 GEOMETRIC SCOPE OF THIS
DIVISION

The scope of this Division includes only the vessel and
integral communicating chambers and shall include the
following (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

(h) the face of the first Fl::ngn for flanged connections
o}
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(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) the welding 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.

KG-113 NONPRESSURE PARTS

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

KG-114 COVERS AND CLOSURES

Pressure-retaining permanent covers or closures, in-
cluding 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\exclusively within the scope of other Sec-
tions of theyASME Boiler and Pressure Vessel Code

(b) fired process tubular heaters (see API STD 560 or
1SO(13705)

(¢) 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) generators

(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 componenty 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 i§-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

A field site is a location of final permanent installation
of the pressure equipment. An intermediate site is a tem-
porary location under 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 a field site. All Code activities may be performed at
intermediate or field sites by the Certificate Holder pro-
vided they comply with all Code requirements, and con-
trol of 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 of the vessel completes the vessel
in the field or at an intermediate site.

(b) The Manufacturer of parts of a vessel to be com-
pleted 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 as-
sembly, required nondestructive examination (NDE), and
final pressure test; completes the Manufacturer’s Data Re-
port 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 ap-
propriate Designator for a specified time and for a speci-

(21)
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fied scope of activity
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(c) Code work at field or intermediate sites is com-
pleted by a Certificate Holder of a valid U3 Certificate of
Authorization other than the Manufacturer. The Certifi-
cate Holder performing the work is required to supply a
Manufacturer’s Data Report Form K-2 covering the por-
tion of the work completed by his organization (including
data on the pressure test if conducted by the Certificate
Holder performing the fieldwork) to the Manufacturer re-
sponsible for the Code vessel. The Manufacturer applies
his Certification Mark with U3 Designator in the presence
of a representative from his Inspection Agency and com-
pletes the Manufacturer’s Data Report Form K-1 with his
Inspector.

In all three alternatives, the party completing and sign-
ing 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 Reds, Elec-
trodes, and Filler Metals

- Part D — Properties
e Section V, Nondestructive Examindtion

e Section VIII, Division 1, Rules;for Construction of
Pressure Vessels
e Section VIII, Division 2,3 Alternative Rules for Con-
struction of PressureVessels
e Section IX, Welding, Brazing, and Fusing
Qualifications
e Section Xs\Piber-Reinforced Plastic Pressure
Vessels
o Section XIII, Rules for Overpressure Protection
(b) Throughout this Division references are made to
various Standards, such as ASME standards, that cover
préssure-temperature rating, dimensional, 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
hy this Division (cnn Part I(M)

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, fabrica-
tion, examination, inspection, testing, certification, and
overpressure protection.

(b) A single system of units shall be used for all aspécts
of design except where otherwise permitted by this,Divi-
sion. When components are manufactured at different lo-
cations where local customary units are different than
those used for the general design, the local.units may be
used for the design and documentationyof that compo-
nent, within the limitations given in((c). Similarly, for pro-
prietary components or those uniquely associated with a
system of units different thanthdt used for the general de-
sign, the alternate units may be used for the design and
documentation of that ecomponent, within the limitations
given in (c).

(c) For any single‘equation, all variables shall be ex-
pressed in a single system of units. Calculations using
any material.data published in this Division or Section
I1, Part D. (e:g., allowable stresses, physical properties, ex-
ternal \pressure design factor B, etc.) shall be carried out
in ene of the standard units given in Table KG-150. When
separate equations are provided for U.S. Customary and
SI units, those equations must be executed using variables
in the units associated with the specific equation. Data ex-
pressed in other units shall be converted to U.S. Custom-
ary or SI units for use in these equations. The result
obtained from execution of these equations or any other
calculations carried out in either U.S. Customary or SI
units may be converted to other units.

(d) Production, measurement, and test equipment,
drawings, welding procedure specifications, welding pro-
cedure and performance qualifications, and other fabrica-
tion documents may be in U.S. Customary, SI, or local
customary units in accordance with the fabricator’s prac-
tice. When values shown in calculations and analysis, fab-
rication documents, or measurement and test equipment
are in different units, any conversions necessary for ver-
ification 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 ex-
pressed 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 Nonman-
datory 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

(21)
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Table KG-141
Referenced Standards in This Division and Year of Acceptable Edition

Title Number Year
Fitness-For-Service API 579-1/ASME FFS-1 2016
Steels for Hydrogen Service at Elevated Temperatures and Pressures in Petroleum Refineries and API RP 941 2016

Chemical Plants
Fired Heaters for General Refinery Service
Minimum Design Loads for Buildings and Other Structures
Unified Inch Screw Threads (UN and UNR Thread Form)

Pipe Flanges and Flanged Fittings, NPS %, Through NPS 24 Metric/Inch Standard
Nuts for General Applications: Machine Screw Nuts, Hex, Square, Hex Flange, and Coupling Nuts (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 Methods for Tension Testing Wrought and Cast Aluminum- and Magnesium-Alloy

Products

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

API Standard 560 Latest Edition

ASCE/SEI 7 2016
ASME B1.1 Latest edition
ASME B16.5 2017
ASME B18.2.2 Latest edition

ASME B18.2.6M laatest edition

Hardness, Rockwell Hardness, Superficial Hardness, Knoop Hardness, and Scleroscope Hardness

Standard Test Method for Sharp-Notch Tension Testing of High-Strength Sheet Materials
Standard Method for Linear-Elastic Plane-Strain Fracture Toughness of Metallic Matetials
Standard Test Method for Sharp-Notch Tension Testing With Cylindrical Specimens.
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‘fot) 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 of Reference Tempeérature, T, for Ferritic Steels in the

Transition Range
Marking and Labeling Systems

Guide to Methods for Assessing the Acceptability of.Elaws in Metallic Structures
Petroleum, petrochemical and natural gas industries — Fired heaters for general refinery service

ASME B31.3 Latest edition
ASME B46.1 Latest edition
ASME CA-1 Latest edition
ASME PCC-3 Latest edition
ASME QAI-1 Latest edition
[Note (1)]

ASTM-B557 2015

ASTM D2290 2019a

ASTM E8 Latest edition
ASTM E23 Latest edition
ASTM E140 Latest edition
ASTM E338 2003

ASTM E399 2020

ASTM E602 2003

ASTM E647 2015

ASTM E1049 Latest edition
ASTM E1681 2003 (R2013)
ASTM E1820 2020

ASTM E1823 2013

ASTM E1921 Latest edition

Latest edition
2019
Latest edition

ANSI/UL-969
BS-7910
1SO 13705

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

NOTE:
(1) See KG-411.

Manufacturer shall'provide the source of the conversion
factors which shall be subject to verification and accep-
tance by the Authorized Inspector.

(f) Dimensjons 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)
that have been certified to either U.S. Customary or SI

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.
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Table KG-150
Standard Units for Use in Equations

Quantity

U.S. Customary Units

SI Units

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 (Ibf)
inch-pounds (in.-Ib)

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

degrees Fahrenheit (°F)
Rankine (°R)

ksi square root inches (ksi +/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 (J)

degrees Celsius<(°C)

kelvin (K)

MPasquare root meters (MPavm)
dégrees or radians

watts (W)

KG-160 TOLERANCES

The Code does not fully address tolerances. When di-
mensions, sizes, or other parameters are not specified
with tolerances, the values of these parameters are

considered nominal and allowable tolerances or local var-
iances may be*considered acceptable when based on
engineeringijudgment and standard practices as deter-
mined\bythe designer.
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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 con-
cerning material properties (see Section II, Part D)

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

(d) Part KF contains requirements for the fabrication of
vessels and vessel parts.

(e) Part KOP contains rules for overpressure
protection.

(f) Part KE contains requirements for nondestructive
examination and repair of materials, vessels, and yessel
parts.

(g) Part KT contains testing requiremehts and
procedures.

(h) Part KS contains requirements for‘stamping and
certifying vessels and vessel parts. 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 ad-
dress specific subjects.not covered elsewhere in this Divi-
sion. Their requireinerts are mandatory when applicable.

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

KG-230 ARTICLES AND PARAGRAPHS

KG-231 Articles. The main divisions of the 'Parts of
this Division are designated Articles. These @ré given
numbers and titles such as Article KG<I5Scope and
Jurisdiction.

KG-232 Paragraphs and Subparagraphs. The
Articles are divided into paragraphs and subparagraphs
which are given three-digit ntunbers, the first of which
corresponds to the Article iumber. Each such paragraph
or subparagraph number is/prefixed with letters which,
with the first digit (hundreds), indicate the Part and
Article of this Division in which it is found, such as
KD-140, whichis*a*subparagraph of KD-100 in Article
KD-1 of Part KD:

(a) Majox 'subdivisions of paragraphs or subparagraphs
are indicated by the basic paragraph number followed by
a decinal point and one or two digits. Each of these sub-
divisions 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 or are of primary interest. A list of symbols is given
in Mandatory Appendix 1.



https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2021.pdf

ASME BPVC.VIIL3-2021

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 meet-
ing the requirements of this Division. The responsibilities
and duties set forth in the following relate only to compli-
ance with this Division, and are not to be construed as in-
volving 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
in his 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_fof
design and construction in accordance with this Diyision.
It is the User's responsibility to specify, or causé)to be
specified, the effective Code Edition to bedsed for
construction.

A single User's Design Specification may be prepared to
support the design of more than ohe pressure vessel
when all details of the construction@re identical for each
pressure vessel. The location of installation shall be a sin-
gle, specific jurisdiction, provided that all technical re-
quirements of the User'stDesign Specification are
identical (see Article KG:1).

(a) The designated agent may be

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

(2) the Manufacturer of a system for a specific ser-
vice 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 sev-
eral areas of expertise when needed (e.g., design, metal-
lurgy, fabrication, pressure relief).

(c) A designated agent may be self-appointed as such
by accepting certain responsibilities of a designated
agent, as in the case of vessels designed, manufactured
(built) for stock, and intended for operation in a specific

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

KG-311 USER'S DESIGN SPECIFICATION

The User’s Design Specification shall include the
following.

KG-311.1 Vessel.ldentification.
(a) vessel number

(b) name, function, purpose

(c) servicefluid

KG-311:2 Vessel Configuration.

(@) shape

(b) vertical or horizontal

(c) nominal size or volume capacity

(d) support method and location, including the founda-
tion type and allowable loading, if applicable (see KD-110
and Article KD-7)

(e) construction type

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

(g) items furnished by Manufacturer

(h) items furnished by User

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 applica-
ble 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 de-
vices 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

application
rr

temperature may be cpn{‘iﬁnd
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(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 nor-
mally be exposed in service, including process upsets,
dumps, jet impingement, etc. Also, see KD-112 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 service. The operating pres-
sure shall not exceed the design pressure. 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 materials

(c) proposed methods of heating and cooling, as well as
those upset conditions that could lead to rapid heating or
cooling of 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 resistancefte_process cor-
rosion (specific or generic)

(b) corrosion/erosion allowance

(c) any information relating to possible deterioration of
the selected construction materials due to environmental
exposure. Examples of such goncerns may be found in, but
are not limited to, Section II, Part D, Nonmandatory
Appendix A, Metallurgical Phenomena.

(d) if materials 6f construction include steels with a
minimum specified yield strength greater than 120 ksi
(827 MPa), state*whether the material, when loaded, will
be in contact/with water or an aqueous environment at
any time

When’additional requirements are appropriate for the
intended service, see KG-311.12.

KG-311.8 Loadings.

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

(b) This loading data may be established by

(1) calculation

[7) nvpnrimnnfnl methads

(3) actual measurement for similar conditions
(4) computer analysis
(5) published data

(c) The source of loading data shall be stated.

(d) 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 and cycles.

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 es-
tablished based on docuniénted experience with similar
designs, size, material properties, and operating condi-
tions (see KD-141) or.if'leak-before-burst is to be estab-
lished analytically~\The number of design cycles shall be
calculated by Artiele KD-4 if leak-before-burst cannot be
established.

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

KG-311.11 Overpressure Protection. The User or his
designated agent shall be responsible for the design, con-
struction, and installation of the overpressure protection
system. This system shall meet the requirements of Part
KR. Calculations, test reports, and all other information
used to justify the size, location, connection details, and
flow capacity for the overpressure protection system
shall be documented in the User Design Specification
[see KOP-100(b)].

KG-311.12 Additional Requirements. The User shall
state in the User’s Design Specification what additional
requirements are appropriate for the intended vessel ser-
vice (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
treatments.

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

(d) The User shall state whether U.S. Customary or SI
units are to be used in all certified documents, and on
all marking and stamping required by this Division. The

User shall also state if dnp]i{‘nhﬂ n:\mpplnfnc and certified
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documents in a second language are required, and if there
are any other special requirements for markings and their
locations. See also KG-150 and KS-130.

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

(f) Specific additional 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 Specifi-
cation 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

(a) location

(b) jurisdictional authority (the User shall state the
name and address of the jurisdictional autherity that
has jurisdiction at the site of installation of-the vessel,
and state any additional requirements or{estrictions of
that authority that pertain to the desigh, construction,
or registration of this vessel)

(c) environmental conditions

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

(a) One or more Prefessional 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 meéts the requirements in KG-311, and shall apply
the Professional Engineer seal in accordance with the re-
quirédyprocedures. In addition, the Registered Profes-
sional Engineer(s) shall prepare a statement to be
affixed to the document attesting to compliance
with the applicable requirements of the Code; see
KG-311.15(e). This Professional Engineer shall be other
than the Professional Engineer who certifies the Manufac-
turer’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

dpcign conditions shall r‘nrtif‘y that the User’s nﬂcign

Installation Site.

Specification meets the requirements in KG-311. Such
certification requires the signature(s) of one or more En-
gineers with requisite technical and legal stature, and jur-
isdictional authority needed for such a document. One or
more individuals shall sign the documentation based on
information they 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-311.15(e).

KG-311.15 Requirements for Engineers Who Sign
and Certify a User's Design Specificationt;, Any Engineer
who signs and certifies a User’s Design Specification shall
meet one of the criteria shown in\ (&), (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 one or more-ofithe states of the United States
of America or the previnces 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 he
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 Specifica-
tion 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 their signature under “areas of responsi-
bilities” (e.g., design, metallurgy, pressure relief, fabrica-
tion, etc.). In addition, one of the Engineers 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.

KG-311.16 Additional User's Design Specification
Requirements for Composite Reinforced Pressure Ves-
sels (CRPV). The User shall state in the User’s Design
Specification 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 Hpgr:\dnfinh of
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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

I (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:

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 Manufagturer 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
whiehhare required to meet the conditions in the User’s
Design Specification and shown in the Manufacturer’s De-
sigh 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 rncpn‘ncihi]ify 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 require-
ments of this Division.

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

KG-323 MANUFACTURER'S DESIGN REPORT

As a part of his responsibility, the Manufacturer shall
provide a Manufacturer’s Design Report that includes

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

(b) final and as-built drawings

(c) a single Manufacturer's Design Report may be com-
pleted and certified to document more than one pressure
vessel when all details of construction are identical for
each pressure vessel. The location of installation shall

be 2 cing]n, cpnr‘ifir }'nricdirrinn, prnvidnd that all
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technical requirements of the User's Design Specification
are identical. A separate Manufacturer's Data Report shall
be issued for each vessel.

(d) the results of the fatigue analysis according to
Articles KD-3 and KD-4, and KD-1260, if applicable.

(e) documentation of the consideration of the effects of
heating, or heat treatments during manufacturing, and si-
milarly, the maximum metal temperature specified, 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 he has not in-
stalled closures such as the service cover, or closure or
other connections.

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

(h) 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 bé
used to certify the Manufacturer’s Design Report.

(a) One of more Professional Engineers," registeted in
one or more of the states of the United States ¢f America
or the provinces of Canada and experienced.in pressure
vessel design, shall certify the Manufacturét’s Design Re-
port meets the requirements in KG-323,"The Registered
Professional Engineer(s) shall apply-the Professional En-
gineer seal in accordance with the‘required procedures.
In addition, the Registered Professional Engineer(s) shall
prepare a statement to be affixed to the document attest-
ing 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 em-
ployed by or-affiliated with the same organization.

(b) Oné:er more individual(s), experienced in pressure
vessel design shall certify that the Manufacturer’s Design
Report meets the requirements in KG-323. Such certifica-
tion requires the signature(s) of one or more Engineers
with requisite technical and legal stature, and corporate
authority needed for such a document. These responsible
individuals shall sign the documentation based on infor-
mation they reviewed, and the knowledge and belief that
the objectives of this Division have been satisfied. In addi-
tion, these individuals shall prepare a statement to be af-
fixed to the document attesting to compliance with the

app]irnh]p requirements of the Code; see KG-324.1 (1)

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 State$
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 shalll identify the
location and the licensing or registering authorities
under which he has received the authority to perform en-
gineering work stipulated by.the user in the Design
Specification.

(c) An Engineer experienced in pressure vessel design
who meets all requiged-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 Engineérs,Mobility Forum.

(d) The Engineer certifying the Manufacturer’s Design
Repartshall comply with the requirements of the location
to_practice engineering where that Report is prepared un-
less' the jurisdiction where the vessel 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 their signature under “areas of re-
sponsibilities” (e.g., design, metallurgy, pressure relief,
fabrication, etc.). In addition, one of the Engineers signing
the Manufacturer’s Design Report shall certify that all ele-
ments 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 Records are rec-
onciled 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 for the conditions stated
in the User’s Design Specification.

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

(i) An example of a typical Manufacturer’s Design Re-
port Certification Form is shown in Form KG-324.1.

11
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Form KG-324.1
Typical Certification of Compliance of the Manufacturer's Design Report

Code,
is made on behalf of the Manufacturer

CERTIFICATION OF COMPLIANCE OF
THE MANUFACTURER’S DESIGN REPORT

I (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
Edition and Code Case(s)

. This certification

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:

KG-325 MANUFACTURER'S CONSTRUCTION
RECORDS (MCR)

The Manufacturer shall,prepare, collect, and maintain
construction records and.documentation of NDE reports,
repairs, and deviationsffom drawings, as production pro-
gresses, to show compliance with the Manufacturer’s De-
sign Report. Anyindex to the construction records file shall
be maintained-current. See KS-320.

KG-330 DESIGNER

The Designer is the individual engineer, or group of en-
gineers, experienced in high pressure vessel design, who
performs the required analysis of the vessel. The Designer
may be in the employ of the Manufacturer, or an Agent
acting in his behalf.

12
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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 giv-
en in the applicable paragraphs.

KG-410 MANUFACTURER'S
RESPONSIBILITIES

KG-411 INSPECTION CONTRACT

The Manufacturer shall have in force, at all times, a va-
lid inspection contract or agreement with an accredited
Authorized Inspection Agency, employing Authorized In-
spectors as defined in KG-431. A valid inspection contract
or agreement is a written agreement between the Manu:
facturer and the Authorized Inspection Agency in whieh
the terms and conditions for furnishing the service are
specified and in which the mutual responsibilities of the
Manufacturer and the Inspector are stated.

KG-412 CERTIFICATION

The Manufacturer who completés any vessel to be
marked with the Certification Mark 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 his signa-
ture 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 him reasonably in advance when the vessel or ma-

KG-414 DOCUMENTATION FURNISHED TO
INSPECTOR

The Manufacturer shall provide documentation and re-
cords, with ready and timely 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 sumumarized 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)

(c) the mill'test report or material certification for all
material.used in the fabrication of the vessel or part in-
cluding‘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 re-
pairs 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)

(k) reports of examination 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

terials will be rn:\dy for any rnqnirnd tests or inspections
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(1) reports of examination of parts as fabrication pro-
gresses for material identification (see KG-413 and
KS-301) that surface defects are not evident, and that di-
mensional 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 In-
spector (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 manual will be
reviewed with the Inspector together with the entire
Quality Control Manual.

(b) Work such as forming, nondestructive examination,
heat treating, etc.,, may be performed by others.\[t)is the
vessel Manufacturer’s responsibility to ensure that all
work performed complies with all the applicable require-
ments of this Division. After ensuring compliance, and ob-
taining permission of the Inspector,the vessel may be
stamped with the Certification Mark.

(c) Subcontracts that involve welding on the pressure
boundary components for construction under the rules
of this Division, other than-repair welds permitted by
the ASME material spetifications, shall be made only to
subcontractors holdintiga valid Certificate of Authoriza-
tion with U, U2, or‘U3 Designators.

(d) A Manufdgturer may engage individuals by contract
for their services as Welders or Welding Operators, at
shop or site Tocations shown on his Certificate of Author-
ization, 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
Authorization.

(2) The use of such Welders or Welding Operators is
described in the Quality Control Manual of the Manufac-
turer. The Quality Control System shall include a require-
ment for direct supervision and direct technical control of
the Welders and Welding Operators, acceptable to the

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

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

(5) Code responsibility and control is retained by the
Manufacturer.

KG-430 THE INSPECTOR
KG-431 IDENTIFICATION OF INSPECTOR

All references to Inspectors throughoutthié Division
mean the Authorized Inspector as definedin this para-
graph. All inspections required by this\Division shall be
by an Inspector qualified according\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 ex-
clusively for its own.use and not for resale which is de-
fined as a User~Manufacturer. This is the only instance
in which amr Inspector may be in the employ of the
Manufacturer:

KG-432 INSPECTOR QUALIFICATION

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

KG-433 MONITOR QUALITY CONTROL SYSTEM

In addition to the duties specified, the Inspector has the
duty to monitor the Manufacturer’s Quality Control Sys-
tem 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 pro-
duction, and to reconcile any deviations from the Manu-
facturer’s Design Report.

KG-440 INSPECTOR'S DUTIES

The Inspector of vessels to be marked with the Certifi-
cation Mark with U3 Designator has the duty of making all
required inspections and such other inspections as he
considers are necessary in order to satisfy himself that
all requirements have been met. Some typical required in-
spections and verifications, which are defined in the ap-
plicable rules, are summarized as follows:

(a) to verify that the Manufacturer has a valid Certifi-
cate of Authorization and is working according to an ap-

Manufacturer's accredited Authorized Inspection Agency
r (=] 4
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(b) to verify that applicable Design Report, User’s De-
sign 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) to verify 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 trans-
ferred (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, -in%
cluding stamping, and that the nameplate has been‘per-
manently attached to the proper vessel or‘vessel
chamber (see Article KS-1)

(1) to sign the Certificate of Inspection on’the Manufac-
turer’s Data Report when the vessel, tojthe best of his
knowledge and belief, is complete and in-compliance with
all the provisions of this Division (see’ Article KS-3)

(m) to verify that the Manufacturer has maintained
proper records (see KS-320 and KG-320)

15
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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 a laminate of continu-
ous 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 cylindrical metallic layer and cured in place. Open-
ings are not permitted in the laminate. Metallic ends and
nozzles complete the construction; see Section X, Manda-
tory 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 thicknéss
of the metallic layer shall not be less than 0.25 in. (6«m).

KG-512 SERVICE LIFE

Service life for CRPV constructed under the'rules of this
Division shall be limited to twenty yearsfrom the date of
manufacture as noted on Form CRPV<1A.

KG-513 APPLICATION SPECIFIC TESTS AND
OTHER REQUIREMENTS

This Division does not include requirements or rules
for tests that may be appropriate for certain applications
(e.g., fire tests, drop)tests, projectile impact tests). For
some applications, it may be necessary to consider addi-
tional condjtigns 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

the vessel at a temperature of 68°F (20°C). In other’stan-
dards and regulations, the term “working pressure” is
used with the same definition. In these standards and reg-
ulations it is generally allowable for the\service or work-
ing pressure to be exceeded as the gas-is heated beyond
68°F (20°C) during filling or due €0-atmospheric heating.
For pressure vessels to be used.in transport service con-
structed to this Code, the servicé pressure and the work-
ing pressure shall be the maXimum expected pressure ata
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 pres-
sure, or the expected pressure due to heating during fill-
ing or atmospheric heating shall not exceed the design
pressureyofithe 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 Speci-
fication 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 dur-
ing 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 aforemen-
tioned temperature ranges.

KG-518 LAMINATE TENSILE STRENGTH AND
ELASTIC MODULUS

The User’s Design Specification shall state the required
minimum tensile strength and the nominal elastic modu-
lus for the laminate in the maximum property direction

(21
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KG-520 SUPPLEMENTAL GENERAL
REQUIREMENTS FOR CRPV

REQUIREMENTS FOR CRPV USED IN
TRANSPORT SERVICE

(a) CRPV used in transport service shall conform to the
regulatory requirements specific to the application in ad-
dition to this Division. Government regulatory agencies
and other jurisdictions issue rules that may require com-
pliance 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 scope
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.

KG-521

(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 follow-
ing statements:

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

(-b) “Constructed for service according to, the re-
quirements of (regulatory agency or additiohal code(s)
in this space).”

(4) The loads on the CRPV imposed-by the conditions
of transport, including accident lodads, relocation of the
CRPV between sites, and cyclicloading and discharge
shall be considered as part of- KD-110.

(5) The CRPV shall not be*ised as structural support
members in the transpertweéhicle or vessel structure.

KG-522 SUPPLEMENTARY MANUFACTURER'S
RESPONSIBILITIES

Additionalhsupplementary Manufacturer's require-
ments are found in Section X, Mandatory Appendix 10,
10-203,

2y
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(21)

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 sub-
jected to internal impulsive loadings that may consist of
blast pressure from a detonation source and mechanical
loadings caused by detonation fragments. Impulsive load-
ing 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, exeept as cov-
ered in Article KM-7.

KG-613 OVERPRESSURE PROTECTION

In accordance with KG-311.11, the User efhis desig-
nated agent, shall be responsible for the provision in
the Design Specification of the administrative or engi-
neered controls that provide overpréssure protection as
specified in Article KOP-3.

KG-614 LOADINGS

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

(a) theyimpulsive loading design basis.

(b)itpulse source location within the vessel (i.e., ves-
sel\Center, off-center, etc.).

(c) the basis for administrative controls limiting the im-
pulse 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.

(21
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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 me-
tals, 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 cov-
ers 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 shalt
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 ma-
terial specifications given in Section H 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 Di-
vision. In those specifications in which chemical composi-
tion or mechanical propérties vary with size or thickness,
materials outside thé range shall be required to conform
to the composition-and mechanical properties shown for
the nearest specified range.

(c) Except as provided in Articles KM-5, KM-7, and this
paragraph; materials other than those allowed by this Di-
vision) shall not be used for construction of the
pressure-retaining component, including bolting and pre-
stressed inner layer.

(1) Data on other materials may be submitted to and
approved by the ASME Boiler and Pressure Vessel Com-
mittee in accordance with Section II, Part D, Mandatory
Appendix 5.

(2) A vessel or part Manufacturer may certify materi-
als identified with a specification not permitted by this Di-

vision, prnvidnd the Fn”nu/i‘ng requirements are satisfied:

(-a) All requireménts (including, but not limited
to, melting method, meélting practice, deoxidation, quality,
and heat treatment) of a specification permitted by this
Division to which.the material is to be certified, including
the requirements of this Division, have been demon-
strated to.have been met.

(-b) -A certification that the material was manufac-
tured.and tested in accordance with the requirements of
the'specification to which the material is certified (a Cer-
tificate of Compliance), excluding the specific marking re-
dquirements, has been furnished to the vessel or part
Manufacturer, together with copies of all documents
and test reports pertinent to the demonstration of confor-
mance 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 sec-
tions for the purpose of engaging seals and/or retaining
end loads may be manufactured from forging or bar pro-
duct 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 Di-
vision 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, all special requirements of Part KM which are
to be fulfilled by the Materials Manufacturer, and all sup-
plementary material requirements specified by the User’s
Design Specification (KG-311) have been complied

with The certification shall consist of 2 Materials

19


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2021.pdf

ASME BPVC.VIIL.3-2021

Manufacturer’s material test report showing numerical
results of all required tests, and shall certify that all re-
quired examinations and repairs have been performed
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 that are 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),
(), (d), and (e) below. When the prefabricated or pre-
formed parts are furnished with a nameplate that con-
tains product-identifying marks and the nameplate
interferes with further fabrication or service, and where
stamping on the material is prohibited, the Manufacturer
of the completed vessel, with the concurrence of the
Authorized Inspector, may remove the nameplate. The re-
moval 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 not be manufactured by a Certificate of Authoriza:
tion Holder.

Prefabricated or preformed pressure parts may be‘sup-
plied as follows:

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

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

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

(b) Cast, Forged,-Rolled, or Die-Formed Nonstandard
Pressure Parts. Pressure parts such as shells, heads, remo-
vable doors, and.pipe coils that are wholly formed by cast-
ing, forging,\rolling, or die forming may be supplied
basically as materials. All such parts shall be made of
matenials-permitted under this Division, and the Manufac-
turér 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
other markings 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 pressure-
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 appropri-
ate standard listed in this Division.

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

(4) Pressure parts such as welded standard pipe fit-
tings, welding caps, and flanges that_are fabricated by
one of the welding processes recognized by this Division
do not require inspection or identification in accordance
with KM-101 except that certified reports of numerical
results or certificates of compliance of the required Char-
py V-notch impact testingyef the parts shall be supplied to
the Manufacturer of the completed vessel. Partial Data Re-
ports 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 lo-
cation.6f'the parts manufacturer or in the location of the
Manufacturer of the vessel to be marked with the Certifi-
cation Mark.

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

(-a) the location of the Manufacturer of the com-
pleted 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
standard:

(-a) ensure that all standard pressure parts com-
ply 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 ex-
amination by the Inspector when requested. The
documentation shall contain at a minimum

(-a) material used
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(-c) the basis for establishing the pressure-

temperature rating

(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 that are either welded or
nonwelded and comply with a manufacturer’s proprie-
tary standard or a standard other than an ASME product
standard 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 fit-
tings, welding caps, and flanges that are fabricated by
one of the welding processes recognized by this Division
do not require inspection or identification in accordance
with KM-101 except that certified reports of numerical
results or certificates of compliance of the required Char-
py V-notch impact testing of the parts shall be supplied to
the Manufacturer of the completed vessel. Partial Data Re-
ports 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 eithef,in the lo-
cation of the parts manufacturer or in the location of the
Manufacturer of the completed vessel.

(7) If radiography or other volumetric'examination is
required by the rules of this Division,.it'may be performed
at one of the following locations;

(-a) the location of the Mahufacturer of the com-
pleted vessel

(-b) the location of.the parts Manufacturer

(-c) the location of the pressure parts
manufacturer

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

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

(-b) with a permanent or temporary marking that
will serve to identify the part with the Certificate Holder
or the pressure parts manufacturer’s written documenta-
tion 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 com-

plyv with apnlicable rules of this Division
rJ rr

(-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.«documenta-
tion, and have such documentation available for examina-
tion by the Inspector when requested,(o¥;

(-b) Perform an analysis of tlie pressure part in ac-
cordance with the rules of this:Division. This analysis
shall be included in the documenitation and shall be made
available for examination“by the Inspector when
requested.

(11) 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

(d) a written certification by the pressure parts
mamnufacturer that all welding complies with Code
requirements

(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 follow-
ing conditions are met:

(1) The activities to be performed by the subcontrac-
tor 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 sub-
contracting of welding operations and these provisions
shall be acceptable to the Manufacturer’s Authorized In-
spection 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 re-

viewing and accepting the Quality Control Programs of
the subcontractor
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(5) The Certificate Holder shall ensure that the sub-
contractor uses written procedures and welding opera-
tions that have been qualified as required by this Division.

(6) The Certificate Holder shall ensure that the sub-
contractor uses personnel that have been qualified as re-
quired 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 sub-
mitted to the Inspector for acceptance conform to all ap-
plicable 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
subcontractor.

(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
corrosion-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 materi-
als may be any metallic op-nonmetallic material suitable
for the intended serviceseonditions (see KG-311).

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

The requirements of Article KM-2 shall be met in addi-
tion to.the examination, testing, and heat treating require-
ments‘for a given material that are stated in its material
specification. No heat treatment need be repeated except
in'the case of quenched 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 mea-
sured between the minimum inside and maximum out-
side 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 length¢is-less
than or equal to outside diameter, the thicknes§.is the ax-
ial length

(c) for ring forgings where the maximum-*axial length is
less than the radial thickness, the maximuim axial dimen-
sion is considered the thickness

(d) for rectangular solid forgings, the least rectangular
dimension is the thickness

(e) for round, hexagonal, @hd octagonal solid forgings,
the nominal thickness is the diameter or distance across
the flats (axial lengthx>-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
round baxs) 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 and for nenferrous alloys,
the procedure for obtaining test specimen coupons shall
conform to the applicable material.specification. These
materials are exempt from the sequirements of KM-211.

KM-211 PRODUCT FORMS

KM-211.1 Plates.

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

(b) For thicknesses 2 in. (50 mm) and greater, the cen-
terline of the test specimens shall be taken in accordance
with_the-requirements of the applicable material specifi-
cation, 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 spe-
cimens 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 not less
than 3T by 3T by T, where T is the maximum material
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 meth-
ods. All testing shall be from integral prolongations of the
forging, except as permitted in (d), and shall be per-
formed after final heat treatment (see KT-111). In addi-
tion 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
forging at mid-thickness and at least 2T /3 (T is the max-
imum heat-treated thickness) from the heat-treated end

2y
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(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 27 /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 quenched after aging.

(c) For forgings that are 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. Des-
ignate this distance t /2. Test specimens shall be taken no
closer to any heat-treated surface than one half of this dis-
tance (Y4t location). The datum points of the specimen
shall be a minimum of ¢/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 lo-
cation 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 con-
ducted, if permitted by the material specification. The di-
mensional requirements specified in (a), (b), (c), or (e)
shall be met as applicable.

(e) For large forgings that require testing from each
end in accordance with KM-231(b) or KM-231(c), test
specimen locations according to (a), (b), (¢), and (d)
may be designated at each end independently based on
the thickness at that end, provided at least one end pepre-
sents the thickest dimension of the entire forging.

KM-211.3 Bars and Bolting Materials:

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

(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.-n6tch of the impact specimens shall
be located at T /4 from the outside rolled surface or dee-
per and no closer'than 27 /3 from a heat-treated end. T /4
from a heat-treated end or deeper may be used for preci-
pitation hardening and age hardening steels that have
been air quenched 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 at least T /4 from
any heat-treated surface, where T is the maximum wall

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-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 par:
allel to the axis of the bolt.

(b) Where Charpy V-notch impact testing is tobe’ con-
ducted and bolt diameter does not permit specimens in
accordance with (a), subsize specimens maybeused. Test
temperature shall be reduced in accordance with Table
KM-212.

(c) Where bolt diameter or length‘does not permit spe-
cimens in accordance with (a) ot, (bJ, impact testing is not
required.

KM-212.2 Pressure-Retaining Component Materi-
als, Other Than Bolting,'Not Containing Welds.

(a) The test coupons for Charpy specimens shall be or-
iented such that their major axes lie transverse to the di-
rection of maximum elongation during rolling or to the
direction ofumajor working during forging. Examples of
acceptable Charpy V-notch impact specimen orientations
remoyed from plate and pipe are shown in Figure
KM-212 illustrations (a) and (b), respectively. Since the
direction of major working in a forging can vary signifi-
cantly 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 to and

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

Actual Material Thickness or
Charpy Impact Specimen Width

Along the Notch, in. (mm) Temperature
[Note (1)] Reduction, °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) 50)
0.276 (7.00) 8(4)
0.262 (6.67) (% size bar) 10 (6)
0.236 (6.00) 15 (8)
0.197 (5.00) (Y, 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) (Y, size bar) 50 (28)
NOTE:
(1) Straight line interpolation for intermediate values is
permitted.

thickness of the pipe, and with the ends of the specimens
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on the side opposite the notch may be as shown in Figure
KM-212 illustration (b-2), if necessary, to maintain the
standard 10 mm cross section at the notch.

(b) Where Charpy V-notch impact testing is to be con-
ducted and material size or shape does not permit speci-
mens in accordance with (a), longitudinal specimens with
their major axes parallel to 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 Char-
py V-notch specimens in accordance with (a) or (b),
subsize longitudinal specimens may be used Test tem-
perature shall be reduced in accordance with Table
KM-212.

(d) Charpy V-notch impact testing is not required when
the maximum obtainable subsize longitudinal specimen
has a width along the notch of less 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 or-
iented such that their major axes lie transverse to the di-
rection of the welded joint. Corners of Charpy specimens
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 con-
ducted and material size or shape does not permit speci-
mens in accordance with (a), subsize specimens may'be
used. Test temperature shall be reduced in aecordance
with Table KM-212.

(c) Charpy V-notch impact testing is not required when
the maximum obtainable subsize specithen has a width
along the notch of less than 0.099 in, (2.5 mm).

KM-213 FRACTURE TOUGHNESS SPECIMENS

See KM-250 for supplementary toughness require-
ments for pressure-retaining component materials.

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

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

KM-213.3 Pressure-Retaining Component Materials
Containing Welds. If applicable, fracture toughness speci-
mens shall be oriented such that the plane of the precrack

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 spe-
cimens, or test coupons representing the product.

(a) Any procedure may be applied thatican 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 sur-
face (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 deter-
mined'\by-any method agreed upon between the manufac-
turér and purchaser, and can include, but is not limited to,
theoretical calculations, experimental procedures, dupli-
cate test forgings, or any combination thereof.

(b) Faster cooling rates at product edges may be com-
pensated for by

(1) taking the test specimens at least T from a
quench 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 pro-
duct 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 rep-
resent 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), ten-
sion 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

is p:ar:\]lnl to the direction of the welded joint
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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 |n (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) Forplate 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)/This 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. If the 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.

26


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2021.pdf

ASME BPVC.VIIL3-2021

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 notch tensile tests shall
be conducted. See also KM-270. Impact tests are not
required.

KM-231 NUMBER OF TEST SPECIMENS

REQUIRED

(a) Components or material weighing 1,000 Ib (450 kg)
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) Components or material weighing between 1,000 Ib
and 5,000 Ib (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 com-
ponent, plate, forging, or test forging [see (d)]. If the com-
ponent or forging length, excluding test prolongation(s),
exceeds 80 in. (2 000 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 lb
(2 300 kg) at the time of heat treatment require at least
two tension tests and two sets of three Charpy V-nateh
impact test specimens per component, plate, forgihg, 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 diag-
onally opposite corners for plate. If the’component or
forging length, excluding test prolongdtion(s), exceeds
80 in. (2 000 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 offsetfrom the tests at the other
end by 90 deg. For plate.with a length exceeding 80 in.
(2 000 mm), two sets,af)tests shall be taken at each end
and they shall be removed from both corners.

(d) With priorapproval of the Manufacturer, test speci-
mens for forgings may be taken from a separate test forg-
ing that represents one or more production forgings
under thefollowing conditions:

(1) The separate test forging shall be of the same
heat of material and shall be subjected to substantially
the“same reduction and working as the production forg-
ings that it represents.

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

(3) The separate test forging shall be of the same
nominal thickness as the production forgings that it
represents.

(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 heavie§t.forging
in the batch to be represented

(-b) the separate test forging shall*have a thick-
ness equal to or greater than the thickn€gss 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
¥0'mm specimens, except as permitted in KM-212.

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 tem-
perature specified in the User’s Design Specification
[see KG-311.4(d)] minus the appropriate temperature re-
duction value specified in Table KM-212, if applicable.

(b) The minimum design metal temperature for
pressure-retaining component materials exempted from
impact testing by KM-212.1(c), KM-212.2(d), and
KM-212.3(c) shall not be lower than -325°F (-200°C)
for fully austenitic stainless steels, or -50°F (-45°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 per-
centage of shear fracture for all impact tests shall be mea-
sured in accordance with SA-370 and the results included

(21
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Table KM-234.2(a)
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 protective liners (see KD-103), inner layers of shrink-fit
layered vessels and wire-wound vessels [see KD-810(f) and KD-931,
respectively], and bolting [see Table KM-234.2(b)].

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.

(2) See KM-260 for permissible retests.

(3) 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).

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

(5) Except for components containing welds, longitudinal impact
specimens may be tested only if component shape or sizé, does
not permit the removal of transverse specimens. See KM-212.

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 séction
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 matertal specification.
The requirements of KM-243 shall also apply.

KM-241 CERTIFICATION FTEST PROCEDURE

(a) A sufficient numbéryof 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 cou-
pon shall'be so proportioned that tensile and impact spe-
cimen$,may be taken from the same locations relative to
thickness as are required by the applicable material spe-
cifications. Weld metal specimens shall be taken from the
same locations relative to thickness as are required by the
material specifications for plates used in the component
to 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 demon-
strated by tests.

Table KM-234.2(b)
Minimum Required Charpy V-Notch Impact Values for Bolting Materials

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

ASME
Materials Specimen Nominal Bolt ksi (MPa)

Specifica- Orientation Size, in. Number of Up to 135 Over 135
tion [Note (2)] (mm) Specimens (930), Incl. (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 ratio 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.
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(b) In cases where the test coupon is not attached to the
part being 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 pre-
scribed 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 opera-
tion and after removal from the component, the coupon
shall be subjected to the same thermal treatment(s), if
any, to which the vessel or vessel component will be later
subjected. The holding time 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 ap-
plied 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 conditions for
subjecting the test coupons to subsequent thermal treat-
ment(s) shall be as described in KM-242.1.

KM-243 NUMBER OF TESTS

One tensile test and one impact test, consisting of thrée
impact test specimens, shall be made on materiakfrom
coupons representing each lot of material in each.vessel
or vessel component heat treated. A lot is defined as ma-
terial from the same heat, heat treated simultaneously
and having thicknesses within +20% ot in. (13 mm)
of nominal thickness, whichever is smaller.

(a) Coupons not containing weld§’shall meet the com-
plete tensile requirements of the’material specification
and impact requirements of this Part.

(b) Coupons containings\weld metal shall be tested
across 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 accordance with the re-
quirements of Article KT-2.

KM-250 SUPPLEMENTARY 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 re-

minimum value of K;. required, the number of tests to
be performed, and shall indicate which of the following
methods are to be used to verify that the material meets
this value.

The orientation of the direction of crack propagation
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 . /Vax-
iation of fracture toughness through the thickness of a
component shall be considered to ensure the teughness
used in Article KD-4 is representative of the tmdterial at
the location being considered.

KM-251 CHARPY V-NOTCH IMPACT TESTING

The designer may require that the pressure-retaining
component meet minimuny Charpy V-notch absorbed en-
ergy values that are grieater than those specified in
KM-234.2 in order to_verify compliance with the mini-
mum K;. value. If supplemental impact testing is con-
ducted, it shall be performed in accordance with SA-370
and be conducted at a temperature not exceeding the im-
pact 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.

KM-252 CTOD FRACTURE TOUGHNESS TESTING

The designer may require that CTOD (crack tip opening
displacement) testing of the high pressure-retaining com-
ponent be conducted to determine the critical crack tip
opening displacement CTOD or §.,i;, and to verify com-
pliance with the minimum K. value. If CTOD testing is re-
quired, 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 com-
puted 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 test-
ing 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 given in
Table KM-212 do not apply. The equivalent K;., denoted
as K, ., shall be computed from J.,;¢ using API 579-1/
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KM-254 K,. FRACTURE TOUGHNESS TESTING

The designer may, at his option, require that direct K.
testing of the pressure-retaining component be con-
ducted to verify compliance with the specified minimum
K. value. If such testing is required, it shall be performed
in accordance with ASTM E399 and shall 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.

KM-260 RETESTS
KM-261 GENERAL RETEST REQUIREMENTS

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

(a) If any test specimen fails to meet the applicable ac-
ceptance 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 ac-
ceptance criteria for nonmechanical reasons, two repre-
sentative specimens as close to the original specimen
location 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 im-
pact retests).

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

KM-262 SPECIAL CHARPY V-NOTCH.IMPACT
RETEST REQUIREMENTS

(a) A Charpy V-notch impact retestvs permitted if the
average absorbed energy value nieets the applicable ac-
ceptance criteria but the absaibed energy value for one
specimen is below the specified minimum for individual
specimens. The retesting shall consist of two representa-
tive impact specimens.rémoved from a location adjacent
to and on either side)if possible, of the original specimen

location. Each of the retest specimens shall exhibit an ab-
sorbed energy value equal to or greater than the mini-
mum 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 (Tablé-KM-400-4M)
shall be qualified by the following notch tensile test for
T6 or T651 temper:

(a) The Sharp-Notch Strength7Yield Strength Ratio
shall be determined using the ASTM E338 or ASTM
E602 test method. Specimens shall be cut from a produc-
tion vessel. Two specimensfyom a production vessel shall
be tested to qualify a single heat of material. The samples
shall be obtained ffém the production vessel after all
forming and heat'treating is completed.

(b) The geometry of the specimen shall meet the di-
mensional requirement of ASTM E338, paragraph 6,
Figure 3-0r*ASTM E602, Figure 1. The specimen shall be
cut suCh that the longitudinal axis of the production vessel
is parallel to the long axis of the specimen. The following
exemptions to the dimensional requirements of the above
Specimens may be applied:

(1) For ASTM E338 specimen, the test section width
less than 2 in. (50 mm) may be used; however, the ratio of
the notch depth to specimen net ligament width shall not
be less than 0.25. The specimen thickness limitation in the
test section need not be satisfied.

(2) For ASTM E602 specimen, the test section dia-
meter less than 0.5 in. (12.5 mm) may be used; however,
the ratio of notch depth to the specimen net ligament dia-
meter shall not be less than 0.25.

(c) The tensile test methods in ASTM B557 shall be
used in lieu of ASTM E8 where specified in ASTM E338
and ASTM E602.

(d) Sharp-Notch Strength/Yield Strength Ratio shall be
not less than 0.9.
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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, Sub-
part 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 accordance
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.eonform to
SA-194 or to the requirements for nuts in(the specifica-
tion for the bolting material with which*they are to be
used.

KM-307 REQUIREMENTS FOR NUTS

Nuts shall be semifinishied,"chamfered, and trimmed.
Nuts shall be threaded to\€lass 2B or finer tolerances ac-
cording 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
KDjnuts 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

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
Division:

(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-Nos. and Group Nos. listed for some of the mate-
rials in these tables are for information only. For welded
construction in this Division, Section IX, Table QW/
QB-422 shall be consulted for P-Nos. and Group Nos.

(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 that may 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 I,
Part D, Subpart 1, Table Y-1.

(2) Tensile Strengths, S, are specified in Seetion I,
Part D, Subpart 1, Table U.

(3) Coefficients of thermal expansion are specified ‘in
Section II, Part D, Subpart 2, Tables TE-1 and TE-4:

(4) Moduli of elasticity are specified in Section-1I, 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 published as two separate{publications. One pub-
lication contains values only inndJ:S. Customary units and
the other contains values,only in SI units. The selection
of the version to use is dependent on the set of units se-
lected for construction.

(e) Where specifications, grades, classes, and types are
referenced, and\where the material specification in Sec-
tion II, Part,A ot'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 ma-
terial\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 appropriate) shall be used.
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2y

Table KM-400-2
High Alloy Steels

Speci-

Class/ Speci- fied Max.

Condi- fied Min. Min. Design

Nominal Product Spec. Type/ UNS tion/ Thickness, Group Tensile, Yield, Temp.,

Composition Form No. Grade No. Temper in. P-No. No. ksi ksi Notes °F
12Cr-9Ni-2Cu -1Ti  Bar SA-564 XM-16 S$45500 H1000 205 185 (1) (8) 100.
12Cr-9Ni-2Cu -1Ti  Forgings SA-705 XM-16 S45500 H1000 >Y, 205 185 (1) (8) 100
12Cr-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 >Y, 220 205 (1) (8) 100
12Cr-9Ni-2Cu -1Ti  Bar SA-564 XM-16 S45500 H900 235 220 (1) B) 100
12Cr-9Ni-2Cu -1Ti  Forgings SA-705 XM-16 S45500 H900 >Y, 235 220 (1) .(8) 100
13Cr-8Ni-2Mo Bar SA-564 XM-13 $13800 H1150M 125 85y ™. 100
13Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H1150M 125 85 100
13Cr-8Ni-2Mo Bar SA-564 XM-13 $13800 H1150 135 90 100
13Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H1150 135 90 100
13Cr-8Ni-2Mo Bar SA-564 XM-13 S$13800 H1100 50 135 (8) 100
13Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H1100 150 135 (8) 100
13Cr-8Ni-2Mo Bar SA-564 XM-13 $13800 H1050 175 165 (1) (8) 100
13Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H1050 175 165 (1) (8) 100
13Cr-8Ni-2Mo Bar SA-564 XM-13 $13800 H1025 185 175 (1) (8) 100
13Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H1025 185 175 (1) (8) 100
13Cr-8Ni-2Mo Bar SA-564 XM-13 $13800 H1000 205 190 (1) (8) 100
13Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H1000 205 190 (1) (8) 100
13Cr-8Ni-2Mo Bar SA-564 XM-13 $13800 H950 220 205 (1) (8) 100
13Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H950 220 205 (1) (8) 100
15Cr-5Ni-3Cu Bar SA-564 XM-12 $15500 H1150M 115 75 100
15Cr-5Ni-3Cu Forgings SA-705 XM-12 $15500 H1150M 115 75 100
15Cr-5Ni-3Cu Bar SA-564 XM-12 S§15500 H1150 135 105 100
15Cr-5Ni-3Cu Forgings SA-705 XM-12 $15500 HZ150. 135 105 .. 100
15Cr-5Ni-3Cu Bar SA-564 XM-12 S15500,-H1¥100 140 115  (6) 550
15Cr-5Ni-3Cu Forgings SA-705 XM-12 S$15500 H1100 140 115 (6) 550
15Cr-5Ni-3Cu Bar SA-564 XM-12 S15500 H1075 145 125 (6)(8) 550
15Cr-5Ni-3Cu Forgings SA-705 XM-12 S¥5500 H1075 145 125  (6)(8) 550
15Cr-5Ni-3Cu Bar SA-564 XM-12 S15500 H1025 155 145 (6)(8) (9) 550
(10)
15Cr-5Ni-3Cu Forgings SA-705 XM-12 S15500 H1025 155 145 (6)(8) (9) 550
(10)

15Cr-5Ni-3Cu Bar SA:564 XM-12 S$15500 H925 170 155 (1) (6)(8) 550
15Cr-5Ni-3Cu Forgings "SA-705 XM-12 S15500 H925 170 155 (1) (6)(8) 550
15Cr-5Ni-3Cu Bar SA-564 XM-12 S15500 H900 190 170 (1) (6)(8) 550
15Cr-5Ni-3Cu Forgings SA-705 XM-12 S$15500 H900 190 170 (1) (6)(8) 550
15Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S$45000 H1150 125 75 . 100
15Cr-6Ni-Cu-Mg Forgings SA-705 XM-25 545000 H1150 >, 125 75 100
15Cr-6Ni-CufMo Bar SA-564 XM-25 $45000 H1100 130 105 100
15Cr-6Ni4Cu+Mo Forgings SA-705 XM-25 $45000 H1100 >Y, 130 105 .. 100
15Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S$45000 H1050 145 135 (8) 100
15Gr=6Ni-Cu-Mo Forgings SA-705 XM-25 $45000 H1050 >Y, 145 135 (8) 100
15Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S45000 H1025 150 140 (8) (9) (10) 100
15Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S45000 H1025 >Y, 150 140 (8) (9) (10) 100
15Cr-6Ni-Cu-Mo Bar SA-564 XM-25 $45000 H1000 160 150 (1) (8) 100
15Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 $45000 H1000 >Y, 160 150 (1) (8) 100
15Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S45000 H950 170 160 (1) (8) 100
15Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S$45000 H950 >Y, 170 160 (1) (8) 100
15Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S$45000 H900 180 170 (1) (8) 100
15Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S45000 H900 >Y, 180 170 (1) (8) 100
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Table KM-400-2

High Alloy Steels (Cont'd)

Speci-
Class/ Speci- fied Max.
Condi- fied Min. Min. Design
Nominal Product Spec. Type/ UNS tion/ Thickness, Group Tensile, Yield, Temp.,
Composition Form No. Grade No. Temper in. P-No. No. ksi ksi Notes °F
17Cr-4Ni-4Cu Bar SA-564 630 $17400 H1150M 115 75  (6) 550
17Cr-4Ni-4Cu Forgings SA-705 630 S$17400 H1150M 115 75  (6) 550
17Cr-4Ni-4Cu Bar SA-564 630 $17400 H1150 135 105 (6) 550
17Cr-4Ni-4Cu Forgings SA-705 630 $17400 H1150 135 105 6) 550
17Cr-4Ni-4Cu Bar SA-564 630 S$17400 H1100 140 115, (6) 550
17Cr-4Ni-4Cu Forgings SA-705 630 $17400 H1100 140 115 ) (6) 550
17Cr-4Ni-4Cu Bar SA-564 630 S$17400 H1075 145 125 (6) (8) 550
17Cr-4Ni-4Cu Forgings SA-705 630 S17400 H1075 145 125 (6) (8) 550
17Cr-4Ni-4Cu Bar SA-564 630 $17400 H1025 155 145 (6) (8) (9) 550
(10)
17Cr-4Ni-4Cu Forgings SA-705 630 S17400 H1025 155 145 (6) (8) (9) 550
(10)

17Cr-4Ni-4Cu Forgings SA-705 630 S$17400 H925 170 155 (1) (6)(8) 550
17Cr-4Ni-4Cu Forgings SA-705 630 S17400 H900 190 170 (1) (6)(8) 550
17Cr-7Ni-1Al Forgings SA-705 631 §17700 TH1050 170 140 (1) (8) 100
17Cr-7Ni-1Al Forgings SA-705 631 §17700 RH950 185 150 (1) (8) 100
25Ni-15Cr-2Ti Bolt SA-453 660 $66286 A 130 85 (2) 900
25Ni-15Cr-2Ti Bolt SA-453 660 $66286 B 130 85 (2) 900
25Ni-15Cr-2Ti Forgings SA-638 660 566286 1 130 85 (2) 900
25Ni-15Cr-2Ti Forgings SA-638 660 $66286 2 130 85 (2) 900
16Cr-12Ni-2Mo Forgings SA-965 F316 $31600 ... 8 1 70 30 (11) 800
16Cr-12Ni-2Mo Forgings SA-965 F316H  S31609 .. 8 1 70 30 (11) 800
16Cr-12Ni-2Mo Pipe SA-312 TP316 S31600 Seamless 8 1 75 30 (7)(11) 800
16Cr-12Ni-2Mo Pipe SA-312 TP316H S31609 Seamless 8 1 75 30 (7)(11) 800
16Cr-12Ni-2Mo Bolt SA-320 B8M $31600 1 75 30 (11) 800
16Cr-12Ni-2Mo Bolt SA-320 B8MA §31600 1A 75 30 (11) 800
16Cr-12Ni-2Mo Bar SA-479 316 $31600 Annealed 8 1 75 30 (3)(4) (11) 800
16Cr-12Ni-2Mo Bar SA-479 316H S$31609 Annealed .. 8 1 75 30 (3)(11) 800
16Cr-12Ni-2Mo Bar SA-276 316 $31600 S 2% <t<3 80 55 (2) (11) 600
16Cr-12Ni-2Mo Bolt SA-320 “B8M $31600 2 1Y, <t <1, 90 50 (5)(11) 100
16Cr-12Ni-2Mo Bar SA:276 316 $31600 S 2<t<2Y, 90 65 (2)(11) 600
16Cr-12Ni-2Mo Bar SA=276 316 S31600 B 1<t <1¥, 95 45  (2) (11) 600
16Cr-12Ni-2Mo Bolt SA-320 B8M $31600 2 1<t<1Y, 95 65 (5) (11) 100
16Cr-12Ni-2Mo Bar SA-276 316 $31600 S <2 95 75 (2) (11) 600
16Cr-12Ni-2Mo Bar SA-276 316 S31600 B 1Y, <t <1, 100 50 (2)(11) 600
16Cr-12Ni-2Mo Bolt SA-320 B8M S31600 2 Y<ts1 100 80 (5)(11) 100
16Cr-12Ni-2Mo Bar SA-276 316 $31600 B 1<t<1Y, 105 65 (2)(11) 600
16Cr-12Ni=2Mo Bolt SA-320 B8M $31600 2 <Y, 110 95 (5) (11) 100
16Cr-1ZNix-2Mo Bar SA-276 316 S31600 B Y<ts1 115 80 (2)(11) 600
16Cr=12Ni-2Mo Bar SA-276 316 $31600 B A 125 100 (2) (11) 600
18Cr-8Ni Forgings SA-182 F304 S30400 ... t>5 8 1 70 30 (11) 800
18Cr-8Ni Forgings SA-182 F304 $30400 ... t<5 8 1 75 30 (11) 800
18Cr-8Ni Plate SA-240 304 $30400 ... 8 1 75 30 (11) 800
18Cr-8Ni Bolt SA-320 B8 $30400 1 75 30 (11) 800
18Cr-8Ni Bolt SA-320 B8A $30400 1A 75 30 (11) 800
18Cr-8Ni Bolt SA-320 B8 $30400 2 1Y, <t <1y, 100 50 (5)(11) 100
18Cr-8Ni Bolt SA-320 B8 S30400 2 1<t<1Y, 105 65 (5)(11) 100
18Cr-8Ni Bolt SA-320 B8 $30400 2 Y<ts1 115 80 (5)(11) 100
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Table KM-400-2
High Alloy Steels (Cont'd)

Speci-
Class/ Speci- fied Max.
Condi- fied Min. Min. Design
Nominal Product Spec. Type/ UNS tion/ Thickness, Group Tensile, Yield, Temp.,
Composition Form No. Grade No. Temper in. P-No. No. ksi ksi Notes °F

18Cr-8Ni Bolt SA-320 B8 S30400 2 <%, 125 100 (5) (11) 100
18Cr-8Ni Forgings SA-182 F304L S30403 ... t>5 8 1 65 25 (11) 800
18Cr-8Ni Forgings SA-182 F304L S30403 .. t<5 8 1 70 25 (11) 800
18Cr-8Ni Plate SA-240 304L S30403 ... 8 1 70 25 (11) 800
18Cr-8Ni-S Bolt SA-320 B8F S30300 1 75 30 (11)((42) 800
18Cr-8Ni-S Bolt SA-320 B8FA S30300 1A 75 30 (A1) (12) 800
18Cr-8Ni-Se Bolt SA-320 BS8F S30323 1 75 30 \(1) (12) 800
18Cr-8Ni-Se Bolt SA-320 B8FA S30323 1A 75 30\ (11) (12) 800
18Cr-10Ni-Cb Bolt SA-320 B8C S34700 1 75 30 (11) 800
18Cr-10Ni-Cb Bolt SA-320 B8CA S34700 1A 75 30 (11 800
18Cr-10Ni-Cb Bolt SA-320 B8C S34700 2 1, <t<1ly .. 100 50 (5)(11) 100
18Cr-10Ni-Cb Bolt SA-320 B8C S34700 2 1<t<1Y, 105 65 (5)(11) 100
18Cr-10Ni-Cb Bolt SA-320 B8C S34700 2 Yp<ts1 115 80 (5)(11) 100
18Cr-10Ni-Cb Bolt SA-320 B8C S34700 2 <%, 125 100 (5) (11) 100
18Cr-10Ni-Ti Bolt SA-320 B8T $32100 1 75 30 (11) 800
18Cr-10Ni-Ti Bolt SA-320 BS8TA $32100 1A 75 30 (11) 800
18Cr-10Ni-Ti Bolt SA-320 B8T $32100 2 1Y, <t <1 . 100 50 (5) (11) 100
18Cr-10Ni-Ti Bolt SA-320 B8T $32100 2 1<t<1Y, 105 65 (5)(11) 100
18Cr-10Ni-Ti Bolt SA-320 BS8T $32100 2 Yp<tsa 115 80 (5)(11) 100
18Cr-10Ni-Ti Bolt SA-320 B8T $32100 2 <%, 125 100 (5 (11 100

GENERAL NOTE: The P-Nos. and Group Nos. listed for some of these materials are for information only. For welded construction in this Divi
sion, Section IX, Table QW/QB-422 shall be consulted for P-Nos. and.Group Nos.

NOTES:

(1) This material is permitted only when used as an innerdayer’in 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 70 ksi (485 MPa) minimum 45s)permitted for extruded shapes.

(4) Yield strength values listed in Section II, Part BxSubpart 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 Y in. (3 mm) across,prepared by removing threads; no more material than necessary shall be removed to preparg
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 orn]
composition, heat treatment, time,and temperature. The lowest temperature of concern is about 550°F (288°C). See Section 1I, Part D
Nonmandatory Appendix A, A-207.

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

(8) Caution is advised when using these materials as they are more susceptible than lower strength materials to environmental stress corro
sion cracking and/or embrittlement due to hydrogen exposure. This susceptibility increases as yield strength increases. The designej
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) These materials are permitted if the material is protected from contact by water or an aqueous environment.

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

(c)\This restriction does not apply to inner layers in a vessel whose design meets the leak-before-burst criteria of KD-141.

(10) Thejactual measured yield strength for these materials shall not be greater than 25 ksi (172 MPa) above the minimum specified value

(11) This material is susceptible to chloride stress corrosion cracking. See Section II, Part D, Nonmandatory Appendix 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-400-2M
High Alloy Steels (Metric)

Class/ Speci- Speci- Max.
Condi- fied Min. fied Min. Design
Nominal Product Spec. Type/ UNS tion/ Thickness, Group Tensile, Yield, Témp.,
Composition Form No. Grade No. Temper mm P-No. No. MPa MPa Notes °C
12Cr-9Ni-2Cu-1Ti  Bar SA-564 XM-16 S45500 H1000 1415 1275 (1) (8) 38
12Cr-9Ni-2Cu-1Ti  Forgings SA-705 XM-16 S45500 H1000 213 1415 1275 (1) (8) 38
12Cr-9Ni-2Cu-1Ti  Bar SA-564 XM-16 S$45500 H950 . 1515 1415 (1) (8) 38
12Cr-9Ni-2Cu-1Ti  Forgings SA-705 XM-16 S45500 H950 =13 1515 1415 A1)48) 38
12Cr-9Ni-2Cu-1Ti  Bar SA-564 XM-16 S45500 H900 1620 1515~ (1) (8) 38
12Cr-9Ni-2Cu-1Ti  Forgings SA-705 XM-16 S$45500 H900 213 1620 1515 (1) (8) 38
13Cr-8Ni-2Mo Bar SA-564 XM-13 S$13800 H1150M 860 585 .. 38
13Cr-8Ni-2Mo Forgings SA-705 XM-13 S$13800 H1150M 860 585 38
13Cr-8Ni-2Mo Bar SA-564 XM-13 $13800 H1150 93Q 620 38
13Cr-8Ni-2Mo Forgings SA-705 XM-13 S13800 H1150 930 620 38
13Cr-8Ni-2Mo Bar SA-564 XM-13 $13800 H1100 1035 930 (8) 38
13Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H1100 1035 930 (8) 38
13Cr-8Ni-2Mo Bar SA-564 XM-13 $13800 H1050 1205 1140 (1) (8) 38
13Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H1050 1205 1140 (1) (8) 38
13Cr-8Ni-2Mo Bar SA-564 XM-13 S$13800 H1025 1275 1205 (1) (8) 38
13Cr-8Ni-2Mo Forgings SA-705 XM-13 S13800 H1025 1275 1205 (1) (8) 38
13Cr-8Ni-2Mo Bar SA-564 XM-13 $13800 H1000 1415 1310 (1) (8) 38
13Cr-8Ni-2Mo Forgings SA-705 XM-13 $13800 H1000 1415 1310 (1) (8) 38
13Cr-8Ni-2Mo Bar SA-564 XM-13 S$13800 H950 1515 1415 (1) (8) 38
13Cr-8Ni-2Mo Forgings SA-705 XM-13 S$13800 H950 1515 1415 (1) (8) 38
15Cr-5Ni-3Cu Bar SA-564 XM-12 S$15500 H1150M 795 515 38
15Cr-5Ni-3Cu Forgings SA-705 XM-12 S15500 H1150M 795 515 38
15Cr-5Ni-3Cu Bar SA-564 XM-12 S15500 H1150 930 725 38
15Cr-5Ni-3Cu Forgings SA-705 XM-12 S$15500 H1150 930 725 . 38
15Cr-5Ni-3Cu Bar SA-564 XM-12 $15500 H1100 965 795 (6) 288
15Cr-5Ni-3Cu Forgings SA-705 XM-12 S15500 H1100 965 795 (6) 288
15Cr-5Ni-3Cu Bar SA-564 XM-12 S15500 H1075 1000 860 (6)(8) 288
15Cr-5Ni-3Cu Forgings SA-705 XM-12 S15500 H1075 1000 860 (6)(8) 288
15Cr-5Ni-3Cu Bar SA-564,\XM-12 S15500 H1025 1070 1000 (6)(8) (9) 288
(10)
15Cr-5Ni-3Cu Forgings ,SA*705 XM-12 S15500 H1025 1070 1000 (6)(8) (9) 288
(10)

15Cr-5Ni-3Cu Bar SA-564 XM-12 S$15500 H925 1170 1070 (1) (6)(8) 288
15Cr-5Ni-3Cu Forgings SA-705 XM-12 S15500 H925 1170 1070 (1) (6)(8) 288
15Cr-5Ni-3Cu Bar SA-564 XM-12 S15500 H900 1310 1170 (1) (6)(8) 288
15Cr-5Ni-3Cu Forgings SA-705 XM-12 S$15500 H900 1310 1170 (1) (6)(8) 288
15Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S45000 H1150 860 515 .. 38
15Cr-6Ni=Cu-Mo Forgings SA-705 XM-25 S$45000 H1150 =13 860 515 38
15Cr#6Ni=Cu-Mo Bar SA-564 XM-25 S$45000 H1100 895 725 38
15€r-6Ni-Cu-Mo Forgings SA-705 XM-25 S45000 H1100 =13 895 725 .. 38
15Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S45000 H1050 1000 930 (8) 38
¥5Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S$45000 H1050 =13 1000 930 (8) 38
15Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S45000 H1025 1035 965  (8) (9) (10) 38
15Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S45000 H1025 213 1035 965 (8) (9) (10) 38
15Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S$45000 H1000 1105 1035 (1) (8) 38
15Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S45000 H1000 =13 1105 1035 (1) (8) 38
15Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S45000 H950 1170 1105 (1) (8) 38
15Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S45000 H950 213 1170 1105 (1) (8) 38
15Cr-6Ni-Cu-Mo Bar SA-564 XM-25 S45000 H900 1240 1170 (1) (8) 38

2y
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Table KM-400-2M
High Alloy Steels (Metric) (Cont'd)

Class/ Speci- Speci- Max.
Condi- fied Min. fied Min. Design
Nominal Product Spec. Type/ UNS tion/ Thickness, Group Tensile, Yield, Temp.,
Composition Form No. Grade No. Temper mm P-No. No. MPa MPa Notes °C
15Cr-6Ni-Cu-Mo Forgings SA-705 XM-25 S$45000 H900 =13 1240 1170 (1) (8) 38
17Cr-4Ni-4Cu Bar SA-564 630 $17400 H1150M 795 515 (6) 288
17Cr-4Ni-4Cu Forgings SA-705 630 S$17400 H1150M 795 515  (6) 288
17Cr-4Ni-4Cu Bar SA-564 630 S$17400 H1150 930 725 (6) 288
17Cr-4Ni-4Cu Forgings SA-705 630 S$17400 H1150 930 725  (6) 288
17Cr-4Ni-4Cu Bar SA-564 630 $17400 H1100 965 795  (6) 288
17Cr-4Ni-4Cu Forgings SA-705 630 §17400 H1100 965 795  (6) 288
17Cr-4Ni-4Cu Bar SA-564 630 $17400 H1075 1000 8607) (6) (8) 288
17Cr-4Ni-4Cu Forgings SA-705 630 §17400 H1075 1000 860" (6) (8) 288
17Cr-4Ni-4Cu Bar SA-564 630 §17400 H1025 1070 1000 (6) (8) (9) 288
(10
17Cr-4Ni-4Cu Forgings SA-705 630 S§17400 H1025 1070 1000 (6) (8) (9) 288
(10)

17Cr-4Ni-4Cu Forgings SA-705 630 S§17400 H925 1170 1070 (1) (6) (8) 288
17Cr-4Ni-4Cu Forgings SA-705 630 S§17400 H900 1310 1170 (1) (6) (8) 288
17Cr-7Ni-1Al Forgings SA-705 631 §17700 TH1050 1170 965 (1) (8) 38
17Cr-7Ni-1Al Forgings SA-705 631 §17700 RH950 1275 1035 (1) (8) 38
25Ni-15Cr-2Ti Bolt SA-453 660 66286 A 895 585 (2) 482
25Ni-15Cr-2Ti Bolt SA-453 660 $66286 B 895 585 (2) 482
25Ni-15Cr-2Ti Forgings SA-638 660 66286 1 895 585 (2) 482
25Ni-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
16Cr-12Ni-2Mo Forgings SA-965 F316H  S31609 .. 8 1 485 205 (11) 427
16Cr-12Ni-2Mo Pipe SA-312 TP316 S§31600 Seamless 8 1 515 205 (7) (11) 427
16Cr-12Ni-2Mo Pipe SA-312 TP316H S31609 Seamless 8 1 515 205 (7)(11) 427
16Cr-12Ni-2Mo Bolt SA-320 B8M S31600\1 515 205 (11 427
16Cr-12Ni-2Mo Bolt SA-320 B8MA S31600 1A 515 205 (11) 427
16Cr-12Ni-2Mo Bar SA-479 316 S31600 Annealed 8 1 515 205 (3)(4) (11) 427
16Cr-12Ni-2Mo Bar SA-479 316H §31609 Annealed ... 8 1 515 205 (3)(11) 427
16Cr-12Ni-2Mo Bar SA-276 316 $31600 S 64 <t<75 550 380  (2) (11) 316
16Cr-12Ni-2Mo Bolt SA-320 B8M $31600 2 32<t<38 620 345 (5)(11) 38
16Cr-12Ni-2Mo Bar SA-276>316 $31600 S 50 <t <64 620 450 (2) (11 316
16Cr-12Ni-2Mo Bar SA-276 316 $31600 B 38 <t <44 655 310 (2) (11) 316
16Cr-12Ni-2Mo Bolt SAs320 B8M $31600 2 25<t <32 655 450 (5) (11) 38
16Cr-12Ni-2Mo Bar SA-276 316 S31600 S <50 655 515  (2) (11) 316
16Cr-12Ni-2Mo Bar SA-276 316 $31600 B 32<t<38 690 345 (2) (11) 316
16Cr-12Ni-2Mo Bolf SA-320 B8M $31600 2 19<t<25 690 550 (5)(11) 38
16Cr-12Ni-2Mo Bar SA-276 316 $31600 B 25<t<32 725 450 (2) (11 316
16Cr-12Ni-2Mo Bolt SA-320 B8M S31600 2 <19 760 655 (5) (11) 38
16Cr-12Ni-2Mo Bar SA-276 316 S31600 B 19<t<25 795 550 (2)(11) 316
16Cr-12Ni-2Mo Bar SA-276 316 S31600 B <19 860 690 (2) (11) 316
18Cr-8Ni Forgings SA-182 F304 S30400 ... t>125 8 1 485 205  (11) 427
18Cr-8Ni Forgings SA-182 F304 S30400 ... t <125 8 1 515 205 (11) 427
18Cr-8Ni Plate SA-240 304 S30400 ... 8 1 515 205 (11) 427
18Cr-8Ni Bolt SA-320 B8 S30400 1 515 205 (11) 427
18Cr-8Ni Bolt SA-320 B8A S30400 1A 515 205 (11) 427
18Cr-8Ni Bolt SA-320 B8 $30400 2 32<t<38 690 345 (5 (11 38
18Cr-8Ni Bolt SA-320 B8 $30400 2 25<t <32 725 450 (5) (11 38
18Cr-8Ni Bolt SA-320 B8 S30400 2 19 <t <25 795 550 (5 (11) 38
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Table KM-400-2M
High Alloy Steels (Metric) (Cont'd)

Class/ Speci- Speci- Max.
Condi- fied Min. fied Min. Design
Nominal Product Spec. Type/ UNS tion/ Thickness, Group Tensile, Yield, Temp.,
Composition Form No. Grade No. Temper mm P-No. No. MPa MPa Notes °C

18Cr-8Ni Bolt SA-320 B8 S30400 2 <19 860 690 (5)(11) 38
18Cr-8Ni Forgings SA-182 F304L S30403 .. t>125 8 1 450 170 (11) 427
18Cr-8Ni Forgings SA-182 F304L S30403 .. t <125 8 1 485 170 (11) 427
18Cr-8Ni Plate SA-240 304L S30403 .. 8 1 485 170 (11) 427
18Cr-8Ni-S Bolt SA-320 BS8F S30300 1 515 205 (1vE2) 427
18Cr-8Ni-S Bolt SA-320 BS8FA S30300 1A 515 205 “11)(12) 427
18Cr-8Ni-Se Bolt SA-320 BS8F S30323 1 515 205 ,(11) (12) 427
18Cr-8Ni-Se Bolt SA-320 B8FA S30323 1A 515 205  (11) (12) 427
18Cr-10Ni-Cb Bolt SA-320 B8C S$34700 1 515 205 (11) 427
18Cr-10Ni-Cb Bolt SA-320 B8CA S$34700 1A 515 205 (11) 427
18Cr-10Ni-Cb Bolt SA-320 B8C S34700 2 32<ts<38 .. 690 345 (5 (11) 38
18Cr-10Ni-Cb Bolt SA-320 B8C $34700 2 25<t<32 .. 725 450 (5) (11) 38
18Cr-10Ni-Cb Bolt SA-320 B8C S$34700 2 19<t<25 .. 795 550 (5) (11) 38
18Cr-10Ni-Cb Bolt SA-320 B8C S34700 2 <19 860 690 (5) (11) 38
18Cr-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
18Cr-10Ni-Ti Bolt SA-320 B8T $32100 2 32<t<38 ... 690 345 (5 (11) 38
18Cr-10Ni-Ti Bolt SA-320 B8T $32100 2 25 <t <32\ AL 725 450 (5) (11) 38
18Cr-10Ni-Ti Bolt SA-320 B8T $32100 2 19<t£257 .. 795 550 (5) (11) 38
18Cr-10Ni-Ti Bolt SA-320 B8T §32100 2 <19 860 690 (5) (11) 38

GENERAL NOTE: The P-Nos. and Group Nos. listed for some of these matérials are for information only. For welded construction in this Divi-
sion, Section IX, Table QW/QB-422 shall be consulted for P-Nossand Group Nos.

NOTES:

(1) This material is permitted only when used as an inner\ayer in 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 70 ksi (485 MPa) minimuin 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 maximunihardness shall be Rockwell C35 immediately under thread roots. The hardness shall be taken
on a flat area at least %z in. (3 mm) acrdss, 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 550°F (288°C). See Section II, Part D,
Nonmandatory Appendix AyA=207.

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

(8) Caution is advised when using these materials as they are more susceptible than lower strength materials to environmental stress corro-
sion 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) These-materials are permitted if the material is protected from contact by water or an aqueous environment.

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

(c)'This restriction does not apply to inner layers in a vessel whose design meets the leak-before-burst criteria of KD-141.

(10) Fhe actual measured yield strength for these materials shall not be greater than 25 ksi (172 MPa) above the minimum specified value.

(11) This material is susceptible to chloride stress corrosion cracking. See Section I, Part D, Nonmandatory Appendix 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

Speci-  Speci- Max.
Class/ fied Min. fied Min. Design
Product Spec. Type/ Condition/ Group Tensile, Yield, Temp.;

Nominal Composition  Form No. Grade UNS No. Temper Thickness, in. P-No. No. ksi ksi Notes °E
67Ni-30Cu Bar SB-164 ... N04400 Annealed 42 70 25 800
67Ni-30Cu Pipe SB-165 ... N04400 Annealed >5 0.D. 42 70 25 800
67Ni-30Cu Forgings SB-564 ... N04400 Annealed 42 70 25 800
67Ni-30Cu Pipe SB-165 ... N04400 Annealed <5 0.D. 42 70 28 800
67Ni-30Cu Rounds  SB-164 ... N04400 Hot worked 12 <t <14 42 75 40 800
67Ni-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 ... N04400 CW & SR 3 <t<4 42 84 55 800
67Ni-30Cu Pipe SB-165 ... N04400 Stress rel. 42 85 55 800
67Ni-30Cu Rounds  SB-164 .. N04400 CW & SR <t <3Y 42 87 60 800
67Ni-30Cu Rounds SB-164 ... N04400 Cold worked <%, 42 110 85 800
72Ni-15Cr-8Fe Pipe SB-167 ... N06600 Annealed >5 0.D. 43 80 30 800
72Ni-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
72Ni-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
72Ni-15Cr-8Fe Rounds  SB-166 ... N06600 Hot worked Y < 2.3 43 90 40 800
72Ni-15Cr-8Fe Rounds SB-166 ... N06600 Hot worked Y4t %, 43 95 45 800
60Ni-22Cr-9Mo-3.5Cb Bar,rod SB-446 1 N06625 Annealed << 10 43 110 50 800
60Ni-22Cr-9Mo-3.5Cb Forgings SB-564 ... N06625 Annealed 4<t<10 43 110 50 800
60Ni-22Cr-9Mo-3.5Cb Pipe SB-444 1 N06625 Annealed 43 120 60 800
60Ni-22Cr-9Mo-3.5Cb Bar,rod SB-446 1 N06625 Annéaled <4 43 120 60 800
60Ni-22Cr-9Mo-3.5Cb Forgings SB-564 ... N06625 “Annealed <4 43 120 60 800
42Fe-33Ni-21Cr Bar SB-408 ... N08800, Annealed 45 75 30 800
42Fe-33Ni-21Cr Plate SB-409 ... N088Q0 Annealed 45 75 30 800
42Fe-33Ni-21Cr Forgings SB-564 ... N08800 Annealed 45 75 30 800
42Fe-33Ni-21Cr Pipe SB-407 ... N08800 CW/ann. 45 75 30 800
42Fe-33Ni-21Cr Bar SB-408 .. N08810 Annealed 45 65 25 800
42Fe-33Ni-21Cr Plate SB-409\... N08810 Annealed 45 65 25 800
42Fe-33Ni-21Cr Forgings SB-564" ... N08810 Annealed 45 65 25 800
54Ni-16Mo-15Cr Bar SB-574 ... N10276 Solution ann. ... 44 100 41 800

GENERAL NOTES:
(a) The following abbreyiations are used:

ann. = annealed

CW = cold worked
0.D. = outside-diameter
rel. = relieved

SR £ stress relieved

(b) /The P-Nos. and Group Nos. 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-Nos. and Group Nos.
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Table KM-400-3M
Nickel and Nickel Alloys (Metric)

Speci-  Speci- Max.
Class/ fied Min. fied Min. Design
Product Spec. Type/ Condition/  Thickness, Group Tensile, Yield, Temp.,

Nominal Composition  Form No. Grade UNS No. Temper mm P-No. MPa MPa Notes °C
67Ni-30Cu Bar SB-164 ... N04400 Annealed 42 485 170 427
67Ni-30Cu Pipe SB-165 ... N04400 Annealed >125 0.D. 42 485 170 427
67Ni-30Cu Forgings SB-564 ... N04400 Annealed 42 485 170 427
67Ni-30Cu Pipe SB-165 ... N04400 Annealed <125 0.D. 42 485 195 427
67Ni-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
67Ni-30Cu Pipe SB-165 ... N04400 Stress rel. 42 585 380 427
67Ni-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
72Ni-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
72Ni-15Cr-8Fe Forgings SB-564 ... N06600 Annealed 43 550 240 427
72Ni-15Cr-8Fe Rounds  SB-166 ... N06600 Hot worked >75 43 585 240 427
72Ni-15Cr-8Fe Rounds  SB-166 ... N06600 Hot worked 23.&t <75 43 620 275 427
72Ni-15Cr-8Fe Rounds  SB-166 ... N06600 Hot worked”, 6t <13 43 655 310 427
60Ni-22Cr-9Mo-3.5Cb Bar,rod SB-446 1 N06625 Annealed 100 <t <250 43 760 345 427
60Ni-22Cr-9Mo-3.5Cb Forgings SB-564 ... N06625 Annealed 100 <t <250 43 760 345 427
60Ni-22Cr-9Mo-3.5Cb Pipe SB-444 1 N06625 Annealed 43 825 415 427
60Ni-22Cr-9Mo-3.5Cb Bar,rod SB-446 1 N06625 (Annealed <100 43 825 415 427
60Ni-22Cr-9Mo-3.5Cb Forgings SB-564 ... N06625 Annealed <100 43 825 415 427
42Fe-33Ni-21Cr Bar SB-408 ... N08800 Annealed 45 515 205 427
42Fe-33Ni-21Cr Plate SB-409 ... N08800 Annealed 45 515 205 427
42Fe-33Ni-21Cr Forgings SB-564 . NO08800 Annealed 45 515 205 427
42Fe-33Ni-21Cr Pipe SB-407(x. N08800 CW/ann. 45 515 205 427
42Fe-33Ni-21Cr Bar SB-408 ... N08810 Annealed 45 450 170 427
42Fe-33Ni-21Cr Plate SB-409 ... N08810 Annealed 45 450 170 427
42Fe-33Ni-21Cr Forgings (»SB-564 ... N08810 Annealed 45 450 170 427
54Ni-16Mo-15Cr Bar SB-574 ... N10276 Solution ann. ... 44 690 285 427

GENERAL NOTES:
(a) The following abpreviations are used:

ann. = annéaled

CW = cold worked
0.D. =.outside diameter

rel. = relieved

SR = stress relieved

(b)The P-Nos. and Group Nos. 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-Nos. and Group Nos.
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Table KM-400-4
Aluminum Alloys

Specified Max.
Class/ Min. Specified Design
Type/ Condition/ Tensile, Min. Temp.,
Nominal Composition Product Form Spec. No. Grade UNS No. Temper Thickness, in. ksi Yield, ksi  Notes °F
Al-Mg-Si-Cu Plate, sheet SB-209 .. A96061 T6 0.051-0.249 42 35 M2 225
Al-Mg-Si-Cu Plate, sheet SB-209 .. A96061 T651 0.250-3.000 42 35 (M)(2) 225
Al-Mg-Si-Cu Drawn smls. SB-210 .. A96061 T6 0.025-0.500 42 35 (1)(2) 225
Tube
Al-Mg-Si-Cu Bar, rod, shapes SB-221 .. A96061 T6 38 35 (132) 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:
(1) Welding and thermal cutting are not permitted.
(2) The material thickness shall not exceed 3 in. (75 mm).
Table KM-400-4M
Aluminum Alloys (Metric)
Specified Specified Max.
Class/ Min. Min. Design
Type/ Condition/ Tensile, Yield, Temp.,
Nominal Composition Product Form Spec. No. Grade UNS No. Temper Thickness, mm MPa MPa Notes °C
Al-Mg-Si-Cu Plate, sheet SB-209 .. A96061 T6 1.30-6.32 290 240 (M)(2) 107
Al-Mg-Si-Cu Plate, sheet SB-209 .. A96061 T651 6.35-75.0 290 240 M2 107
Al-Mg-Si-Cu Drawn smls. SB-210 .. A96061 T6 0.64-12.7 290 240 1)(2) 107
Tube
Al-Mg-Si-Cu Bar, rod, shapes SB-221 ... A96061 T6 260 240 M) 107
Al-Mg-Si-Cu Smls. extr. Tube SB-241 ... A96061 Té6 260 240 1)) 107
Al-Mg-Si-Cu Shapes SB-308 .. 796061 T6 260 240 12 107

NOTES:
(1) Welding and thermal cutting are not péxmitted.
(2) The material thickness shall not exceed 3 in. (75 mm).
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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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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 anal-
ysis (FEA) 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

(21)

The following procedure may be used to determire the
true stress-strain curve model for use in a nonlihéar as-
sessment when the strain hardening characteristics of
the material are to be considered. The nomenglature used
for this procedure is given in Mandatory Appendix 1.

O;
gs= L +nty

KM-620.1
E, ( )
where
W= %[1.0 > tanh(H) ] (KM-620.2)
Yo 82—2[1.0 + tanh(H) ] (KM-620.3)
1
(KM-620.4)

Ay = ———=m (KM-620.5)

ln(R] + [sp - eys]

m =
! : In(1+ &) (KM-620.6)
n|f ————=
In (1 + sys)
5
2
& = [ﬁj (KM-620.7)
Ay
_ Zuts P (m2) (KM-620.8)
my
m
2(0}7[0’ + K|oys — o D
= s+ Kouts ~ o) (KM-620.9)
K(o'uts - Uys)
[0}
R=— (KM-620.10)
Outs
g = 0.002 (KM-620.11)
K = 15R" - 0.5R%> - B3> (KM-620.12)

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 ul-
timate tensile strain. The stress-strain curve beyond this
point should be perfectly plastic. The value of true ulti-
mate tensile stress at true ultimate tensile strain is calcu-
lated as follows:

Outs, t = Outs €xp [my] (KM-620.13)

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
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represented by eq. (KM-630.2). The material constants
provided in Table KM-630 (Table KM-630M) are also

1
L
0, 0, css . . .
&g = 2 + {—“} (KM-630.1) used in this equation.
Ey Kess
_ The h}_/steresw loop stress-strain curve of a mater_lal e O o O |’ (KM-630.2)
(i.e., strain range versus stress range) obtained by scaling tr 2K o
the cyclic stress-strain curve by a factor of two is
Table KM-620
Tabular Values for Coefficients
Maximum
Material Temperature mop ms m, ms €p
Ferritic steel [Note (1)] 900°F (480°C)  0.60 (1.00 -R) 2 1In [1 + (E1/100)] In [1007(100 - RA)] 22 20E-5
Austenitic stainless steel and 900°F (480°C) 0.75 (1.00 - R) 31In[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) 2 In[1+ (EI/100)] In [100/(100 - RA)] 22 20E-5
Precipitation hardening, nickel based 1,000°F (540°C) 1.09 (0.93 - R) In [1 + (EI/100)] In [100/(100 - RA)] 22 2.0E-5
Aluminum 250°F (120°C)  0.52 (0.98-R) 1.3 1In[1 + (EI/100)] In [100/(100 - RA)] 22 50E-6
Copper 150°F (65°C) 0.50 (1.00 - R) 2 1In [1 + (EI1/100)} In [100/(100 - RA)] 22 50E-6
Titanium and zirconium 500°F (260°C)  0.50 (0.98 - R) 1.3 In [1 + (B[}100)] In [100/(100 - RA)] 22 2.0E-5

NOTE:

(1) Ferritic steel includes carbon, low alloy, and alloy steels, and ferritic, martensitic, and iron-based age-hardening stainless steels.

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
Carbonisteél (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
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Table KM-630

Cyclic Stress-Strain Curve Data (Cont'd)

Material Description Temperature, °F Mgy K s, Ksi

1Cr-'%4Mo (2 in.-base metal) 70 0.105 925
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 1005

1,110 0.153 80,6

2Y,Cr-,Mo 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

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 0.144 223
Aluminum (2014-T6) 70 0.132 139.7
Aluminum (5086) 70 0.139 96.0
Aluminum (60097T4), 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 0112 668
1Cr-'%4Mo (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-Y,V 20 0.128 1082
400 0.128 912
500 0.143 815
550 0.133 693
600 0.153 556
2-Y,Cr-%,Mo 20 0.100 796
300 0.109 741
400 0.096 730
500 0.105 652
600 0.082 428
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
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Table KM-630M
Cyclic Stress-Strain Curve Data (Cont'd)

Material Description Temperature, °C Ness Kcss, MPa

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

Table KM-630.1
Coefficients for the Welded JointFatigue 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 0.27712

GENERAL NOTE: In U.S. Customary units, the’equivalent structural stress range parameter, AS,,,ge, in L-320 and the structural stress
effective thickness, t.ss, defined in KD-34Qare in ksi/(inches)®+:)/2™ss and inches, respectively. The parameter m; is defined in
KD-340.

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

All Alloys in KD-371 Except Aluminum 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 0.31950 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 SI units, the equivalent structural stress range parameter, AS,,pge, in L-320 and the structural stress effective
thickness, t..s, defined in KD-340 are in MPa/(mm)@"+)/2"s and mm, respectively. The parameter m, 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:

- an inner 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 Di-
vision, and be made of materials listed in Part KM or cer-
tified 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 have been'veri-
fied independently of the material supplier.toyASTM E8
and ASTM E23, respectively, and the finished product
has been surface inspected to ASME Section V, Article 6
or Article 7 requirements and volumetrically inspected
to ASME Section V, Article 5 requikements, or

(b) the component has been verified using the methods
of Article KD-12 with an impulse of at least 1.732 times
the design basis impulse;the impulse may be reduced
to 125% of the design-basis impulse when external sec-
ondary containment-or-a barrier for personnel protection
is present, or

(c) it may be shown that the failure of the inner layer
does not result in failure of the outer layer.

A single combined layer may be used if it meets all the
requirements of this Division.
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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 lim-
its, 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 De-
sign Specification (see KG-311) and all stresses intro-
duced by the fabrication processing, autofrettage,
temperature gradients, etc., shall be considered, This
analysis shall be documented in the Manufacturer's De-
sign Report. See KG-323.

KD-101 MATERIALS AND COMBINATIONS OF
MATERIALS

A vessel shall be designed for and censtructed of mate-
rials permitted in Part KM. Any cambination of those ma-
terials in Part KM may be used,provided the applicable
rules are followed and thesequirements of Section IX
for welding dissimilar imetals 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
I, Part D~With the publication of the 2004 Edition, Sec-
tion IL-Part D is published as two separate publications.
One-publication contains values only in U.S. Customary
umnits“and the other contains values only in SI 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 ma-
terial machined-to its final configuration.

For openings, closures, and other types of construction,
such ag“multiple-wall and layered, wire-wound, or
weldé€d;ythese rules shall be supplemented by those given
inthe appropriate Articles, 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 dam-
age. It can be of any suitable material, and this material
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
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(b) service temperature conditions that produce ther-
mal stresses, such as those due to thermal gradients or
differential thermal expansion

(c) weight of vessel and normal contents under operat-
ing or test conditions

(d) superimposed loads caused by other vessels, piping,
or operating equipment

(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
or strip winding, rolling, forming, welding, thermal treat-
ments, 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 tepipera-
tures during operation can be definitely predicted for dif-
ferent axial zones of the vessel, the design ofthe different
zones may be based on their predicted temperatures.

When the vessel is expected to operdte at more than
one temperature and under different pressure conditions,
all significant sets of temperaturesand coincident pressure
shall be considered.

The material temperaturesunder steady operating con-
ditions may vary significantly through the thickness. The
temperature used in the design shall be not less than the
mean temperature through the thickness of the part being
examined underthe’set of conditions considered. If neces-
sary, the material temperature shall be determined by
computations or by measurements from equipment in
service-under equivalent operating conditions. However,
in ng case shall the temperature at any point in the mate-
rial or the design temperature exceed the maximum tem-
perature in Tables KM-400-1 through KM-400-3 (Tables
KM-400-1M through KM-400-3M) for the material in
question or exceed the temperature limitations specified
elsewhere in this Division, except as provided in KD-113.

In vessels exposed to repeated fluctuations of tempera-
ture in normal operation, the design shall be based on the
highest fluid temperature, unless the designer can de-
monstrate by calculation or experiment that a lower tem-

perature can be }'ncriﬁ'nﬂ

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 be-
low MDMT.

The lower limit of the material temperature during the
hydrostatic test is given in KT-320.

(b) It is the responsibility of the designer to spegify'the
anticipated temperature of the overpressure relief device.

KD-113 UPSET CONDITIONS

Sudden process upsets, which occutinfrequently, can
cause local increases or decrease$ in material surface
temperature. For the purpose of-the static pressure de-
sign requirements, no credit,shall be taken for that por-
tion of the wall thickness/which is predicted to exceed
the maximum temperature’permitted in the material’s
yield strength table.(Fhe minimum metal surface tem-
perature that occursduring sudden cooling shall be con-
sidered in the fracture toughness evaluations.

A complete stress and fracture mechanics analysis is
required for\any credible upset condition.

KD-114—~ ENVIRONMENTAL EFFECTS

Fhe designer shall consider environmental effects, such
as corrosion, erosion, and stress corrosion cracking, and
their influence on the material thickness, fatigue, and
fracture 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 II, Part
D)

(b) yield strength S, (see Part KM and Section II, Part
D)

(c) fracture toughness K;. (see Nonmandatory Appen-
dix D)

(d) fatigue crack growth constants C 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
o}
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(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)

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 materi-
al. The equivalent stress is the von Mises stress calculated
from the three principal stresses at that point using the
following equation:

0.5
Op = %{(01 - 02]2 + (02 - 03)2 + (03 - 01]2:| (KD-131.1)

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 4. In this
case, residual stresses shall be included in the load eases
of Table KD-230.1.

(b) Residual stresses shall be considered . in the calcu-
lated number of design cycles in accordancé\with Article
KD-3 or KD-4.

(c) The vessel may contain residudl(stresses of prede-
termined magnitudes and distributions. These residual
stresses may be produced by assémbling concentric cylin-
ders with an interference in the'dimensions of the mating
surfaces (shrink fitting). Such vessels shall meet the re-
quirements of Articles KD-8 and KF-8.

(d) Residual stresses.also may 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 thermal heat treatments may also be pres-
ent{ 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 open-
ings, and end closures and their attachment to cylindrical
vessels. Additional guidance is provided in Nonmanda-
tory Appendix H.

KD-140 FATIGUE EVALUATION

If it can be shown that the vessel will have a leak-
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 analysis using 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.

LEAK-BEFORE-BURST -MODE OF
FAILURE

(a) For the purpose of this Code; it may be assumed that
a leak-before-burst failure‘mode will occur in a single-
wall component or a cencentrically wrapped welded
layered vessel if the critical crack depth in the appropri-
ate plane is greater than the wall thickness at the location
considered. Since.many of the available methods for cal-
culating stress intensity factors are not accurate for very
deep cracks;.it may not be possible to determine critical
crack d€pths that are greater than 0.8 times the wall
thickfess. In such cases, leak-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 (K1c/5y)2

(b) For the case of failure due to a crack in the
tangential-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 calcu-
lated 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).

KD-141
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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 Mandatory 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 thi$ Part. Vessel details
that conform to the design requirements of Nonmanda-
tory Appendix E, E-100 through E-120, are not required
to be evaluated using the elastic-plastic analysis methods
of KD-230 through KD;236 or the linear elastic analysis
of Mandatory Appendix 9.

(f) Use of the-d€sign equations in KD-221 or elastic-
plastic analysisyin 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 process for introdu-
cing favorable residual stresses into a vessel by straining
the vessel interior to cause plastic deformation through

part or all of the wall thickness

(b) Deformation. Deformation of a component part'is al-
teration of its shape or size due to stress or.temperature
changes.

(c) Equivalent Stress. The equivalent@&tress is defined in
9-200 based on the maximum distortion energy (von
Mises theory).

(d) Fatigue Strength Reduetion Factor. This is a stress
intensification factor whicif accounts for the effect of a lo-
cal structural discontinuity (stress concentration) on the
fatigue strength. Valu€s for some specific cases, based
on experiment, are given elsewhere in this Division. In
the absence of experimental data, the theoretical stress
concentrationvfactor 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 pat-
tern 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 inelasti-
city 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 ma-
terials including strain hardening and the stress redistri-
bution 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 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 ]imifi‘ng load
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(5) Limit Analysis. Limit analysis is a special case of
plastic analysis in which the material is assumed to be
ideally plastic (nonstrain-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 ap-
proach, 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 with-
out bound at this load, which is termed collapse load.

(7) Plastic Hinge. A plastic hinge is an idealized con-
cept 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 gen-
eralized 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 oc-
cur after the removal of all applied loads.

(9) Ratcheting. Ratcheting is a progressive incremen-
tal inelastic deformation or strain which can occur in a
component that is subjected to variations of mechanical
stress, thermal stress, or both (thermal stress ratcheting
is partly or wholly caused by thermal stress).

(10) Shakedown. Shakedown of a structure ocelrs if,
after a few cycles of load application, ratcheting ceases.
The subsequent structural response is elastic, of elastic-
plastic, and progressive incremental inelastic deforma-
tion is absent. Elastic shakedown is the ease 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 mo-
tions are those that wotld.occur because of relative ther-
mal expansion of piping, equipment, and equipment
supports, or because of rotations imposed upon the
equipment by sources other than the piping.

(12) Expansion Stresses. Expansion stresses are those
stresses resulting from restraint of free end displacement.

(g) Load Stress. The stress resulting from the applica-
tiod of a load, such as internal pressure or the effects of
grayity, 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 load-
ing, discontinuity, or both effects would, if not limited,
produce excessive distortion in the transfer of load to
other portions of the structure. Conservatism requires

membrane stress even though it has some characteristics
of a secondary stress. An example of a local primary mem-
brane stress is the membrane stress in a shell produced
by external load and moment at a permanent support
or at a nozzle connection.

(i) Local Structural Discontinuity. A local structural dis-
continuity is a source of stress 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 small attachments.

(j) Membrane Stress. Membrane stress is the,;eompo-
nent of normal stress that is uniformly distributed and
equal to the average value of stress acress the thickness
of the section under consideration.

(k) Normal Stress, 0. The compongéunt of stress normal to
the plane of reference (this is,alse/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 madefup in turn of two components,
one of which is unifermly 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 locationsacross the thickness.

() Operational Cycle. An operational cycle is defined as
the inifiation and establishment of new conditions fol-
lowed‘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 be-
tween 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 local-
ized falls into this category if it is of a type which cannot
cause progressive deformation (ratcheting). Examples of
peak stress are:

(1) the thermal stress which occurs when a relatively
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 de-
veloped by the imposed loading which is necessary to sa-

tisfy the simple laws of equilibrium of external and
internal forces and moments.The basic characteristic of

that such a stress be classified as a local pri‘mnry
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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 mem-
brane stress is divided into general and local categories. A
general primary membrane stress is one which is so dis-
tributed in the structure that no redistribution of load oc-
curs 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
discontinuities

(2) bending stress in the central portion of a flat head
due to pressure

(o) Secondary Stress. A secondary stress is a normal
stress or a shear stress developed by the constraint of ad-
jacent 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 to occur 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, T. The shear stress is the component of
stress tangent to the plane of reference.

(q) Stress Intensity, S. The stress intensity is defined ‘as
twice the maximum shear stress. In other words, the
stress intensity is the difference between the algebraically
largest principal stress and the algebraically“smallest
principal stress at a given point. Tension stresses are con-
sidered positive and compression stresses are considered
negative.

(r) Thermal Stress. A self-balancing stress produced by
a nonuniform distribution of termperature or by differing
thermal coefficients of expansion. Thermal stress is devel-
oped in a solid body whené&ver a volume of material is
prevented from assuming the size and shape that it nor-
mally should under a change in temperature. For the pur-
pose 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, ex-
ceeds twice the yield strength of the material, the elastic
ahalysis may be invalid and successive thermal cycles
may produce incremental distortion. Therefore, this type
is classified as secondary stress in Figure 9-200.1. Exam-
ples of general thermal stress are:

(-a) stress produced by an axial temperature gra-
dient in a cylindrical shell.

(-b) stress produced by temperature differences
between a nozzle and the shell to which it is attached

(-c) the equivalent linear stress produced by the
radial temperature gradient in a cylindrical shell. Equiva-
lent linear stress is defined as the linear stress distribu-
tion which has the same net bending moment as the
actual stress distribution.

(2) local thermal stress, which is associated with al-
most complete suppression of the differential expansion
and thus produces no significant distortion. Such stresses
shall be considered only 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 equivalent linear stress resulting from a radial tem-
perature distribution in a cylindrical shell

(-c) the thermal stress-in{a liner material that has
a 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 result in 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 (breath-
ing) mode.

(u) Quasi-static Pressure (QSP). Quasi-static pressure is
the maximum pressure in the vessel which is not the di-
rect result of impulsive loading, such as a residual after
pressure from the maximum design explosive detonation.
The stress at any point resulting from the QSP may be de-
termined 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 ade-
quate safety against collapse. These equations are 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 egs.
(I(n-771 1) fhrnngh (I(n-')71 6), as app]ir‘nh]n, may result
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in through-thickness yielding and excessive component
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:

Pp = min [[2.986Kut (sy) (Y0'268 - 1]}

[1.0773 (Sy + Su) (yo.zes _ 1) D (KD-221.1)

Open-end cylindrical shell for Y > 2.85 and closed-end
cylindrical shell for all Y values:

Pp=min ([0.924K,(5)In(¥)],

| (KD-221.2)
[5 (5, + S0 m(y)D

where

K, = factor of upper limit of hydrostatic test pressure
(see KT-312)

S, = tensile strength at design temperature from Sec-
tion 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.

S, = yield strength at design temperature from Section
II, Part D, Subpart 1, Table Y-1

open-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 to an external yoKe’or other
structure, such that the cylindrical shell doesnet 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 con-
sisting of n layers with different yield strengths, the equa-
tion in KD-22%:1"is replaced by:

Open-enid-cylindrical shell for ¥ < 2.85:

Pp-= min (Lglz.%skm [Syj)(yjo.268 B 1)}

n
{Zl 10773 (Sy; + Sy) (KD-221.3)

(=)

Open-end cylindrical shell for Y > 2.85 and closed-end
cylindrical shell for all Y values:

Pp = min [Lgloezwutj[syj) ln(Yj]},

Lgl % (85 + Suy)n (Y})D

(KD-221.4)

where

K, = factor of upper limit of hydrostatic test pressure

for each individual layer (see KT-312)

Sy; = tensile strength at design temperature for each
layer from Section I, Part D, Subpart 1, Table U.
If the tensile strength is notilisted in Section II,
Part D, Subpart 1, Table U)yield strength instead
of tensile strength may’be tsed.

S,; = yield strength at desigh temperature for each
layer from Section}f) Part D, Subpart 1, Table Y-1

Y; = diameter ratio for each layer

KD-221.3 Spherical Monobloc Shells. The design
pressure Pp shall'not exceed the limit set by the equation:

Py Min [[1.6Kut(5y) In(v)]

[% (8 + Su)in [Y)D

KD-221.4 Spherical Layered Shells. For shells con-
sisting of n layers with different yield strengths, the equa-
tion in KD-221.3 is replaced by:

(KD-221.5)

S —
L

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-221.6)

M=

. % (S + Su)n (YJ']D

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 longitu-
dinal stress remains the intermediate principal stress (i.e.,
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be checked for safety against buckling. For the special
case of cylindrical monobloc shells, the following equa-
tion shall be used:

E(y - 1)°

- w7 (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 (KD-231) is conducted using numerical methods
such as elastic-plastic finite element or finite difference
analysis for the loadings described in Table 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 de-
termining 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 collapse load. Elastic-plastic
stress analysis closely approximates the actual structiral
behavior by considering the redistribution of stress,that
occurs as a result of inelastic deformation (plasticity)
and deformation 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 matérial model (see KM-620
or KM-630, as appropriate) torobtain a solution. The ef-
fects 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 anal-
ysis hall 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 demon-
strated by satisfying the following criteria:

(a) Global Criteria. A global plastic collapse load is es-
tablished 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 computation 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 resistance of the component to
these factored loads are analyzed using elastic-plastic
analysis (see Table KD-230.4).

(b) Service Criteria. Service criteria that limit the poten-
tial for unsatisfactory performance shall be analyzed at
every location in the component when subject to the ser-
vice loads (see Table KD-230.4). Examples of service crix
teria are limits on the rotation of a mating flange pair\to
avoid possible flange leakage concerns, and limitsvon
tower deflection that may cause operational cencerns.
In addition, the effect of deformation of the Component
on service performance shall be evaluated(at'the service
load combinations. This is especially impéttant for com-
ponents that experience an increasein résistance (geome-
trically stiffen) with deformation\under applied loads
such as elliptical or torisphericaldheads subject to internal
pressure loading. The plastic éollapse criteria may be sa-
tisfied but the componentmay have excessive deforma-
tion at the service conditions. In this case, the design
and service loads have-to be reduced based on a deforma-
tion criterion. Examples of some of the considerations in
this evaluation,are the effect of deformation on

(1) piping connections

(2)mijsalignment of trays, platforms, and other inter-
nal or.external appurtenances

(3) interference with adjacent structures and
equipment

(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 in-
tegrity of the vessel shall be evaluated by the designer and
the results of this evaluation shall be included in the Man-
ufacturer’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 de-
sign temperature for all components is greater than that
shown in Table KD-230.3 based on the actual hydrostatic
test pressure that will be used for testing the component.
Interpolation between the values of test pressure is per-
missible in Table KD-230.3.

KD-231.3 Elastic-Plastic Assessment Procedure.
The following assessment procedure is used to determine
the acceptability of a component using elastic-plastic
stress analysis.

Step 1.Develop a numerical model of the component in-
cluding 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 prnvidpd The ana]ycic of one or more numerical
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Table KD-230.1
Loads and Load Cases to Be Considered in Design

Loading Condition

Design Loads

Pressure Testing 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

Normal Operation Assembly loads

Dead load of component plus insulation, refractory, fireproofing, installed internals, eatalyst,

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

Normal Operation Plus Occasional
[Note (1)]

Assembly loads

Dead load of component plus insulation, refractory, fireproofing, installed internals, catalyst,

packing, platforms, and other equipment suppgxted*from the component in the installed

position

Piping loads including pressure thrust

Applicable live loads

Pressure and fluid loading during normal operation

Thermal loads

Wind, earthquake, or other oceasional loads, whichever is greater
Loads due to wave action
Loads imposed by the motion of the structure to which the vessel is fastened

Abnormal or Start-up Operation Plus
Occasional [Note (1)]

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 leads including pressure thrust

Applicable live loads

Pressure and fluid loading associated with the abnormal or start-up conditions

Thermal loads
Wind loads

NOTE:

(1) Occasional loads are usually governed by wind and earthquake; however, other load types such as snow and ice loads

may govern (see ASCE/SEI 7).

models may be required to ensure that an accurate de-
scription 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 in-
clude, but not be limited to, those given in Table
KD<230.1.

Step 3. An elastic-plastic material model shall be used
in the analysis. The distortion energy yield function and
associated flow rule should be utilized if plasticity is an-
ticipated. A material model that includes hardening or
softening, or an elastic-perfectly plastic model (see

Article KM-6) may be utilized. A true stress-strain curve
model that includes temperature dependent hardening
behavior is provided in KM-620. 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
shall be evaluated. The effects of one or more loads not
acting shall be investigated. Additional load cases for spe-
cial conditions not included in Table KD-230.4 shall be
considered, as applicable.
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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 appurtenance$ (€.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, othet, vessels, and piping
L Appurtenance live loading
Effects of fluid momentum, steady state and transient
Ly Floating transporter acceleration loads due to spectral motion response détexmined 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

W, [Note (1)]

Assembly loads (e.g., shrink fit, wire winding, sealing preload)

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 considéred“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 standard to be applied and provide suitable

load factors if different from ASCE/SEI 7.

Step 5.Perform an elastic-plastic analysis for each of
the load cases defined in Step-4If convergence is
achieved, the component is stablewunder the applied loads
for this load case. Otherwise;-the component configura-
tion (i.e., thickness) shall bexmodified or applied loads re-
duced and the analysisrepeated.

Table KD-230.3
Combination for Analysis Exemption of
Hydrostatic Test Criterion

Ratio of Hydrostatic Test

Pressure to Design Ratio of Yield Strength to

Pressure Tensile Strength
1.25 >0.612
1.30 20.653
1.35 20.694
1.40 >0.799
1.43 >0.910

KD-232 PROTECTION AGAINST LOCAL FAILURE

In addition to demonstrating protection against plastic
collapse as defined in KD-231, the local failure criteria be-
low 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) all loads listed as local criteria in Table KD-230.4.

(2) a series of applied loads as described in KD-234.
The same loading histogram needed to demonstrate com-
pliance with KD-234 shall be used in this analysis.
KD-350 contains guidance in development of that loading
histogram.

(21
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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
(2) 1.58 (Pp
(3) 1.58 (Pp
(4) 1.58 (Pp
(5) 1.58 (Pp

Local criteria

Service criteria

+ Pg + D)
+Ps+D+T)+203L +2.03L, + 0.655¢

+ Ps + D)+ 2.035¢ + max. [1.28L + 1.28L,, 0.65W]
+Ps+ D)+ 128W + 1.28L + 1.28L4 + 0.655
+Pg+ D)+ 1.28E + 1.28L + 1.28L, + 0.65S5

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/Kue)Pe + Ps + D + 0.6W,, (see KD-236)

According to User’s Design Specification, if applicable. See KD-231.2(b).

GENERAL NOTES:

(a)
(b)
(9
Kyt = [
J
where
Kut =
Ku tj =

t; = thickness of each layer

n

2

The parameters used in the Load Combinations column are defined in Table”KD-230.2.
See KD-231.2 for descriptions of global and serviceability criteria.
If the vessel is made of layered construction, the following equation shall be used for K, .

2 fhr)r 2.5)

factor of upper limit for hydrostatic test pressure (see KT-312)
factor of upper limit of each layer for hydrostatic test pressure

(c) Loads from fabrication operations such as pressure e = 2.7183, approximate value of the base of the nat-
testing, autofrettage, shrink fitting, and wire winding shall ural logarithm
be included if they produce plastic deformiation. These El = minimum specified elongation, %
loads shall not be included in the evaluation of cold- €1, = maximum permitted local total equivalent plastic
forming damage, D&y - strain at any point at the kth load increment
(d) For a location in the component'subject to evalua- €., = maximum of m,, ms, and m,
tion, determine the principal stresses, 01, 0,, 03, the In = natural logarithm
equivalent stress, o, using eq~(KD-232.1) below, and m, = value calculated from Table KM-620
the total equivalent plastic strain, €, ¢ 4. m3 = value calculated from Table KM-620
os m, = value calculated from Table KM-620
2 2 20 = i i -
0, %[(01 B 02) R [02 i 03) . (03 ~ 01] } (KD-232.1) m; § ;;a/l/lgeuhsted in Table KM-620
RA = minimum specified reduction of area, %
01,x = principal stress in the “1” direction at the point of
(e) Determine the limiting triaxial strain €, y, for the interest for the kth load increment
kth load step increment using the equation below, where 04« = principal stress in the “2” direction at the point of
€Lu,Mz)and ms are determined from the coefficients giv- interest for the kth load increment
en-mnTable KM-620. 03, = principal stress in the “3” direction at the point of
interest for the kth load increment
—ms (01 *+ 02k + O3k _ lj 0. = equivalent stress at the point of interest
qr=quettml 3%k 3 (KD-232.2) S = vield :
) , = yield strength at the analysis temperature (see
Section II, Part D, Subpart 1, Table Y-1)
S, = tensile strength at the analysis temperature (see
where Section I, Part D, Subpart 1, Table U)
Epeq—= total nr}niv:\]phf p]ncfir strain
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(f) Determine the strain limit damage for the kth load
step increment using the following equations:

V2 2
Apeq k= 3 (Agp, 11,k — Agp,22,)

+ [Afp,zz,k - Afp,ss,k]z

+ [Afp,33,k - Afp,n,k]z

0.5
+1.5[A(§’12,k YA, A52,31’kﬂ
(KD-232.3)
Dk = Aepeq,k/ €1,k (KD-232.4)
where
D,y = strain limit damage for the kth loading
condition
A€,cq,x = equivalent plastic strain range for the kth
loading condition or cycle
A&, 11,x = plastic strain range in the “11” direction for
the kth loading condition or cycle
A&, 53,k = plastic strain range in the “22” direction for
the kth loading condition or cycle
Ag,, 33 ) = plastic strain range in the “33” direction for
the kth loading condition or cycle
Ag,, 12,% = plastic strain range in the “12” direction for
the kth loading condition or cycle
Ag,, 53, = plastic strain range in the “23” direction for
the kth loading condition or cycle
Ag), 31, = plastic strain range in the “31” dixection for

the kth loading condition or cygle

(g) Add the damage occurring during the kth load step
increment, D ;, to the sum of the ingremental damage oc-
curring at each previous incremeiit to obtain the accumu-
lated damage, D..

(h) Repeat the process in¢(d) through (g) for all load
step increments in the analysis.

(i) If the component has been cold-formed without
subsequent heat.freatment, calculate the damage from
forming, D¢, )Using the equation below. If the compo-
nent has not been cold formed, or if heat treatment has
been performed after forming, the damage from forming,
D cformy-may be assumed to be zero.

1
Deform = €cf/ [5Lue|: B /3[m5/(1 " mz]}] (KD-232.5)

where

damage occurring during forming at the loca-
tion in the component under consideration

forming strain at the location in the component
under consideration

Deform =

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 sepas
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 excessivé _distortion in
the structure of the vessel may lead to failure of the pres-
sure boundary. This could be in thé form of buckling or
bellmouthing (see KD-631.5).

KD-233 PROTECTION AGAINST BUCKLING
COLLAPSE

In addition to evaluating protection against plastic col-
lapse as defined in KD-231, a load factor for protection
against collapse/from buckling shall be satisfied to avoid
buckling of cemponents with a compressive stress field
under applied design loads.

KD-233.1 Buckling Load Factors. The load factor to
bedsed in structural stability assessment is based on the
type of buckling analysis performed. If a collapse analysis
is performed in accordance with KD-231, and imperfec-
tions are explicitly considered in the analysis model geo-
metry, the load factor is accounted for in the factored load
combinations in Table KD-230.4.

KD-233.2 Buckling Numerical Analysis. When a nu-
merical 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-
stiffened cylindrical shell, both axisymmetric and nonaxi-
symmetric buckling modes shall be considered in deter-
mination of the minimum buckling load.

KD-234 RATCHETING ASSESSMENT
ELASTIC-PLASTIC STRESS ANALYSIS

Vessel components connected by nonintegral mechani-
cal 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 at de-
sign 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 using elastic-
plastic analysis, an assessment is performed by applica-

tion remaval and reapplication of the applied loadings
T T rr I O
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If protection against ratcheting is satisfied, it may be as-
sumed that progression of the stress-strain hysteresis
loop along the strain axis cannot be sustained with cycles
and that the hysteresis loop will stabilize. A separate
check for plastic shakedown to alternating plasticity is
not required. The following assessment procedure can
be used to evaluate protection against ratcheting using
elastic-plastic analysis.

KD-234.1 Assessment Procedure.

Step 1.Develop a numerical model of the component in-
cluding all relevant geometry characteristics. The model
used for analysis shall be selected to accurately represent
the component geometry, boundary conditions, and ap-
plied loads.

Step 2.Define all relevant loads and applicable load
cases (see Table KD-230.1).

Step 3.An ideally elastic-plastic (nonstrain hardening)
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 con-
sidered in the analysis.

Step 4.Perform an elastic-plastic analysis for the appli-
cable loading from Step 2 for a number of repetitions of a
loading event, or, if more than one event is applied, of two
events that are selected so as to produce the highest like-
lihood of ratcheting.

Step 5.The ratcheting criteria below shall be evaluated
after application of a minimum of three complete répeti-
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 eonditions is
met, the ratcheting criteria are satisfied.\If the criteria
shown below are not satisfied, the compenent configura-
tion (i.e., thickness) shall be modified or applied loads re-
duced and the analysis repeated:

(a) There is no plastic action-(i:e., zero plastic strains in-
curred) in the component;

(b) There is an elastic\¢ore in the primary-load-bearing
boundary of the comipenent.

(c) There is not a-permanent change in the overall di-
mensions 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 :\n:ﬂycic

(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

An elastic-plastic analysis with ideally elastic-plastic
(nonstrain hardening) material model (see KM-610)
using the yield strength at test temperature from Section
I, Part D, Subpart 1, Table Y-1 shall be performed(n the
vessel for load combinations of hydrostatic testcondi-
tions given in Table KD-230.4. The collapse'loads shall
be not less than load factors given in Table KD-230.4.

KD-237 FLOATING TRANSPORTER (SHIP) LOADS

This paragraph describes th€ procedure that shall be
used to define the loads op-the pressure vessel while un-
der operation due to the:motion of a floating mobile
transporter.

(a) Acceleration loads due to a spectral motion re-
sponse, L 4, 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
frequeney. The wave spectrum, S, is the distribution
of wave energy as a function of frequency. The motion
spé&ctrum of the vessel, Sy, is the combination of the
RAO and wave spectrum. Equations (KD-237.1) through
(KD-237.3) below shall be used to determine the accelera-
tions for a given sea state (based on a wave spectrum)
and direction (based on an RAO).

Sy = Sww (RAO)? (KD-237.1)
0%y = fsxxdw (KD-237.2)
2. _ 4
0%y = fw Sy (KD-237.3)
where
RAO = Response Amplitude Operator
Sww = wave spectrum
Sxx = motion spectrum
o, = standard deviation of motion response
o; = standard deviation of acceleration
w = frequency

The same equations shall be used for both strength and
fatigue assessments. The strength assessment shall use
accelerations for a maximum sea state event (a 100-yr
hurricane for example). The fatigue assessment shall
use accelerations for a multitude of sea states to deter-
mine an acceleration spectrum.

(b) The acceleration loads, L4, found from (a) shall be
npplipd in Tables KD-2301 and KD-2302
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(c) 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 ad-
ditional 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 exam-
ple, this margin may be demonstrated by an elastic-
plastic dynamic analysis, with an impulse equal to
175% of the design-basis impulse, which does not result
in the formation of a plastic instability state (e.g., the for-
mation of a complete plastic hinge around an opening or
closure).

(d) For vessels subjected to either single or multiple
impulsive loading events, the principal elastic-plastic
strain components (g4, €, £€3) through the entire wall
thickness shall be examined over strain cycles within’a
single-loading event, or strain cycles within successive
loading events, respectively. The principal elastic-plastic
strain components are used in determining the average
through-thickness membrane strains and the linearized
bending strains. The membrane and bending strains (in-
ner or outer surface values) are then converted to equiva-
lent plastic strains and compared to respective plastic
strain limits, as follows:

(1) The average membrane equivalent plastic strain
shall not exceed 0.2%.

(2) The linearized equivalent plastic strain shall not
exceed 2% (1% at welds).

(3) The maximum peak equivalent plastic strain dur-
ing the transient\at-any point in the vessel, as the result of
the design basis/impulsive loading, shall not exceed 5%
(2.5% at welds).

The Designer shall consider the need to reduce these
strain limits for areas of high biaxial or triaxial tension.

(e) The bolts shall be in accordance with KD-623. 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 bounds
ary are sealed with face seals or gaskets, the design anal-
ysis 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 con-
sidered by the designer.

(f) Thermal-induced skin stresses on’the inner surface
of the vessel resulting from the desigh basis impulse de-
tonation event need not be limited;-as these are predomi-
nantly under compression during the transient.

(g) A fracture mechanjes 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 prowvided 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. Plas-
tio.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 ba-
sis impulse loading for the worst case operational load
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 con-
ducted using the 100% design basis impulse. The ratchet-
ing 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 cy-
cles 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) Ttshall 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 as-
sumed in the fatigue evaluation. If this verification cannot
be established, internal protective lining is 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 can be shewn 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-before-bupst 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-biirst mode 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 ctacks often initiate at the bore,
cracks may initiate at outside surfaces or at layer interfaces for autofrettaged and layered vessels. In all cases, areas of
stress concentrations are a particular concern. Fatigue-sensitive points shall be identified and a fatigue analysis made for
each point. The result of the fatigue analysis will be a calculated number of desigh cycles N for each type of operating
cycle, and a calculated cumulative effect number of design cycles when more-than one type of operating cycle exists.

The resistance to fatigue of a nonwelded component shall be based on the design fatigue curves for the materials used.
Fatigue resistance of weld details shall be determined using the Structural 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-1260J):'If there are two or more types of stress cycles which
produce significant stresses, their cumulative effect shall.be_eévaluated by calculating for each type of stress cycle the
usage factors Uy, U,, Us, etc., and the cumulative usage factor 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 at any point is controlled by the alternating stress intensity S,
and the associated mean stress ¢ ,,,, normal'to 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 N.

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 maximunitalternating 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.

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 yinld cfrnngrh of the material
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(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) In welded construction, no credit shall be taken for beneficial residual stresses within the weld metal 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 analytical or €xperimental
techniques.

Ranges of stress intensities due to cyclic loadings and associated mean stresses (residual plus,eperational) 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 beingiconsidered do not change during the
operating cycle, the methods stated in KD-312.1 through KD-312.4 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 conditions déscribed in KD-311. These stresses are designated
01,02, and 03.

KD-312.2 Alternating Stress Intensities. Determine the stfess differences (maintain the proper algebraic sign for
the complete operating cycle):

S42= 01 - 02 (KD-312.1)
S3 =07 — 03 (KD-312.2)
$31=03-01 (KD-312.3)

In the following, the symbol §;;-is used to represent any one of these three differences.

Identify the algebraic largest'stress difference S;; max and the algebraic smallest difference S;; i, of each S;; during
the complete operating cycle. Then the alternating stress intensity S, ;; is determined by:

Saltij = O-S(Sij,max - Sij,min) (KD-312.4)

The absolutesmagnitude of these three alternating stress intensities (Sait,12, Sait,23, and Sa1¢,31) are the three ranges
of shear stress that shall be considered in a fatigue analysis. Each will have an associated mean stress (determined be-
low), 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:

On,12 = 0.5(01 + 03 (KD-312.5)
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On,23 = 0.5(0 + 03) (KD-312.6)
0n,31 = 0.5(03 + 01 (KD-312.7)

In the following, the symbol o, ;; is used to represent any one of these normal stresses.
Identify the maximum o, ;;, max and the minimum 6, ;; min value of each o, ;; during the complete operating cygle.
Then the mean normal stresses o ,,,,;; shall be calculated by:
For autofrettaged vessels or nonautofrettaged vessel with compressive mean stress
(1) when S;; max < S, and S;j min > =S, then

Onm,ij = 0-5(0ni,j, max T Oni,j,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-determined from an elastic-plastic
analysis with ideally elastic-plastic (nonstrain-hardening) material using S,. §).is"yield strength at operating tempera-
ture from Section II, Part D, Subpart 1, Table Y-1. Alternatively, ¢,,, ;; may be calculated as equal to 0.5(0,;j, max *
Opn,ij,min) but not less than zero.

For nonautofrettaged vessels with tensile mean stress

(3) when S;; max <Sy/2 and S;j; min > =S, /2, then

Onm, ij = O'S(Um',j,max + oni,j,min] (KD-312.10)
(4) when Sy, 2 5,/2, then
Onm,ij = 0 (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 (nonstfain hardening) material using S, /2. Alternatively, o, ., ;; may be calculated as
equal to 0.5 (0p,ij,max * On,ij,min) but 0ot less than 0.

(21) KD-312.4 Equivalent Alternating-Stress Intensity.

(a) For nonwelded construction~made 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 bolting [see(Figure KD-320.5 (Figure KD-320.5M)], or aluminum alloys [see Figure KD-320.7 (Figure
KD-320.7M)], effects ofumean stress are incorporated in the design fatigue curves. Therefore:

Seq,ij = Salt,ij (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.4, which is assumed to have the same effect on fatigue as the combination
of-the’alternating stress intensity S,;. and its associated mean stress o, ,,, shall be calculated in accordance with the
equation:

1

Seq,ij = Saltj W (KD-312.13)
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where S}, is the allowable amplitude of the alternating stress component when o ,,, = 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 6,,5,,;; < 0 and 0.5 for o, ., ;; > 0 for 17-4PH or 15-5PH stainless steel non-
welded 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 B0y, ,'j/So', exceeds 0.9, limit its value to 0.9.

Using this equation, three values of S, ;; 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).

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 maxifnum range
of shear stress cannot be easily identified using equations based on principal stresses. The position 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.

KD-320 CALCULATED NUMBER OF DESIGN CYCLES

The calculation of the number of design cycles N shall be based either on design,fatigue curves described in 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 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 Ny, which the component is assumed to safely
endure without failure.

(b) The design fatigue curves have been derived fronistrain-controlled push-pull tests with zero mean stress (i.e.,
0nm = 0) on polished unnotched specimens in dry air.\The imposed strains have 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 al-
lowable stress amplitude directly comparable.\§., and S, have the dimensions of stress, but they do not represent a
real stress when the elastic range is exceeded.

(c) The design fatigue curves for forgéd nonwelded construction presented in Figure KD-320.1 (Figure KD-320.1M)
have been developed from fatigue testsin-dry air with polished specimens of steels having an ultimate tensile strength in
the range of 90 ksi to 180 ksi (620 MPa to 1 200 MPa). Fatigue tests with small cylinders pressurized from the inside by
oil and made of low alloy steels*having an ultimate tensile strength in the range of 130 ksi to 180 ksi (900 MPa
to 1200 MPa) have been used:to confirm the validity of these curves for carbon or low alloy forgings with machined
surfaces. For design fatigué 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 non-
welded carbon or low"alloy steels having an ultimate tensile strength less than or equal to 130 ksi (896 MPa) and for
forged nonwelded-carbon or low alloy steels having an ultimate tensile strength less 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 curves are not applicable in the presence of aggressive environments. For conditions not cov-
ered\by these design fatigue curves, the Manufacturer shall provide supplementary fatigue data.

KD-322 USE OF DESIGN FATIGUE CURVE

The fatigue strength reduction factor, Ky, which accounts for the effect of a local structural discontinuity, shall be in-
cluded 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.

(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, pm) or a maximum surface
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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.4 as specified in (g) when determining the
calculated number of design cycles Ny.

(b) Figure KD-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 rough-
ness 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, d Sur-
face 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(ef17-4PH/
15-5PH stainless steel having ultimate tensile strength S, of 115 ksi (793 MPa) or greater. The curve is applicable for an
average surface roughness of 19 R, pin. (0.5 pm) or a maximum surface roughness of 59 pin. (1.5 pmR .« 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’bé 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 ngismaller than 0.032 times the pitch, and in no case
smaller than 0.004 in. (0.102 mm).

(3) fillet radii at the end of the shank shall be such that the.ratio of the fillet radius to shank diameter is not less than
0.060.

The bolt stress shall be determined using the root area, Unless it can be shown by analysis or test that a lower value is
appropriate, the fatigue strength reduction factor for V-type threads, Ky, 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 appliéd 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 cal-
culated number of design cycles Ny isdétermined 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, = 1.0 for AS,, <25, (KD-322.1)
K,=1.0+ (A=) (8% gy 25, < AS, < 2msS), (KD-322.2)
n(m — 1){ 25,
K, = 1 for AS, > 2mS,, (KD-322.3)
n

where AS,, is the primary-plus-secondary stress intensity range.

Otherwise, the alternate method given in KD-323 may be used to calculate K.

(2) Identifu the applicable fatioue curve for the material as explained in (3)
7 4 rr O T A\
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(3) Enter the curve from the ordinate axis at the value:

S E| (curve)

Sa = KfKrKe eq E(

Sl Gkl IS (KD-322.4)
analysis)

where

E(curve) = Modulus of Elasticity given on the Design Fatigue Curve
E(analysis) = Modulus of Elasticity used in the analysis

(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:

_ (Asp)ep + (Ag),

(KD-323.1)
¢ (Agy),
where
V2 2 2
(Agp)ep = 5| (Agp,11 — Ay 22)" + (A8 22 — Agpigs)
(KD-323.2)
2 2 2 2 P8
+(A€p'33 - Asp,ll) + 1.5(A£p'12 + Asp,23 + A&‘p'31)}
Ao,
(Aegei= s (KD-323.3)
ya
1 2 2 2,05
Ao, = ﬁ[(Aol = Adp)” + (Aoy — Ao3)” + (Aog — Aoq)“] (KD-323.4)
and where
E,, = the modulus of elasticity-at'the point under consideration, evaluated at the mean temperature of the cycle

Ag, )., = the equivalent plasticstrain range from the elastic-plastic analysis for the points of interest
pJlep q p g p y p
(Ag.). = the equivalent total strain range from the elastic analysis for the points of interest
Ao, = the range of primiary-plus-secondary-plus-peak equivalent stress

However, if using this alternative method, K, = 1.0 if shakedown is shown in accordance with KD-234.

KD-330 A CALCULATED CUMULATIVE EFFECT NUMBER OF DESIGN CYCLES

If thére are two or more types of stress cycles which produce significant stresses, the alternating stress intensity and
the dsspciated 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 de-
sign service life period based on the expected useful operating life specified in the User’s Design Specification; designate
these numbers nq, n,, ns, etc., or generally n;.

(b) For each type of stress cycle, determine S, by the procedures given in KD-312.4. Designate these quantities S, 1,
Sa,2, Sa,3, etc, or generally S, ;.

(c) For each value S, ;, use the applicable design fatigue curve to determine the maximum number of design repeti-
tions N; if this type of cycle were the only one acting. Designate these as Ny, N, N3, etc., or generally N;.

(21)

(d) Eor each tvne of stress cycle calculate the usage factor U = n . /N
A v A 4 (=] T 7 T
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(21)

(e) Calculate the cumulative usage factor from:

Lor=U1+Us... (KD-330.1)

)

<
I
] M~.

The cumulative usage factor U shall not exceed 1.0.

KD-340 FATIGUE ASSESSMENT OF WELDS — ELASTIC ANALYSIS AND STRUCTURAL STRESS

(a) An equivalent structural stress range parameter is used to evaluate the fatigue damage for results obtainedhom a
linear elastic stress analysis. The controlling stress for the fatigue evaluation is the structural stress that is a funetion of
the membrane and bending stresses normal to the hypothetical crack plane.

(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 cor-
relate fatigue life data. For fillet welded components, fatigue cracking may occur at the toe of thé&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 penéetration. 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 histogram 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 at a weld joint subject to a fatigue evaluatien, determine the individual stress-strain cycles using
the cycle counting methods in KD-350. Define the total numbér of cyclic stress ranges in the histogram 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 " t,respectively) for the kth cycle counted in Step 2. See Section VIII,
Division 2, Annex 5-A for guidance on linearization @f'stress results to obtain membrane and bending stresses. Using this
data, calculate the membrane and bending stres$.ranges between time points ™t and "t, and the maximum, minimum,
and mean stress.

Aop i = (mofn,k + mPk] - ("an,k + ”Pk] (KD-341.1)
Aof i = "oh )~ ob (KD-341.2)
_ m_€ m m_é€ n_e n ne
Omax,k = Max | "ok + "Pr+ "op k|, | Omk+ Pk+0pk (KD-341.3)
o~ minl [M,€ m m_e n_e n ne
Omin,k = WD} | "0k + "Pg + T0p k)| Omk + Pk + Opk (KD-341.4)
o, + Oppi
Omean,k = w (KD-341.5)

Step 4. Determine the elastically calculated structural stress range for the kth cycle, Ac®;, using eq. (KD-341.6).

Aof = Aof, | + Adf (KD-341.6)
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Step 5.Determine the elastically calculated structural strain, Ae®, from the elastically calculated structural stress,
Ac®y, using eq. (KD-341.7).
Acf

Aef =
k Eya,k

(KD-341.7)

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
given by eq. (KD-341.9); see KM-630.

Aoy s Ag = Aof « Aef {KD-341.8)
1
Aep = DOk, o Aok | (KD-341.9)
kK= E 2K,
‘va,k css

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 = (L"‘ZJAS,( (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 whichis a function of the applied stress range and cyclic stress-
strain curve. For high-cycle fatigue applications, this procedure will provide cofrect results, i.e., the elastically calculated 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, t, stress rafnge; Ao, and the equivalent structural stress range parameter,
AS ¢k, are in mm, MPa, and MPa/(mm)®?""»)/27 faspectively, and for U.S. Customary units, the thickness, t, stress
range, Aoy, and the equivalent structural stress-tange parameter, AS,s x, are in in., ksi, and ksi/(in.)&ma)/2m.
respectively.

Aoy,
ASpes k=
ol (o) (KD-341.11)
tess 0 /e [Tiss .fM,k
where
mgs = 3.6 (KD-341.12)
tess = 16 mm (0.625 in.) for t < 16 mm (0.625in.) (KD-341.13)
tess = t for 16 mm (0.625in.) < ¢ < 150 mm (6 in.) (KD-341.14)
tess = 150 mm (6in.) for ¢ > 150 mm (6 in.) (KD-341.15)

1 1.23 - 0.364Ry,  — 0.17RZ
Mgs = ’ :
* 71,007 - 0.306Ry, ;- 0.178RZ,,

(KD-341.16)

e
| A |

Rp k (KD-341.17)

| Aoﬁl’kl + | Aog'kl
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Omean,k = 0.55), k, and

1
fM k= (1 — Rk)mss for Ry >0, and (KD-341.18)
| Aariz,k + Aaik | < ZSy,k

Omean,k < 0.55) k. or

fu = 1.0for | R <0,o0r (KD-341.19)
| AGE, \ + Aof 1 1> 28 1

o
Ry = —mink (KD-341.20)
Omax, k

Step 7.Determine the permissible number of cycles, N, 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 ny.

nje
Df =k }
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

Df= i;Df'k <1.0 (KD-341.22)

Step 11.Repeat Steps 5 through 10 for each pointralong 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 > Ao /3, a modification should be
made when computing the equivalent structural stress range. Two conditions need to be considered:
(1) If Ao and At are out efphase, the equivalent structural stress range, AS .5 , in Step 6, eq. (KD-341.11) should
be replaced by

’— 2 2 0.5
ASess o= = A% +3 Ak (KD-342.1)
F((S) 2 — mgs .ImL. 2 - mg | g
2m ” fM'k 2 ke
less s tess Mss

where

2
123 - 0364Ryr ) — 017RE
1.007 - 0.306Rp, 7  — 0.178RZ, .

i (KD-342.2)

R | Argk |
= =5® KD-342.3
b1,k |AT§qk|+|AT§k| ( )
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ATk = AT 1+ ATE ) (KD-342.4)
ATE = "tk "k (KD-342.5)
ATE = "5 = "l (KD-342)6)

In eq. (KD-342.1), F(6) is a function of the out-of-phase angle between Ao and At if both loading modes can be
described by sinusoidal functions, or:
, 05 0.5
F(6):L 1al1o 12°A013-Arlgosin (6)

= . (KD-342.7)
2 2 2
(Aak n SATk)

A conservative approach is to ignore the out-of-phase angle and recognize the existence of a minimum possible val-
ue for F(§) in eq. (KD-342.7) given by:

F(6) = (KD-342.8)

V2
(2) If Aoy and Aty are in-phase, the equivalent structural stress'range, AS.ss x, is given by eq. (KD-342.1) with F
(6) = 1.0.

(b) Weld Quality. If a defect exists at the toe of a weld that can-b€ 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 /™" in eqs. (KD%3%1.16) 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 - 0.365Rs % 0.789(%) - 0.17RZ + 13.771(%] + 1.243Rb,k[%)

IMss =

KD-342.9)
5 (

a a a
1 - 0.302Rp J; + 7.115[?] - 0.178RZ + 12.903[?) - 4.091Rb,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 into individual cycles that can
be evaluated using'the fatigue assessment rules of KD-340. Two cycle counting methods are presented in this paragraph.
An alternative cycle counting method may be used if agreed to by the Owner-User.

KD-351. DEFINITIONS

The definitions used in this section are shown below.

¢ycle: 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 location, either within an event or in transition be-
tween two events, and the accumulated fatigue damage of the stress-strain cycles determines the adequacy for the spe-
cified operation at that location. This determination shall be made with respect to the stabilized stress-strain cycle.

event: the User’s Design Specification may include one or more events that produce fatigue damage. Each event consists
of loading components specified at a number of time points over a time period and is repeated a specified number of
times. For example, an event may be the startup, shutdown, upset condition, or any other cyclic action. The sequence

of mnlfipln events may be cpnriﬁ'nr‘l aor random
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nonproportional loading: if the orientation of the principal axes are not fixed, but changes orientation during cyclic load-
ing, the loading is called nonproportional. An example of nonproportional loading is a shaft subjected to out-of-phase
torsion and bending, where the ratio 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 constant amplitude 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
proportional 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 Specifi-
cation. 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) Applicable loadings 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.

KD-353 CYCLE COUNTING USING THE RAINFLOW METHOD

The Rainflow Cycle Counting Method ASTM E1049 is recommended-to, détermine the time points representing indi-
vidual 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‘monproportional 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 thie loading histogram. If multiple loadings are applied, it may
be necessary to determine the sequence of peaks and ¥alleys using a stress histogram. If the sequence of events is un-
known, the worst case sequence should be chosen;

Step 2.Reorder the loading histogram to start'and end at either the highest peak or lowest valley, so that only full
cycles are counted. Determine the sequence.of peaks and valleys in the loading history. Let X denote the range under
consideration, and let Y denote the previous)range adjacent to X.

Step 3.Read the next peak or valley. Ifput of data, go to Step 8.

Step 4.1f there 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 absoluté.yalues of ranges X and Y.

(a)If X <Y, go to Step 3

(b)IfX =Y, go to Step, 6

Step 6.Count range Y ds 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 determine the time points representing individual cycles for
thie\case of nonproportional loading. The cycle counting is performed by first constructing the largest possible cycle,
usihg 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 valleys 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, ¢, 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 nn:\lycic must include pp::l( stresses at local discontinuities
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Step 3.Scan the interior points of each event and delete the time points at which none of the stress components in-
dicate reversals (peaks or valleys).

Step 4.Using the stress histogram from Step 2, determine the time point with the highest peak or lowest valley. Des-
ignate the time point as "¢, and the stress components as " o;;.

Step 5.1f time point "t is a peak in the stress histogram, determine the component stress range between time point ™t
and the next valley in the stress histogram. If time point "¢ is a valley, determine the component stress range between
time point "t and the next peak. Designate the next time point as "t, and the stress components as " ¢;. Calculate the
stress component ranges and the equivalent stress range between time points ™t and "t.

"Aaj = oy — "oy (KD*354.1)

mn
ASrange

L ) ) ) 05  (KD-354.2)
= —{(mnAO']_l - mnAUzz) + (mnAO'ZZ - mnAO‘33) + (mnAO'33 - mnAdll) + 6(mnAO'122 + mnAO'223 + mnAO‘321”

2

Step 6.Repeat Step 5 for the current point, "t, and the time point of the next peak gryalley 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 andtrecord the time points ™t and "¢ that
define the start and end points of the kth cycle.

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) 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).

(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 front.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 remain.

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 not exceeding 700°F (371°C)

(b) Series 3xx High Alley Steels, Nickel-Chromium-Iron Alloy, Nickel-Iron-Chromium Alloy, and Nickel-Copper Alloy
for temperatures not eXceeding 800°F (427°C)

(c) Wrought 70 Gépper-Nickel for temperatures not exceeding 450°F (232°C)

(d) Nickel-Chremium-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:

(d) The design number of allowable design cycles, N, can be 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-630.1 (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.

>

N [ ur € (KD-372.1)
fE ASess,k
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(b) If a fatigue improvement method is performed that exceeds the fabrication requirements of this Division, then a
fatigue improvement factor, f;, may be applied. The fatigue improvement factors shown below may be used. An alter-
native 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;=1.0+ 25+ (10)" (KD-372.2)
(2) For TIG dressing

f;=1.0+ 25+ (10)" (KD<372.3)
(3) For hammer peening

f;=1.0 + 4.0+ (10)" (KD-372.4)

In the above equations, the parameter q is given by the following equation:

1.6
q= - 00016 {M] (KD-372.5)

us

(c) The design fatigue cycles given by eq. (KD-372.1) may be modified to-dccount for the effects of environment other
than dry ambient air that may cause corrosion or subcritical crack préepogation. The environmental modification factor,
fE, is typically a function of the fluid environment, loading frequency, temperature, and material variables such as grain
size and chemical composition. A value of fr = 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, f, shall be speeified in the User’s Design Specification.

(d) A temperature adjustment is required to the fatiglie curve for materials other than carbon steel and/or for tem-
peratures above 21°C (70°F). The temperature adjustment factor is given by eq. (KD-372.6).

Er

(KD-372.6)
Egcs

fur=
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Table KD-320.1
Tabulated Values of S, ksi, From Figures Indicated

Number of Design Operating Cycles, Ny

Figure Curve 5E1 1E2 2E2 5E2 1E3 2E3 5E3 1E4 2E4 5E4 1E5 2E5 5E5 1E6 2E6 5E6 1E7 2E7 5E7 1E8
320.1  UTS 90 ksi 311 226 164 113 89 72 57 49 43 34 29 25 21 19 17 162 157 152 145 14
320.1  UTS 125 ksi 317 233 171 121 98 82 68 61 49 39 34 31 28 26 24 229 221 214 204 19.7
320.2  UTS < 80 ksi 275 205 155 105 83 64 48 38 31 23 20 165 135 125 121 115 11.1 10.8 10,3 9.9
320.2 UTS 115-130ksi 230 175 135 100 78 62 49 44 36 29 26 24 22 20 193 185 178 17.2 364 159
320.3  [Note (1)] 378 275 204 142 110 87 65 52 43 34 289 246 204 18.0 16.2 14.8914.39 14.3/14.1814.10

3204 17-4PH/15-5PH 205 171 149 129 103 86.1 72.0 65.1 60.0 54.8 51.6 48.7 45.2 42.8 40.6 37.8 35.9
stainless steel
320.5 HSLA steel bolting 450 300 205 122 81 55 33 225 15 105 84 7.1 6.0 5.3

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 x 10/, e.g, 5E2 = 5 x 102 or 500 cycles.

(c) Interpolation between tabular values is permissible based upon data representation by straight lines on a log-log plot. Accordingly, for
S[ >8> S]',

=

( N'J[log(Si/S)/log(S,-/Sj]]

==
=|

where

S, S, §; = values of S,
N, N;, Nj = corresponding calculated number of design cycles from désign/fatigue data

For example, from the data above, use the interpolation equation above to find the calculated number of design cycles N for S, = 50.0 ksi
when UTS = 125 ksi on Figure KD-320.1:

N <.( 20,000
10,000 10,000
N =18,800 cycles

][log(al/so)/log(él/w)]

(d) Equations for number of design operating cycles:
(1) Figure KD-320.1, UTS = 90 ksi

311Kksi > S5 2 42.6ksi N = EXP[15.433 =2.03011In(S,) + 1036.0351n(S,) /s,ﬂ

17ksi < Sy <426ksi N =[(24275-05) + (7.529 E-10)s3 - (8.636 E-06)In(S,) |
17ksi = S, > 14ksi N BXP[~20.0 In(S,, / 35.12) |
(2) Figure KD-320,4,:07S = 125-175 ksi
317ksi 25,2 60.6%St N =[0.00122 - (7.852E-05)5, + (7.703 E—06)5‘,}'5Tl

N= [((7.8628 E-05) + (3.212E-03)S, + (9.36 E—02)5§) /(1 ~ (8599 E-02)S, + (1.816 E-03)SZ +
24 ksi(< §57< 60.6 ksi 2
(4.05774 E—oe)sgﬂ
24ksi>S;>19.7ksi N = EXP[-20.01n(S, / 49.58) ]
(3) Figure KD-320.2, UTS < 80 ksi
Sq > 38ksi N =[~(7.125E-04) + (44692 E-08)(SDIn(S,) + (3.561E-03) /5,9-5}_1

125ksi <, < 38ksi  N= EXP[(18.0353 ~ 1.35265, — (1.549 &02]53]/[1 — (4.031E-02)S, — (3.854 &03)5})]

Sg < 12.5ksi N = EXP[ - 20.01In(S, / 24.94) |
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Table KD-320.1
Tabulated Values of S, ksi, From Figures Indicated (Cont'd)

GENERAL NOTES (CONT'D):
(4) Figure KD-320.2, UTS = 115-130 ksi
Sy 2 43ksi N= EXP[[9.363 ~ 3.004 E-01(S,) + 1.488 E—04(Sa2]] /(1 — 24133 E-02(S,) — 1.6829 E—04(Sa2)ﬂ

N= (- 197451 + 1063.7(5,%>) — 146.64(S,)/ (1 — 6.73933 E-01(S,>) + 1.51483 E-01(S,)

20ksi < S; < 43 ksi c
~1.1358 E-02(S,"°)

Sz < 20ksi N = EXP[ - 20.0In(S, /39.91)]

(5) Figure KD-320.4, 17-4PH/15-5PH stainless steel

129ksi <55 <207ksi . ; 1(~10.600]log (sa)]3 +80.024[log s,,)]z - 20337 log (Sq) | + 175.13)

(
103ksi < Sy <129ksi  \ _ ;,(56.735[log (S, ]3 - 347.76[ log (sa]]2 +707.66[ log (S,) | - 475.12)

[sa]]2 - 37092 log (S,) | + 259.15)
)

3 2

)
71ksi<S;<103ksi o0~ 29577[log(s,)] + 18059 log
71ksi>S;235.7ksi 4 (41.740[log(S,) | - 201.51[log ()] + 311.25[log (S,) | - 146.68)

(6) Figure KD-320.5, HSLA steel bolting
10,789.34  95,157.4[In(S,)] , 407,873.1
(Sa] (Sa) (Sa)

1,711.095  992,406[In(S,)] 1,916,134
225ksi <5, <81ksi N = 19BTEH T ot 2
g ()] 5 |

81ksi < S; < 450ksi N= -73187 +

84ksi<S;<225ksi  N= EXP(23.9644 +1.1258]In (sa)]2 - 8.2446[1n(5a)]j
2 -1
53ksi < §;<84ksi  N= [(7.6208 E—06] - (3-9025 E-06) (sa) + (4.97327 E —07][5a) }

(7) Figure KD-320.7, nonwelded 6061-T6 and 6062-T651 aluminum
70ksizSa>718ksi EXP[[7.2617 ~ 2.10698) % 6.7452 E—03saz)/[1 - 0.2140S, - 2.3734 E—03Sa2ﬂ

7.18 ksi 2 S, > 2.87 ksi N [(2.9649 EZ)/(\/% ~ 1.6837)}2

(e) Equations shall not be used outside o6f 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
S > 144 ksi N=10(17.0181 - 19.8713 log (S,) + 4.21366 [log (S,)I)/(1 - 0.1720606 log (S,) - 0.633592 [log(S.)I*)
. 214,

Sa < 14.4 ksi N:101/(—0.331096 + 4.3261 In [log (S,)]1/[log (S.)1%)
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Table KD-320.1M
Tabulated Values of S,, MPa, From Figures Indicated

Number of Design Operating Cycles, N,

Figure Curve 5E1 1E2 2E2 5E2 1E3 2E3 5E3 1E4 2E4 ©5E4 1E5 2E5 G5E5 1E6 2E6 5E6 1E7 2E7  5E7 1E8

320.1M UTS 620 MPa 2140 1560 1130 779 614 496 393 338 297 234 200 172 145 131 1172 111.8 108.2 104.8 100 965
320.1M UTS 860 MPa 2190 1610 1200 834 675 565 469 421 338 269 234 214 193 179 165 1579 1524 147.6 140.7/135.8
320.2M UTS <552 MPa 1900 1410 1070 724 572 441 331 262 214 159 138 114 93 86 83 79 77 74 74, 68
320.2M  UTS 793 - 896 1586 1207 931 690 538 427 338 303 248 200 179 165 152 138 133 127 123 119 13 110
MPa
320.3M [Note (1)] 2605 1896 1410 981 761 600 447 364 299 235 199 170 140 124 112 102.6 99.2 98.54" 97.74 97.21
3204M 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 3100 2070 1410 841 558 379 228 155 103 72 58 49 41 37
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: 1E] = 1 x 10/, e.g,, 5E2 = 5 x 10% or 500-¢ycles.

(c) Interpolation between tabular values is permissible based upon data representation by straight.lines on a log-log plot. Accordingly, for
S,‘ >8> Sj,

' [ N J[mg(s,./s)/1og(s,‘/s,‘]]
NN

where

S, Si Sj = values of S,
N, N;, Nj = 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 number of design cycles N for S, = 50.0 ks
when UTS = 125 ksi on Figure KD-320.1:

N. _ (20,000
10,000 10,000
N =18,800 cycles

][log(61/50]/1og(61/49)]

d

=

Equations for number of design operating ‘eycles:
(1) Figure KD-320.1M, UTS = 620 MPa

2140MPa > 5, > 294MPa N =¥XP[19.353 - 2.03011In(S,) + (49254.16In(S,) ~ 95099.7) / 5]
-1
117 MPa < 5; < 294 MPa M= [(3.794 E-05) + (2297 E-12)S3 — (8.636 E-06)In(S,)]
117 MPa > S, > 96.5MPa N = EXP[ - 20.01In(S, / 242.11) ]
(2) Figure KD-320:4M, UTS = 860-1 210 MPa
-1

2190MPa > Sg=418MPa  y - [0,00122 — (1.139 E-05)S, + (4.255 E-07)52]

N= [((7.8628 E-05) + (4.659 E~04)S, + (1.97 E—O3)Sa2) / [1 ~ (1.247E - 02)S, + (3.820 E~05)S2 +
166 MPax S, < 418 MPa )
(1.238 Efos)sgﬂ

166MPa > S; > 1358 MPa N = EXP[ - 20.0In(S, /341.81) ]

(3) Figure KD-320.2M, UTS < 552 MPa

-1
Sz =262 MPa N= [ - [7.125 E—o4] + (9.401 E-10)(S2)In(S,) - (1.8512 E—o9]s§ + (9.35E-03) /53-5}
86 MPa < S, < 262 MPa N = EXP[(18.0353 — 0.19617S, — (3.258 E-04)S2)/(1 — (5.846 E-03)S, — (8.107 E-05)S2)]
S; < 86MPa N = EXP[ - 20.0In(S; /171.96) ]

(4) Figure KD-320.2M, UTS = 793-896 MPa

(21
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Table KD-320.1M
Tabulated Values of S,, MPa, From Figures Indicated (Cont'd)

GENERAL NOTES (CONT'D):
Table continued

S, > 296 MPa N= EXP[(‘).ZO‘)S — 43897 E-02(S,) + 3.3186 E—06(Sa2)) /(1 — 3.60 E~03(S,) - 3.4936 E—oe(saz)ﬂ

N= (— 1974.51 + 405.043(5,2%) - 21.2626(5a)/[1.0 — 0.256625(5,0) + 2.19648 E-02(S,)
138 MPa < S, < 296 MPa
~627115 E-04(5,"))

S, < 138MPa N = EXP[ - 20.01In(S, / 275.35)]

(5) Figure KD-320.4M, 17-4PH/15-5PH stainless steel

889MPa <S5, <1410MPa (- 10.600[log (sa)f' +106.689] log (sa)]z - 359.932[log (S,) ] + 408.175)
710MPa < S; <889MPa ., (56.735]log (sa]]3 - 490.48]log [sa)]z +1410.54(log (S,) | - 1346.471)
490MPa < S; <710MPa /(- 29.577[log (sa)]3 +254.993log (sa)]2 - 736.164[log (S,) | + 714.587)
490MPa > S > 248MPa ., ((41.740]log (sa]]3 - 306509 log (sa]]Z +737.234[log (S,) | - 573.962)

(6) Figure KD-320.5M, HSLA steel bolting
3 100MPa > S, > 558 MPa N= - 7.3187E01 + (2.8331E04) / S2'5 — (6.5611E05)In(S,)/'S, + (4.0791E06) /S,

558MPa 2 S, > 155 MPa N = 1.9878E01 + (11798 E04) /S, + (4.7180 E07)In(S,;)/S2
155MPa > S; > 58 MPa N = EXP[4.4080 E01 + (1.1258]ln[5a]2 - (1.2592)201)In(S,)]

-1
58MPa > S; > 37 MPa N = [7.6208E — 06 — (5.6599 E — 07)s, +{10461E - 08)s,7]

(7) Figure KD-320.7M, nonwelded 6061-T6 and 6061-T651 aluminum

>
483 MPa 2 5, > 49.5 MPa N= EXP[(7.2617 — 3.0551E-018;, +'1.4182 E704Sa2)/[1 — 3.1034 E-025, — 4.9901 E705502H

49.5MPa 2§, > 200 MPa [(29649E2)/(0.380845, - 1.6837)]2

(e) Equations shall not be used outside of the cycle'range given in the Table.

NOTE:
(1) Figure KD-320.3M, Nonwelded Series 3XX fhigh alloy steel, nickel-chromium-iron alloy, nickel-iron-chromium alloy, and nickel-copper

alloy
S =992 MPa N_10[17.0181 - 19.8713 log [(28.3/195) S,] + 4.21366 (log [(28.3/195) S,])?]/(1 - 0.1720606 log [(28.3/195)S,] - 0.633592 (log [(28.3/195)S.])?]
. =99, =

S <99.2 MPa N=101/(-0331096™+ 43261 In (log [28.3/195)S,])/(log [(28.3/195)S.1)?)
a . =
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Figure KD-320.5
Design Fatigue Curve for High-Strength Steel Bolting for Temperatures Not Exceeding 700°F

Number of Cycles, N

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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(21)

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 equations 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, (uin.) AA

1.5

1.4

1.3

1.1 /

1.0

0.9

0.8 I I | I I (-

1 10 100

Average Surface Roughfess, R, (nin.)

GENERAL NOTES:
(a) See ASME B46.1 for definition of arithmatic average surface roughniess, R,.
(b) Curve equations:

R, <19 pin.

K, =10

19 < R, < 250 pin.

K, =1/{- 0.16998 log [R, (pin.)] + 1.2166}

1,000

103



https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2021.pdf

ASME BPVC.VIIL.3-2021

Figure KD-320.6M(a)
Roughness Factor K, Versus Average Surface Roughness R, (um) AA

1.5

1.4

1.3

1.2 >

Kr : /

1.1 /

B =

i /

L //
1.0
0.9
08l

0.1 1

Average Surface Roughhess, R, (.m)

GENERAL NOTES:
(a) See ASME B46.1 for definition of arithmatic average surfagexroughness, R,.
(b) Curve equations:

R, < 0.48 pm

K, =1.0

0.5<R, £64 um

K, =1/{-0.16998 log [R, (um)] + 0.94545}

10
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Figure KD-320.6(b)
Roughness Factor K, Versus Maximum Surface Roughness R ;. (Hin.)
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GENERAL NOTES:
(a) See ASME B46.1 for definition of arithmatic average surface roughness, R,.
(b) Curve equations:

Romax < 59 pin.

K, =10

59 < Ry ax < 785 pin.

K, =1/{ - 0.16998 log [Rmax (nin.)] + 1.3011}

1,000
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Figure KD-320.6M(b)
Roughness Factor K, Versus Maximum Surface Roughness R . (jAm)
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GENERAL NOTES:
(a) See ASME B46.1 for definition of arithmatic average surface roughness, R,.
(b) Curve equations:

Rmax < 1.50 um

K, =10

1.50 < Rjpax < 20 pm

K, =1/{-0.16998 log [Rnax (m)}+ 1.02995}

Table KD-320.7
Tabulated Values of S, Alternating Stress Intensity From Figures KD-320.7 and KD-320.7M

S, With Maximum Mean Stress, S, With Maximum Mean Stress,
N, Number of Cycles ksi 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
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Table KD-320.7
Tabulated Values of S, Alternating Stress Intensity From Figures KD-320.7 and KD-320.7M

(Cont'd)
S, With Maximum Mean Stress, S, With Maximum Mean Stress,
N, Number of Cycles ksi MPa
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 2.96 20
2.0 E+08 2.93 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 follows: 1.0 E+] = 1 x 10/,
e.g, 5.0 E+2 = 5 x 102

(b) Interpolation between tabular values is permissible based upon data representation by straight lines on a log-log plot.
Accordingly, for Si > S > §j,
(N/Ni) = (Nj/Ni)[IOg (Si/S)/log(Si/sj)]

Figure KD-320.7
Design Fatigue Curve for Nonwelded 6061-T6 and'6061-T651 Aluminum for Temperatures Not
Exceeding 225°F

100

10 N

Value of S,, ksi

1
1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07 1.0E+08 1.0E+09 1.0E+10

Number of Cycles, N

GENERAL NOTES:
(@) 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

1,000
N
\\\
N
N
100 N
N
E s
3 N
o ™™
S m T~
b il
=}
©
>
10
1

1.0E+00 1.0 E+01 1.0E+02 1.0E+03 1.0E+04 1.0 E+05 1.0 E+06.\1.0 E+07
Number of Cycles, N

GENERAL NOTES:
(@) E = 69 x 10> MPa.
(b) Table KD-320.7 contains tabulated values.

1.0E+08 1.0E+09 1.0E+10

Jable 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
Nickelcoepper 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

Applied < t

stress

GENERAL NOTE: g = 0.5 mm (0.02 in.) below undercut; r = 0.25¢t 2 4g.
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ARTICLE KD-4
FRACTURE MECHANICS EVALUATION

KD-400 SCOPE

This Article presents a fracture mechanics design ap-
proach. 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. If a leak-before-
burst mode of failure cannot be shown, then the number
of design cycles shall be calculated in accordance 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 me-
chanics 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.
See also Nonmandatory Appendix D.

(b) Manufacturing processes such as welding, héat
treatment, forming, autofrettage, shrink fitting, and¢wire
wrapping introduce residual stresses. Some cracks may
propagate through the resulting residual stréss field due
to cyclic loading. A method for accounting:for these resi-
dual 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 fail-
ure assessment diagram from«API 579-1/ASME FFS-1.
Variation of fracture toughness through the thickness of
a component shall be considered to ensure the toughness
used in this Article is representative of the material at the
location being considered. The critical crack size shall be
calculated for the most severe combination of loading
conditions. Ifithe critical crack depth is less than the wall
thickness, it may not be possible to assume a leak-before-
burst mode of failure. However, see KD-141.

(d)Eor aluminum alloys listed in Table KM-400-4
(Fablé KM-400-4M), a value of 23 ksi-in.” (25 MPa-m*)
shall be used for the critical stress intensity factor, K,
in the fracture mechanics evaluation.

KD-410 CRACK SIZE CRITERIA
KD-411 ASSUMED INITIAL CRACK SIZE

The initial crack size to be used for the,calculation of
the crack propagation design cycles shall‘be based on
the nondestructive examination method-to be used. Un-
less the nondestructive examinationymnethod used can es-
tablish both length and depth, of{the indication, initial
semielliptical cracks are assumeéd to have an aspect ratio
a/t of Ys.

(a) A surface crack notasSociated with a stress concen-
tration shall be assumed'to be semielliptical. The assumed
surface length shallnot be less than the maximum accept-
able nondestructive examination indication as given in
Part KE unless a smaller length is specified in the User’s
Design Specification [see KG-311.12(a)]. If a smaller
length.is/specified, it must be clearly demonstrated that
the-nondestructive examination method used will reliably
detect indications of that 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 fi-
nal 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

(b) the assumed initial crack depth defined in KD-411
plus 25% of the dimensional difference between the the-

oretical critical crack depth and that of the assumed initial
crack

(21)

(21
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(21

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 ex-
ceed 25% of the inner layer thickness.

The theoretical collapse pressure of the combined re-
maining layers shall be calculated using the inside dia-
meter of the innermost of the remaining layers as the
pressure loading diameter.

(b) For all other layers, the allowable final crack depth
shall not exceed 25% of the layer thickness except as in
().

(c) The allowable final crack depth of the outermost
layer also shall not exceed the dimension equal to the as-
sumed initial crack depth defined in KD-411 plus 25% of
the dimensional difference between the theoretical criti-
cal 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 sur-
face and in the through-thickness directions shall be con-
sidered. 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 for-calcu-
lating the fracture mechanics stress intensity factors and
reference stresses for several geometries in.a typical high
pressure vessel are given in Nonmandatory Appendix D
and in API 579-1/ASME FFS-1. Methods"in API 579-1/
ASME FFS-1 for the calculation of stress intensity factors
and reference stresses shall be used“where applicable.

(b) All forms of loading shall\bé considered, including
pressure, thermal, discontifuity, and residual stresses.
Weld residual stresses<may be estimated using API
579-1/ASME FFS-1, BS 7910, finite element, or other ana-
lytical methods. In‘seme cases, the stresses produced by
the action of the\fliid pressure in the crack shall be con-
sidered. Guidelines are given in Nonmandatory Appendix
D.

(c) TheX; values for all loadings except residual stress-
es 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 Kj i, and maximum Kj . 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 intensity factor due to these residual
stresses Kj res. Paragraph KD-430 specifies how Kj res,

*

and K& are combined to calculate a crack

growth rate which shall be integrated to solve for a calcu-
lated 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 intensity.factor ratio
Ry where

da m
4~ cff(rg]Jfak)
AK = KZmaX - K;j min 1
and
Ry = KI*, min + KJ, res
K;imax + Kj res
and nearjthe surface from
di / dN = 2c[f(Re) |(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 (KZmax + Kj res) <0, da/dN may be assumed to be
equal to zero. The values of C and m to be used for some
materials are given in Table KD-430 (Table KD-430M) for
the case of f(Rx) = 1. If Rk = 0, then f(Rg) = 1. The rela-
tionship f(Rx), which may be used for some materials, is
given in Nonmandatory Appendix D.

(b) If the value of AK is less than the value of the thresh-
old AK (AK,j) as given by the following equation, the val-
ue of da/dN may be assumed to be zero.

(1) If (Kf'max + K1,res) < 0, AK may be assumed to be
equal to zero.

(2)If Ry < 0, ie, (K'min + K/ res) < 0, AK compared
with AKyy, shall be AK = (KJ' max + K res) instead of eq.

(1)
For carbon and low alloy steels [S, < 90 ksi (620 MPa)]

AK,,, = thelesserof G(1 - HRg) or I, butnotless than 1.0
ksi-in.”2(1.1 MPa-m*)

For high-strength low alloy steels and martensitic
precipitation-hardened steels [S, > 90 ksi (620 MPa)]

AK., = the lesser of G (1-HRg) or I, but not less than

21
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2y

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 I for some common pressure vessel
materials are given in Table KD-430 (Table KD-430M).

(c) If corrosion fatigue is involved, crack growth rates
can increase significantly. Environmental effects in con-
junction with loading frequency shall be considered when
calculating crack growth rates.

(d) When the operating temperature is higher than
room temperature, C in eq. (1) and eq. (2) shall be ad-
justed using eq. (3), as follows:

E m
C = C —0) 3
/= &)
where
C, = room-temperature crack growth rate factor given

in Table KD-430 (Table KD-430M)
elastic modulus at operating temperature
elastic modulus at room temperature

E
E,

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, the calculated
number of design cycles N, is highly dependent on the se¢
quence of loadings. The designer shall provide a summakry
of the sequence and magnitude of all loadings and a(pro-
jection of the calculated crack growth associated/with
each point in the loading sequence. This sumthary shall
be documented in the Manufacturer’s DesigmReport.

The number of design cycles may be calculated
by numerical integration of the¢rack growth rate
[eq. KD-430(a)(1)]. It shall be asstimed that K; values
are constant over an interval gf.crack growth Aa and Al
that is small relative to the crdck size. To ensure that
the interval of crack depth-is sufficiently small, the calcu-
lation shall be repeated using intervals of decreasing size
until no significant change in the calculated number of de-
sign cycles N, is.obtained.

Table KD-430
Room-Temperature Crack Growth Rate Factors (U.S. Customary Units)

Material C,, in./cycle (ksi-in.%]"“ m G, Ksi-in.” H I, ksi-in.”
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
Martensitic precipitation-hardened steels 2.38 E-10 3.15 6.4 0.85 5.5
Austenitic stainless steels 1"VE-10 330 NA|[Note (1)] NA [Note (1)] NA [Note (1)]
Aluminum alloys 7.01 E-9 3.26 1.64 1.22 1.64

NOTE:

GENERAL NOTE: The effect of the specific corresive 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.

(1) Threshold values for austenitic stainless steels have not yet been established.

Table KD-430M
Room-Temperature Crack Growth Rate Factors (SI Units)

Material C,, mm/cycle (MPa-ml/’)'m m G, MPa-m” H I, MPa-m”
Carbon.aneh low alloy steels (S, < 620 MPa) 3.80 E-9 3.07 5.5 0.8 5.5
High strength low alloy steels, ), > 620 MPa 3.64 E-9 3.26 7.0 0.85 6.0
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

NOTE:

GENERAL NOTE: 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.

(1) Threshold values for austenitic stainless steels have not yet been established.
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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 performed,in straight
single-wall cylinders with no crossholes or discontinuities. Numerical elastic-plastic analyses or experimental tech-
niques 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 in thick-walled pres-
sure vessels. Autofrettage may be used alone or combined with other processes such as shrink fitting or wrapping to
produce a more favorable residual stress distribution than can be conveniently produced by autofrettage alone. See
Article KD-8 for rules on combining these residual stresses.

The method for vessel fatigue design accounting for the residual stresses produced’by autofrettage is given in Articles
KD-3 and KD-4. The guidelines for accomplishing the autofrettage operation aré 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) The theory of autofrettage is based on the fact that the stressiin_a thick-walled cylindrical vessel is higher at the
bore than at the outside surface for a given internal pressure. If such’a vessel is subjected to a continuously increasing
pressure, the entire vessel will deform elastically until some préssiire is reached at which the material at the bore begins
to plastically deform. As the pressure continues to increase,4he 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 pointof first yielding at the bore to a pressure that will place the
elastic-plastic interface at the desired radius. The removal of this pressure then produces compressive residual tangen-
tial stress at the bore and tensile residual tangential stress at the outer wall.

(b) The effects of these residual compressivectangential 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 fractureZmechanics 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 ofithe 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 0,54 = 0,p4, in. (mm)
E_s5elastic modulus, ksi (MPa)
Fy+ = 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 clo-
sures 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 Do /D,
&€m = 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 :\nfnfrnffngn operation P,

113


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2021.pdf

ASME BPVC.VIIL.3-2021

£, = 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

o4p = value of 6,4 at D = Dy, ksi (MPa)

ocp = value of the residual tangential stress at D = D; corrected for the Bauschinger effect, ksi (MPa)

o,.g = residual radial stress corrected for the Bauschinger effect, ksi (MPa)
o,.pa = first approximation of the residual radial stress after autofrettage for D; < D < Dp, ksi (MPa)

o.r = residual tangential stress corrected for the Bauschinger effect, ksi (MPa)
o.ra = 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 is no specified upper limit on autofrettage pressure. However, the permanent tangential strain at the(bore sur-
face 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 résidual stress distribution
produced by autofrettage shall first be performed. This calculation requires knowledge ofithe actual extent of autofret-
tage obtained during the process. This is defined by the diameter of the elastic-plastic intérface D p or by the overstrain
ratio (Dp — D;)/(Do — D;). Possible methods for determining D p are given below. Othér'methods may be used if they can
be shown to be more accurate or conservative.

(b) Machining after autofrettage is permitted. The resulting extent of autofrettage (overstrain ratio) for this condition
is calculated using the final dimensions of the vessel and the assumption that\D » remains as determined above. How-
ever, any residual tensile stresses introduced by the machining shall be\considered.

(c) Calculations in this Article shall use the dimensions in the newsuncorroded condition (see KD-104).

KD-521 CALCULATION OF THE ELASTIC-PLASTIC INTERFACE DIAMETER

The diameter of the elastic-plastic interface D p may be determined from one or more of the following measurements:

(a) €.

(b) €.

(c) P 4. This shall only be used to determine D p ifihe 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
(Dp/ Do)’ = {Egm +v [DgAD’DZH/ 1155,
(U

(b) For all other cases,

(Dp/ Do)’ = [Eem + v (F1/ Acs)]/ 1155,

KD-521.2 When Residual Inside Strain Is Known. If ¢, is measured, calculate D p from the following equation using
an iterative procedure:

2Fe, /1155, = (1 - 2v)inDf /DB) — 1] + (2 = V)(©p/ D) + (1 - v)(Dp/ Do)’

[m[D,%/D,Z) + (0 - D,%)/Dﬂ[1 —v + 1+ vV

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:

Py = 1.155y[ln (Dp/ D) + (DG - DB) / 21)5}
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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.r4 and o,r4) using eqgs. (1) and (2) for D; < D < Dp.

s et (0] [0 ook o], o} 5
2 2 2 2 2
Sy 2D0 DP DO — DI 2D0 D[ D
2 2 2 2 2 2
Ora _ PP = Do gy D\ P || Do-Dp  Deifly Do @
- 2 2 2 2 2
S_y ZDO DP DO - D] ZDO DI D

KD-522.2 Correction for Reverse Yielding (Bauschinger Effect). The residual stressés’shall be corrected for the fact
that reverse yielding may occur on unloading from the autofrettage pressure due to‘the reduction of the compressive
yield strength of the material resulting from tensile plastic deformation. This is known as the Bauschinger Effect. This
correction shall be accomplished as follows:

(a) Using eqs. KD-522.1(1) and KD-522.1(2), calculate the value of D at which (6,r4 = 0,r4) = 0 using an iterative
procedure, and define this as D .

(b) Calculate the value of 6,54 at D = D; from eq. KD-522.1(1) and define this as o 4 p. Calculate the corrected value of
the residual stress at D = D, (defined as o(p), from both eqgs. (1):and (2) below.

ocp/ oup= 1.6695 — 0.1651Y — 4:8871M + 1.9837M% — 0.7296M> (1)
If the end load on the closures is not supported by:the’cylinder wall during autofrettage (open end)
ocp/ oup= <0.5484 + 1.8141Y - 0.6502Y? + 0.0791Y> )

If the end load on the closures is supported by the cylinder wall during autofrettage (closed end), replace eq. (2) with
GCD/UAD = 1.15.

The value of o¢p to be used is theleast negative value of those determined from eq. (1) or (2) above.
(c) Ifocp/Sy < - 0.7, then let 6¢p /S, = - 0.7.
(d) For D; < D < Dy, calculate the residual stress distribution from egs. (3) and (4):

otk _ Dz[In(D/D;) +1]+D;—2D

(3)
ocD Dz - Dy

orR _ DzIn(D/ D)+ D;— D
ocp Dz - Dy

4)

(e) For D > D4, 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) Calculate o, at D = Dz using eq. (d)(4) above.
(2) Calculate 0,4 at D = D, using eq. KD-522.1(2).
(3) Divide the results of subpara. (1) by the results of subparagraph (2) and this equals F,.
(f) For Dz < D < Dp, calculate the residual stresses using eqs. KD-522.1(1) and KD-522.1(2) and multiply the results

ateach value of D hy E,
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KD-523 RESIDUAL STRESSES BETWEEN ELASTIC-PLASTIC INTERFACE AND OUTSIDE DIAMETER

For Dp < D < Dy, calculate the residual stresses using eqs. (1) and (2):

2 2 2 2 2
9R _ g1y BON D0 D1 DP=Do _ Dp 1)
Sy D*)|2D§  D§ - Df 2D§ Dy
2\( p2 2 2 _n2
9R _ ply_ Do\ Dp bi DF=D5 _,[Pp 2
s B 2 z2 2 2 ) "D (2)
y D ZDO DO_DI ZDO [

KD-530 DESIGN CALCULATIONS

These residual stress values are used in the fatigue analysis as described in Article KD-3 and in-thé fracture mechanics
analysis as described in Article KD-4.
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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 re-
quirements 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 com-
ponents that contribute to the strength and sealing cap-
ability of the closure.

(d) For applications involving cyclic loads, the require-
ments of Article KD-3, Article KD-4, Article KD>10, or
Article KD-12, as applicable, shall be met for all parts ex-
cept the sealing element.

(e) Provisions shall be made to preventéeparation of
joints under all service loadings.

(f) The effects of the total load to beresisted, the num-
ber of threads, the number of threaded fasteners, the
thread form, the relative stiffness of mating parts, and
friction shall be considered iy both the static and fatigue
analyses.

(g) Vent passages shallbe provided to prevent pressure
buildup caused by.-aceidental or incidental development
of any secondary.s€aling areas exterior to the designated
sealing surface-(e.g., threads).

(h) Flared, flareless, and compression-type joints for
tubingare not permitted. Proprietary fittings are ad-
dressed in KD-625.

KD-620 THREADED FASTENERS AND
COMPONENTS

(a) Threaded fasteners are frequently described as
bolts, studs, and tie rods.

(b) Straight threaded connections are permitted as pro-
vided for in this Article.? Tapered pipe threads are not

(c) Where tapped holes are provided*in-pressure
boundaries, the effect of such holes (e.g., stress riser, ma-
terial loss) shall be considered in the véssel design.

(d) Thread load distribution shall\bé considered in de-
sign cyclic analysis in accordancg with KD-622.

KD-621 ELASTIC-PLASTIC BASIS

In lieu of the requirements of KD-623(a) through
KD-623(g), the Designer may use the elastic-plastic meth-
od 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-oads 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.

KD-622 FATIGUE AND FRACTURE MECHANICS
ANALYSIS

(a) A fatigue analysis in accordance with Article KD-3
or a fracture mechanics analysis in accordance with
Article KD-4 is required for all threaded connections.

(b) The fatigue evaluation of a threaded joint is 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 in-
ternally threaded penetration on the nominal primary-
plus-secondary stresses in the internally threaded mem-
ber shall be considered.

KD-623 LINEAR ELASTIC BASIS

Linear elastic analysis may be used under the following
conditions:

(a) The number and cross-sectional area of bolts re-
quired to resist primary loads shall be determined. The
yield strength values to be used are the values given in

(21)
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(b) The average primary equivalent stress in accor-
dance with 9-200 S shall be based on the thread root dia-
meter and shall not exceed the following limit:

1
18

S= Sy

(c) For bolts with a reduced shank, which has a dia-
meter less than 0.9 times the thread root diameter, the
above equation shall be replaced by:

1

S=—S5
1577

provided the actual shank diameter is used.

(d) Primary-plus-secondary membrane equivalent
stress in bolts shall not exceed 0.75S,. Primary-plus-
secondary membrane plus bending equivalent stress in
bolts shall not exceed S, due to the combination of both
the design loads and preloads. Stress intensification due
to the threads shall not be considered in the above
analysis.

(e) If a standard bolt and nut pair conforming to mate-
rial specifications in Section II, Part D is used and both
members are of the same material, the thread shear and
bearing capability need not be qualified further.

(f) The average shear stress in the threads, calculated
by dividing the design load by the appropriate thread
shear area, shall be limited to 0.25S,, at the design tem-
perature. The relative strength of mating parts shall be
considered..

(g) The average bearing stress in the threads due to the
maximum design loading shall be limited to 0.75S, at the
design temperature. The relative strength of mating parts
shall be considered.

(h) Relative radial displacement betweeh mating
threads shall be calculated considering the ‘combination
of applied loads and thermal effects. No gredit shall be ta-
ken for thread friction. The results of this analysis shall
demonstrate that the threads having relative radial dis-
placement less than 10% of the Minimum thread overlap
meet the requirements of (f) and (g). No credit shall be ta-
ken for threads whose relative radial displacement ex-
ceeds 10%.

(i) The length of ehgagement is to be taken as the mini-
mum which can occur within the drawing tolerances with
no credit for partial threads.

(j) Conngctions which have imposed loads on threads
in tapped holes shall comply with the requirements of
(k). THe yessel or an integral weld buildup shall have a flat
surface machined on the shell to receive the connection.

(k) Where tapped holes are provided, the threads shall
be full and clean and the engaged length shall not be less
than the larger of dg or

Sy of stud material at design temperature

0.75
S[Sy of tapped material at design temperature

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 1Y/, times the nominal diameter, unless analysis
(see KD-621) using the most unfavorable combination
of tolerances at assembly demonstrates adequate thread
engagement is achieved with a shorter thread length.

Studs greater than eight times the nominal diameterdh
length may have an unthreaded portion which has the
nominal diameter of the stud, provided the following re-
quirements are met.

(a) The stud shall be machined down_tothe root dia-
meter of the thread for a minimum distahce of 0.5 dia-
meters adjacent to the threaded portion.

(b) A suitable transition shall be/provided between the
root diameter portion and the‘fdll diameter portion.

(c) Threads shall be of a*“W¥" type, having a minimum
thread root radius no smaller than 0.08 times the pitch.

(d) Fillet radii at the énd of the shank shall be such that
the ratio of fillet radius to shank diameter is not less than
0.06.

KD-625-.'SPECIAL THREADS AND PROPRIETARY
JOINTS

Mechanical joints for which no standards exist and
othier 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 ser-
vice loadings in accordance with Article KD-12. When vi-
bration, 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 stiff-
ness of mating parts, and friction shall be considered in
both the static and fatigue analyses of the closure. Stress-
es can be minimized by providing generous undercuts
ahead of the first threads and providing flexibility in mat-
ing parts to promote equalization of the thread loads.

KD-631 STRESSES IN VESSEL AT THREADS

The Designer shall identify the area of the threaded clo-
sure where the maximum equivalent stress occurs. This is
generally the area at the root of the most highly loaded
thread, which is usually the first or second thread. Calcu-
lation of this equivalent stress requires consideration of

(21)
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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. Unless it
can be shown by analysis or test that a lower value is ap-
propriate, 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 circumfer-
ential 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 com-
nections which are subject to failure by bellmouthingyer
other types of progressive deformation. Such jointssmay
be subject to ratcheting, causing the mating mémbers to
progressively disengage. See KD-210(f)(9).

KD-631.6 Interrupted Threads. Closures utilizing in-
terrupted threads may be analyzed asiclosures with con-
tinuous 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 in-
terrupted thread. The contact'length used when calculat-
ing the stress distributien 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-uséd, provided the closure is analyzed in accordance
with the rules of Articles KD-2, KD-3, and KD-4, or a pro-
totype has been evaluated in accordance with the rules of
Article KD-12.

(b) For parts for which it is 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 temperature,
so long as the final processing does not adversely affect

KD-640 INTEGRAL HEADS

Integral heads shall be designed in accordance with
KD-230 or Mandatory Appendix 9. The designer may
use Nonmandatory Appendix E instead of KD-230 or Man-
datory 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 in-
stalled that it can be determined by visual external obser-
vation that the holding elements dre)in good condition
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 par-
tial rotation or limited movement of the closure itself or
the locking mechanism, and any automated closure, shall
be designed to meet the following conditions:

(@) The closure and its holding elements are fully en-
gaged in their intended operating position before the ves-
sel can be pressurized.

(b) Pressure tending to open the closure shall be re-
leased 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 of the vessel prior to dis-
engagement of the locking elements and release of clo-
sure need not satisfy KD-652(a), KD-652(b), and
KD-652(c). However, such closures shall be equipped
with an audible or visible warning device that shall serve
to warn the operator if pressure is applied to the vessel
before the closure and its holding elements are fully en-
gaged in their intended position and, further, will serve
to warn the operator if an attempt is made to operate
the locking 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 require-
ments of this Division.

KD-653 REQUIRED PRESSURE-INDICATING
DEVICES

All vessels having quick-actuating closures shall be pro-
vided with a pressure-indicating device visible from the

the ultimate cfrnngrh
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KD-660 REQUIREMENTS FOR CLOSURES
AND SEALS

The requirement of a leak-tight seal is of primary im-
portance in closures for high pressure vessels. This is be-
cause 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 clo-
sure 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 re-
tain the sealing element.

KD-662 REQUIREMENTS FOR SEALING
ELEMENTS

The material selected shall be compatible with all nor-
mally expected process and environmental conditions,
such as pressure, temperature, corrosion, solubility,
chemical reaction, etc., as specified in the User’s Design
Specification.

KD-662.1 Contained Sealing Elements. The materi-
als of construction for sealing elements are generally
not covered in Part KM. The User’s Design Specification
shall either specify the required material of ,furnish
enough information to enable the Designer to.make an ap-
propriate selection.

KD-662.2 Unsupported Metallic Sealing Elements.
Sealing elements which themselvésyprovide 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 at-
tachments may be welded or bolted to the vessel wall. A
detailed fatigue and fracture mechanics analysis in accor-
dance 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 pressure
parts shall be continuous full-penetration welds; se€
KF-220(c).

(d) Attachments may be welded directly to weld depos-
it cladding, in which case the following requirements shall
apply.

(1) For clad construction, attachments may be made
directly to the cladding only if loadings producing pri-
mary stresses in the attachment.weld do not exceed
10% of the design equivalent stress value of the attach-
ment or the cladding material;;Whichever is less. For high-
er loadings, there shall belsufficient attachment welding
either directly to the base metal or to weld overlay clad-
ding to develop thestrength for the primary stress load-
ings (portions of weld not required for strength, e.g., for
weld continuity/or sealing, may be welded directly to
the cladding).

(2)-For linings, 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 re-
liability of attachment before making any attachments di-
rectly 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 imPart KM. The material
and the weld metal shall be €Compatible with that of the
pressure part. The design€r is cautioned to consider the
effects of differences in¢aoefficients of expansion modulus
of elasticity and yield-sfrength between materials at the
design temperature.

KD-712 MINOR ATTACHMENTS

Minof attachments are defined as parts of small size
[not:ever g in. (10 mm) thick or 5 in.2 (80 000 mm?) vol-
ume] 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 di-
rectly 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 dis-
continuity, where

R,, = mean radius of curvature of shell at the
discontinuity
t, = shell thickness

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-
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Figure KD-700
Some Illustrative Weld Attachment Details

Continuous Continuous

A A A A
q \\
x R Forging
(a) Bracket and Lug Attachments (b) Bracket'and Lug Attachments (c) Support Skirts
Full
penetration
weld
o~ r= 1/4 in. e~
r=1/4in. (6 mm) (6 mm)

r=1/4in.
(6 mm)

r=1/4in. (6 mm)
Weld metal
buildup

(d) Section A-A
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(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 mini-
mum 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 in-
ternal 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 maximum
imposed loadings. The imposed loadings include those
due to pressure, weight of the vessel and its contents, ma-
chinery and piping loads, wind, earthquake, etc. (see
Article KD-1). Wind and earthquake loads need not be as-
sumed 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 remova-
ble 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 in the design
(see KD-110).

KD-750 JACKETED VESSELS

When a vessel constructed to£his'Division is to be fitted
with a jacket for heating or €eoling purposes, the jacket
shall meet the following rtles:

(a) The portion of ajacket welded directly to a Division
3 vessel shall meetthé rules of Division 3 for the direct
attachment weldment (actual attachment weld and at-
tachment material) as covered by Parts KF and KM. The
remainder of the jacket shall meet the design rules of this
Division; Division 2, or Division 1, in accordance with the
User’s. Design Specification.

(D) A jacket attached by means other than direct weld-
ing to the vessel shall meet the design rules of this Divi-
sion, Division 2, or Division 1. Spacer bars and jacket
closures shall meet the materials and fabrication require-
ments 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 con-
structed 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 sur-
face of the next larger cylinder or sphere. Each individual
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 strength
of vessels and shall meet the requirements of KD-103.

KD-801 DESIGN CRITERIA

(a) The static strength of layered vessels with 1o signif-
icant gaps between the layers, those that mee€t the re-
quirements of KD-810, or those for which\@, = 1 (see
KD-822 and KD-824) shall be determinged ‘in accordance
with Article KD-1 and either Article XD=2 or Mandatory
Appendix 9.

(b) The equations given in this Article are based on
elastic analysis. However, in the case of shrunk fit vessels,
if additional prestressing:is.obtained from autofrettage,
the residual stress distribution from the local plastic de-
formation shall be cal¢ulated in accordance with the rules
of Article KD-5. In\determining the final residual stress
distribution using an autofrettaged liner, the nonlinear ef-
fects of the/Bauschinger effect shall be considered.

(c) Thé beneficial residual stress distribution in vessels
assembled by shrink fitting shall be calculated according
to thejrules 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 cor-

rections for the effects of the gaps between the lavers

Rules for calculating these stresses are given in KD-820.
No beneficial effects from compressive residual .stresses
shall be considered in the fatigue analysis of these types
of vessels.

KD-802 NOMENCLATURE

D = diameter at any point ip’the“wall, in. (mm)

D, = diameter of inside surfacé of innermost layer, in.
(mm)

D;r = diameter of the intérface between layers, in. (mm)

D, = diameter of ottside surface of layer n, in. (mm)

D, = diameter of eutside surface of outermost layer, in.
(mm)

E = elastic modulus, ksi (MPa)

E; = elastic modulus of inner layer, ksi (MPa)

E, =relastic modulus of the nth layer, ksi (MPa)

E & = ‘€lastic 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)

P;s = 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 ves-
sel with zero gaps

Y = Do/D,

Y; = ratio of outside diameter to inside diameter of in-
ner layer

Y, = ratio of outside diameter to inside diameter of out-
er layer

em = actual circumferential growth, in. (mm), to be mea-
sured at the hydrotest pressure as specified in
KD-822 and KD-824

e.n = theoretical circumferential growth, in. (mm)

n = layer number in which stresses are to be calculated
t = total thickness, in. (mm)

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)
4 AY J
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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)
0. = 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 concentrically
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 distribu-
tion in all layers can be determined within +10%. Docu-
mentation 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 final residual stress shall be calculated and shall
not exceed the yield strength in any layer at any diameter
for the interference fit condition except in the case of
autofrettaged liners [see (c)].

(c) Residual stresses from the interference fitting op-
eration shall be combined with other residual stresses
from other manufacturing or assembly operations in
the layers or completed vessel. See KD-801(a) aud
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-fitting operation or as.a result of weld-
ing shall be considered.

(e) Rules for vessels constructed-from two layers are
given in KD-811 and rules for vesséls’constructed of more
than two layers are given in KD-812.

(f) For shrink-fit vessels aftwo or more layers, the De-
signer may assume a leak-before-burst failure mode for
the vessel if all the following conditions are met:

(1) A fast fracture 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 additional Charpy
V-notch impact energy requirements given in Table
KM-234.2(a). All of the pressure boundary components

that are assumed to remain intact shall meet the require-
ments gi\mh in Table KM-234 ')(:\)

Some plastic deformation is permitted in 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 con-
tains harmful or lethal substances.

KD-811 CONSTRUCTION WITH ONLY TWO
LAYERS

KD-811.1 Interference Pressure. The interfésence
pressure between the inner and outer layers is ¢alculated
as follows:

§
"o

where

1[D12+Dijz, ] 1[D[J2,+D(% ]
AZE 2 Z_Vi+E_ﬁ+VO
| Dif DI 0 DO le

This analysissassumes 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, longitudinal stresses can be developed which will af-
fect the interface pressure obtained due to the Poisson ef-
fect{For such cases, a more detailed analysis is required
tondetermine 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 < D, are then calculated from egs. (1)
and (2):

2. 2
P4} D
o=~ 1+% (M
Yf -1 D
2 2
PlfYI Dy
Opp= ————|1 - )
rr le—l DZ

and in the outer layer, D;s < D < Dy, from egs. (3) and
(4):

By D3
Op = 1+ — 3)
TUyEoal o p?
By D
0, = 1-20 (4)
7
where
Y= Dif/ Dy
Y,=Do/ Dy
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KD-811.3 Final Distribution of Residual Stresses. If
the vessel components contain known residual stresses
produced by autofrettage prior to assembly, these resi-
dual stresses shall be combined with the stresses deter-
mined from eqs. KD-811.2(1) through KD-811.2(4)
above to determine the final distribution of residual
stresses after assembly; see KD-801(a) and KD-801(b).

KD-812 CONSTRUCTION WITH MORE THAN TWO
LAYERS

For the case of vessels composed of more than two
layers assembled with interference, the following proce-
dure shall be used.

(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
stresses 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) Add the stresses calculated in (b) to those calcu-
lated in (a) and determine the total residual stress distri-
bution 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 be-
low (see Figure KD-812).

(1) Layer interference pressure:

2 2 2 2

6,5 (D% - DF)(DF 41 - D3)
- 3 2 2
2Dp Dpy1-Dj

B

(2) Tangential layer stress component due to
prestress:

(-a) for D >D;, K > 1,

3

D
(-b) for K =1, D°>-D;, Px.1 = P; =0,

0y = [1+

(3) Radial layer stress component due to prestress:
(sa) for D >D, K> 1,

3

(-b) for K =1,D > D}, Px 1 =P; =0,

2\ N 2
Dil s Iabn

7| &3 3
D® Jn=K Dy — Df

2

_Px_1Dk -1

=77 2
Dg-Dg -1

Ot

2\ N 2
Dj z FaDn

2|, = 2 2
D® )n=1Dg — Df

2

o - _Px-1Dk-1

rr = 2 2
Dg - Dg -1

Figure KD-812
Diameters and Layer Numbers for Concentric
Shrink-Fit Layered Cylinder

Layer 3
Layer 2

Layer 1
{liner or inner layer)

L
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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 Y, in. (6 mm).

(b) All layers 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
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(d) The effects of gaps between layers on the stress de-
veloped 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 out-
side circumference will not expand as much as a mono-
bloc vessel of the same dimensions unless all layers are
in intimate contact with each other. A measure of the ex-
tent of the gaps between layers is to calculate the circum-
ferential expansion e, [see eq. (1)] of a monobloc
cylindrical shell of the same dimensions and compare that
to the actual measured circumferential expansion e,, of
the layered vessel. This is done at the hydrotest pressure.
The ratio of the actual expansion during hydrotest, di-
vided by the theoretical elastic expansion during hydro-
test is denoted as Q. [see eq. (2)].

P|2 -v)nDg
erh = % 1)
E(v“-1)
The designer may perform a more rigorous analysis to
calculate ey, considering end effects and constraint.
em

€th

Qc (2)

Q. shall be between 0.5 and 1.0; see KF-827.

KD-823 CALCULATION OF STRESSESAN
CYLINDRICAL SHELLS

The designer shall assume a value,of,@ . between 0.5
and 1.0 to determine the stress distribution in the vessel.
The actual value of Q. measured.at*hydrotest shall be re-
ported to the designer to verifyithat the vessel meets the
rules of this Division. Assuming a value of Q, or using the
measured value of Q., thévalue of F, the gap correction
factor, is calculated using eq. (1):

~ 2PD}(10 - Q)

F,
© D§-0f

1)

Once the value of F. is known for a particular vessel,
the three principal stresses due to internal pressure are
calculated according to egs. (2), (3), and (4). These calcu-
lated stresses are primary membrane 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.

PD,Z(Dg + DZ)

DZ(DOZ - D,Z)

D0+D]—2D
Do - Dy

o = ¢ (2)

1 PDf gl 1
or= D{ PDy + D(% - Z{D Dy DO(D DIH -
FC
* oot I[D(D, +Dp) = D* - Doy |
PD}
o, = Dg —IDIZ (4)
KD-824 CIRCUMFERENTIAL EXPANSION OF

WELDED LAYERED SPHERICAL SHELLS
AND HEMISPHERICAL HEADS

The theoretical circumferéntial expansion of a spheri-
cal shell at a given pressure®;, is given by eq. (1). The ra-
tio of the actual circumferential expansion in a layered
spherical vessel measured at the hydrotest pressure e,
to the theoretical expansion at the same pressure Q. is
given by eq. (2):

~ 3P{1-v)uDy

(3 - 1) @
Q= ZTIZ (2)

Q. shall be between 0.5 and 1.0; see KF-827.

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(pn3 3
P} (pg + 20%) DDy 2D
Do - Dy

Ot =
203(05’ - D,3]

where

1.5D7P(1.0 - Q)
fe=— 35 —"35—
Do - Dj

(b) Radial layer stress component due to internal
pressure

3
or:iz—PD,% fDISDZ—D,Z—Dgl—l
D D - Dj b D
3 3
_fe DZ(D,+DO]—M—DOD,2
Dy - Dy 3
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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 sur-
faces 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-
most layer shall be a Type No. 1 butt weld, and the welds
in all other layers shall be Type No. 2 butt welds. Addi-
tional welding requirements to those in (a) are given in
Article 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 provided in the layered section or
both. Additional complete full circumferential layers may
be included for required reinforcement. Pad type reinfor-
cements 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 ac-
cordance with Article KD-7. Local Joadings imposed on
the outer wraps by the supports §hall be considered.

Figure KD-830.1
Acceptable Layered Shell Types

;

Dummy layer
(if used)

Inner’shell

{a).Concentric Wrapped

& 0

Layers Dummy layer

(if used)

(b) Shrink

Fit

128


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2021.pdf

ASME BPVC.VIIL.3-2021

Figure KD-830.2
Some Acceptable Solid-to-Layered Attachments

% %

3:1 taper min. 3:1 taper min.

[Note (1)] BN [Note (1)]

Weld Line (Category B)

i -

(a) For Layers Over 5/g in. (b) For Layers 5/g.in. (16 mm)
(16 mm) Thickness or Less jn Thickness
ty
/ Butt weld line
‘4

>y
e

—— tg —>

(c) For Layers 5/g in:\(16 mm) (d) For Layers of Any Thickness
or Less in Thickness

Legend:
ty = thickness of head at’joint ts = thickness of layered shell
t, = thickness of onejlayer Y = offset

GENERAL NOTES:

(a) Actual thickness shall be not less than theoretical head thickness.

(b) Ingllustration (c), Y shall be not larger than ¢, . In illustration (d), Y shall be not larger than Yts. In all cases # shall be not less than 3
timés Y. The shell centerline may be on both sides of the head centerline by a maximum of %,(ts - t5). 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

(a) (b) (c)

@ (e)

GENERAL*NOTES:

(a) ty = thickness of layered shell

(b) t = thickness of flat head

(c) For all other dimensions, see Figure KD-1112.
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Legend:

Figure KD-830.4
Some Acceptable Flanges for Layered Shells

; n
i . S Retainingi 3 §
| ring !

| Ot
I

- 'vWeId Iineﬁ‘/Zr B

3:1 taper min.

bl e I | %

(b) (c) (d)

3:1 taper min.

[\Weld line

3:1 taper min.

ts = thickness of layered shell

(21
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(21)

Figure KD-830.5
Some Acceptable Welded Joints of Layered-to-Layered and Layered-to-Solid Sections

Insert Buttered weld (if necessary)

Dummy layer Backing strip Tack weld

=
V=

Backing strip : -Tack weld Backing strip : “-Tack weld

[Note (1)] [Note (1)] [Note (1)] [Note (1)]
(d) (e)

N~—T TN
L
”,

=

Van

AT

(f) Butt Girth Welds

NOTE:
(1) Shall be removed after welding,
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Figure KD-830.6

Some Acceptable Nozzle Attachments in Layered Shell Sections

3:1 taper min.

PR S

(c)

Legend:
ri min. = Yt, or ¥, in. (19 mm), whichever is less
ro = Y, in. (6 mm) minimum

rz min. = r; minimum
= nominal thickness of nozzle wall\less corrosion allowance
thickness of layered shell, in.

o~
3
I

ts

-t

r
rs r |
B gy s
ts —? n |
R
! ¢ .
(b)

(d)
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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 7 (if necessary)
weld plus fillet

weld on one or
both sides. See

- Support to vessel

[Note (1)1. 1.D. attachment weld:
full-penetration
1.D. weld plus fillet
—

Support lug weld on one-or
or ring both sidés«See
[Noted1)].

Hemi-head

Thicken outer wrap \/ \ Support lug

(if necessary)

or ring

(a) (b)

-

\—Support to vessel ¥

attachment weld: I

full-penetration weld I

plus fillet weld on |

one or both sides. See Il

[Note (1)]. 1
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 sur-
rounding 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-1,
KD-2, and Mandatory Appendix 9.

The calculation of the prestressing of the cylinder shall
be based on a winding procedure that specifi€s the wire
force that has to be used for each winding\layer at the ap-
plication (see KF-913). The calculation‘shall give the de-
crease of the inner diameter of the cylinder and the
residual stresses at all points of‘the vessel 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 thé frame and at the different layers of the
winding.

The cdlculated decrease of the inner diameter and the
reference'length of the frame shall be determined in inter-
vals ‘and shall be used for comparison with the results
frem 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 section wound edge-to-edge. For

It is assumed that the winding operation is\performed
with the stress S, (x) in the wire and that-this stress is
a function of the diameter coordinate x (see Figure
KD-911). When the winding layerslare applied between
x =D;rand x = D,,, then the following tangential stresses
0.(x1), radial stresses o ,(x1),aid diametral deformation
6 are introduced at the diammeter x; of the inner cylinders:

o) = - :1 ) [15_11]2 fzv; [XZ%D[Z Sw(x)]dx
o) = - :1 _ [13_11}2 lev; [XZ )_<D12 SW[X]]dx

5= - @fDW[ s Sw(x)jdx
E D,‘f X~ - D]

where

D; = inside diameter, in. (mm)

D;r = 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 wind-
ing, in. (mm)

E = modulus of elasticity, ksi (MPa)
x4, = any diameter of the cylinder, in. (mm)
X, = any diameter of the winding, in. (mm)

The corresponding stresses introduced in the winding
area at the diameter x,( < D,,) of the winding are:

ol -s)- |12 |17
1l

The equations given above are valid as long as

X
xz—DI2

Sw(x)]dx

X
x2—D12

) sw(x)]dx

other wire chnppc, appropriate corrections shall be made
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Figure KD-900
Wire-Wound Vessel and Frame Construction
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GENERAL NOTE: Not to scale.
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Figure KD-911
Nomenclature for Wire-Wound Cylinders

¢

Y x

X2 g
e X ]

Inner cylinder(s)
Winding

Y

Dj
Dy

(b) the maximum gap between the wires in‘thie longitu-
dinal direction of the vessel is less than 5% of the wire
width, 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 permittéd-only in compression during
the wire-winding process.

(2) Yielding is not'permitted at any value of operat-
ing 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, includ-
ingthe 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 in
KD-911.

(5) Deformation of the inner cylinder(s) [liner(s)]
shall be calculated using the requirements in 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 Mandatory Appendix 9.

KD-920 STRESS LIMITS
KD-921 DIAMETER RATIO OF VESSEL WALL

When 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'dther 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
of each individual, wire at any point in the winding shall
not exceed Sj.

(b) For-welded wire joints (see KF-912), the corre-
spondihg)average equivalent stress shall not exceed
two-thirds of S, where S, is the yield strength of the un-
welded 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 pres-
sure 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 cor-
responding to 105% of the pressure to be applied at the
hydrostatic test (see Article KT-3). This requirement shall
be checked by calculation and documented in the Manu-
facturer’s Data Report.

KD-930 FATIGUE EVALUATION
KD-931 GENERAL

(a) A calculation to determine the number of design cy-
cles 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 accor-
dance with the rules stated in KD-933. The wire fatigue

curves shall be derived in accordance with KD-932

(21)
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For environmental conditions not covered by the de-
rived 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 fol-
lowing 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 en-
tire 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 inner
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 in Section
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 components that are as-
sumed to remain intact shall meet the requirements given
in Table KM-234.2(a).

Some plastic deformation is permitted in 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 con-
tains 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 distancesbetween fatigue
cracks in the wire is 6,500 ft (2 000 mJ*The design fatigue
curve for wire shall be derived«n the way stated in
KD-932.1 through KD-932.3 (seéFigure 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
at least 30 times the maximum cross sectional dimension,
taken from wite coils delivered from the same manufac-
turer andproduced from the same material quality and
by thersanie manufacturing method as the wire to be used
in the,veéssel or frame.

(b) Select a mean stress which will avoid buckling the
test specimen. Make all tests at this mean stress for all
stress amplitudes used.

(c) Make the tests at no less than four 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 not occur. Note the number

(d) Plot the points of corresponding S and N on a semi-
log graph and draw a best-fit curve Sy = f(log N/) based on
these points.

(e) Transform this curve to a wire fatigue curve

Sp=

5 f(long) valid at mean stress = 0 using the equation

St= Sf+ KsBoum

where o ,,, is the associated mean stress used in the tést
(see KD-312.3). The value of 8 shall be 0.2 unless experi-
mental evidence justifies another value. K, is cdl¢ulated
according to eq. KD-932.3(1).

KD-932.2 Design Fatigue Curve. The désign fatigue
curve S, = f(log Np) shall be derived.from the wire fati-
gue curve as stated in (a) through-(c).

(a) Divide the Sl'r values of the wire fatigue curve by a

factor K, the value of which‘shall be determined as stated
in eq. KD-932.3(1), and plot‘the curve:

S(’] = 5}/ Ks :fZ (log ND)

(b) Divide the-N values of the wire fatigue curve by a
factor Ky, the/value of which shall be determined as sta-
ted in eq) KD-932.3(2), and plot the curve:

So=f [1og (Vg KNH = f; (log Np)

(c) The design fatigue curve, S, = f(log Np), is the low-
er of the two values S or S; for all values of N in (a) and

(b).

KD-932.3 Factors Ks and K. The values of the fac-
tors K5 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:

Ks = Ks1 Kss (€3]

where K, is the factor for the effect of stressed length
and K is the factor for the effect of statistical variation
(scatter) in fatigue strength:

Ks = (Lw/ LT)l/ 30 2
where Ly is the accepted average distance between wire
cracks at N = Np and a crack probability of 10% (see
KD-932) and L 7 is the length of the wire pieces at the fa-
tigue tests (see KD-932.1). Assuming a case where Ly,
equals 6,500 ft (2 000 m) and Lt equals 8 in.
(200 mm), the equation gives Kg; = 1.35.

Kgg=1/(1 - 1.304s) (3)

where Ac is the average value of the relative standard

of cycles to complete fatigue rupture N
4 g (=] T 7
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Figure KD-932
Derivation of Design Fatigue Curve From Wire Fatigue Curve

St = f;(log Ny

S’; = f (log Np)

§”, = 3 (log Np)

Wire fatigue
curve

Design fatigue
curve

S, =\f (log Np)
3 4 5 6 7 log N
deviation of the fatigue’strength from each stress ampli-
tude level, expressed as a decimal and derived from the Ky = (1(5)4‘3 @)

wire fatigue tést)data.
In the calculation of K, the scatter in fatigue strength
is assumedito have a standard Gaussian distribution.
The 'value of 1.30 in the equation corresponds to a
probability of 10% for a fatigue crack to occur (see
KD-932).

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 de-
scribed 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 con-
structed of materials with actual ultimate tensile strength
exceeding 137 ksi (945 MPa)[see KM-230(a) and
KM-243] and hydrogen partial pressure exceeding
750 psi (5.2 MPa).

(2) Vessels of welded construction operating at tem-
peratures less than 200°F (95°C).

(-a) Vessels of welded construction with hydrogen
partial pressure exceeding 2,500 psi (17 MPa).

(-b) Vessels of welded construction in/hydrogen
service of materials with actual ultimate tensilestrength
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 @re nonmandatory for
vessels operating above 200°F (95°C). However, if vessels
are exposed to hydrogen at a temperature warmer than
200°F (95°C) and subsequently exposed to service tem-
peratures colder than 200°F (95°C), not including startup
and shutdown, the/rules of this Article should be consid-
ered. 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-40031M 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) that are included ifi Figure 1 of API
RP 941, the maximum design température shall be on
or below the applicable curve inFigure 1 of API RP 941
for operating limits in hydrogefi setvice.

The applicable curve inwFigure 1 of API RP 941 at
13,000 psi hydrogen partial pressure may be used for hy-
drogen partial pressures{above 13,000 psi (90 MPa), up
to and including 15,000 psi (100 MPa). For pressures
above 15,000 psi\(1100 MPa), the temperature shall not ex-
ceed 150°F (652€).

(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 tem-
perature shall not exceed the temperature specified in
Table KM-400-4 (Table KM-400-4M).

(d) For all other materials, the maximum design tem-
perature 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 Kjyax + 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-ml/z)

major axis of the crack, crack length, in. (mm)
the test specimen has a fracture plane whose nor-
mal 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 direction of a plate, or in
the circumferential direction of a tubular product
section thickness, in. (mm)

the test specimen has a fracture plane whose nor-
mal is in the transverse direction of a plate, or in
the circumferential direction of a tubular product,

TL
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in the direction of the maximum grain flow, or lon-
gitudinal direction of the plate, or in the longitudi-
nal 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 re-
quirements of this Division after reviewing the require-
ments 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 hydro-
gen environment, the vessel life shall be evaluated to pre-
vent 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_ap-
plied at the crack tip under design loading (Ki': baak +
K, res) remains less than the threshold valwe 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 withArticle KD-4, ex-
cept the crack growth rate factors in.Table KD-430 (Table
KD-430M) shall be replaced with factors determined in
accordance with the rules in KD-1023. The crack growth
rate is assumed to be zerowlien Ki*max + K res < 0. De-
termination of the threshold value for hydrogen-assisted
cracking, Ky, and hydrogen fatigue crack growth rate,
da/dN, is not reqaired when Kl*:max + Kjres 0.

Vessels constructed of aluminum alloys shall meet the
requirements of this Article, except that the environmen-
tal effect\of hydrogen on fatigue and fracture properties,
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-1021 PLANE-STRAIN FRACTURE
TOUGHNESS, K, ¢

(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 alu-
minum alloys listed in Table KM-400-4 (Table
KM-400-4M)., notch tensile tests may be used accofding
to KM-270. A value of 23 ksi-in.” (25 MPa-m.”) &fall be
used as K. for fracture mechanics evaluation.

KD-1022 QUALIFICATION TESTS FOR
THRESHOLD STRESS INTENSITY
FACTOR FOR HYDROGEN-ASSISTED
CRACKING, K,

(a) The purpose of this test(is to qualify the construc-
tion material by testing three heats of the material. The
threshold stress intensity factors for hydrogen-assisted
cracking, K;y, shall be ebtained from the thickest section
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 follow-
ing lo¢ations: the base metal, the weld metal, and the
heat!affected zone (HAZ) of welded joints, welded with
the) same qualified welding procedure specification
(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 specimens may
be used. The values of K;4 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.

(b) The values obtained in (a) above may be used for
other vessels manufactured from the same material spec-
ification/grade or similar specification/grade having the
same nominal chemical composition and same heat treat-
ment condition, providing its tensile and yield strengths
do not exceed the values of the material used in the qua-
lification tests by more than 5%. The welded joints shall
meet the requirements of the welding procedure specifi-
cation (WPS) used for qualifying the construction
material.

KD-1023 FATIGUE-CRACK-GROWTH RATE,
da/dN

(a) The purpose of this test is to qualify the construc-
tion 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

KD-1022 and KD-1023
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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 me-
tal and HAZ) shall include data for each qualified welding
procedure used in the vessel construction. The test speci-
mens shall be in the TL direction. If TL specimens cannot
be obtained from the weld metal and the HAZ, then LT
specimens may be used. The upper bound data shall be
used in the analysis.

(b) The data obtained in (a) may be used for other ves-
sels manufactured from the same material specification/
grade or similar specification/grade having the same
nominal chemical composition and heat treatment condi-
tion, providing its tensile and yield strengths do not ex-
ceed the values of the material used in the qualification
tests by more than 5%. 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) The fatigue-precracked specimen shall be loaded by
a constant load or constant displacement method to a
stress-intensity K;5pp, to be defined by the User based
on fracture mechanics calculations. The specimen shall
be kept in the loaded condition for a specified time(in
pressurized hydrogen gas at room temperature. After
the test period, the specimen shall be examinedto.assess
whether subcritical cracking occurred from the initial fa-
tigue 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 respect,te“the hydrogen assisted
cracking (HAC) resistance requirement.

(1) If the test was condircted using the constant load
method, the value of Kjapp is designated as K.

(2) If the test was'conducted using the constant dis-
placement method, K, is equal to 50% K;spp-

(d) If the subcritical crack growth exhibited by the test
specimen_i§ greater than or equal to 0.01 in. (0.25 mm),
then the.ptocedure specified in ASTM E1681, paras.
9.2.1.and 9.2.2 shall be used in establishing the K,y value.

KD-1042 TERMINOLOGY

HAC
Kiapp

Hydrogen Assisted Cracking.
Initial applied Elastic Stress-Intensity factor,
ksi-in.” (MPa-ml/Z).

KD-1043 SPECIMEN CONFIGURATIONS AND
NUMBERS OF TESTS

(a) A specimen geometry described in ASTM E1681,
shall be used. The specimen thickness shall not be less
than 85% of the design thickness of the vessel material
that is being qualified. Specimens with smaller than
85% of the design thickness may be used provided the
specimen validity check of ASTM E1681, para. 9.3 is
satisfied.

(b) The specimen orientation shall be TL 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 approxi-
mately normal to the surface of the material and in such a
manner that the precrack shalldnc¢lude as much heat-
affected zone material as possible in the resulting
fracture.

(c) A set of three K;; measurements shall be made per
test.

(d) Three transverse tensile specimens shall be taken
adjacent to the cempact specimens and shall be tested
at room temperature in accordance with SA-370. The
measured average value of yield strength shall be used
in the specimen constraint validity check specified in
KD-1045(d).

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) The specimens may be loaded 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;,pp determined from the fracture
analysis. The value of K;5pp shall not be less than the val-
ue K;y 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;,pp that is at least
1.5 times greater than the estimated K;y but less than
180 ksi-in.” (198 MPa-ml/‘). For ferritic steels, the follow-
ing table may be used to set K;spp.

Values of K,,pp 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.”s (159 to 198 MPa-m*)
85 to 145 ksi-in.” (93 to 159 MPa-m?*)
65 to 105 ksi-in.” (71 to 115 MPa-m*)

142


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2021.pdf

ASME BPVC.VIIL3-2021

(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
is not observed [see KD-1047(b)], then K,y is equal to
50% of K]App.

(2) In establishing K ;5 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.

(d) All specimens shall meet the constraint validity re-
quirements in para. 9.3 of ASTM E1681.

KD-1046 TEST PROCEDURE

(a) Place the test specimens in a high-pressure test
chamber.

(b) 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.

(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 ter-
mination of the test. The gas shall have the following lim-
its on impurities: O, < 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 (TFable
KM-400-1M)] and for the martensitic stainléss Steels
[see Table KM-400-2 (Table KM-400-2M)], the teést speci-
mens shall be subjected to a constant load or constant dis-
placement at least for 1,000 hr duripg-the test at room
temperature. For austenitic stainless steels, the test dura-
tion shall be at least 5,000 hr.

(f) Oxides on the precrack surface can inhibit hydrogen
uptake into the material during testing. The effect of oxi-
des can be circumvented by applying K;,pp in the hydro-
gen 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
inert atmosphere containing <5ppm 0, and <50 ppm
H,O0. Aftertplacing the bolt-loaded compact specimens in-
side the-test chamber, the test chamber need not be kept
in thé glove box during the specified exposure period.

KD-1047 CRACK GROWTH EXAMINATION

(a) After the specified test period, unload the specimen,
and mark the HAC advance using one of the following
methods:

(1) Heat tinting the specimen at about 570°F (300°C)
for 30 min.

(2) Fatigue cycling at maximum stress-intensity fac-
tor not exceeding 0.6 K;5pp. Advance the crack by at least

1 mm

(b) Measure the crack growth using a 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 constant load method, the material’s K; valuejs
equal to the K;ppp.

(2) If the average measured crack growth does not
exceed 0.01 in. (0.25 mm), and the test is condagted using
the constant displacement method, K is equal to 50% of
Kiapp.

(c) Assess extent of subcritical erack extension and
evaluate Ky according to ASTM.E1681, paras. 9.2.1 and
9.2.2 and KD-1045.

KD-1048 VESSEL MATERIAL QUALIFICATION

(a) The K,y value eStablished for the material shall be
qualified for maximum tensile strength equal to the aver-
age of the three tensile strength values obtained in
KD-1043(d).

(b) If the constraint validity requirement of
KD-1045(d)is not met, then the material is suitable up
to the design thickness of the vessel wall. [See
KD>1043(a)].

KD-1049 REPORT

The information described in ASTM E1681, paragraph
10, shall be reported. The report shall indicate if the valid-
ity criteria are met or not and shall include scanning elec-
tron microscope micrographs in KD-1047(b). The report
shall be kept on file permanently as a record that the ves-
sel material has been tested and found acceptable.

KD-1050 FATIGUE CRACK GROWTH RATE
TESTS

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 gas-
eous hydrogen at design pressure.

KD-1052 FATIGUE CRACK GROWTH RATE
TESTING

Testing shall be conducted in accordance with all appli-
cable rules of ASTM E647 at room temperature in hydro-
gen 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

KD-1051
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and shall be normal to the surface of the material. In the
heat-affected zone tests, the notch shall be machined ap-
proximately 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.

(b) Three da /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 ter-
mination of the test. The gas shall have the following lim-
its on impurities: O, < 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 ex-
ceed 0.1 Hz.

KD-1056 R-RATIO
The R-ratio defined as Ky,in/Kmax shall not'be less
than that used in the vessel design.

KD-1057 da/dN DATA

The data in the form of da/dN ={¢(AK)™ shall be ob-
tained for the full range of AK of intérest used in the frac-
ture analysis.

KD-1058 DATA REPORT

Data report shall be prepared in accordance with Sec-
tion 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 de-
sign 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 spe-
cifically delineated.

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 re-
quirement 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 described 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, con-
necting a transition to a cylinder shall be considered as
meeting this requirement 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 butt joint 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-1112 to

permit Type No 1 butt welds

(c) The mechanical properties of the forged lip ‘that is
to be welded to the shell shall be subject to the,same re-
quirements as the shell. Proof of this shall be furnished by
a tension test specimen (subsize, if neeéssary) taken in
this direction and as close to the hub ass practical.*

(d) The height of the hub shall\be the greater of 1.5
times the thickness of the préssure part to which it is
welded or %, in. (19 mm), butheed not be greater than
2 in. (50 mm).

KD-1113 CORNER WELDS

Corner welds consisting of full-penetration groove
welds and/orfillet welds are not permitted for the attach-
ment of 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 (Articles KD-2,
KD-3, and KD-4) or experimental analysis (Article KD-12)
indicate otherwise, a tapered transition as shown in
Figure KD-1121 shall be provided between sections that
differ in thickness by more than one-fourth of the thick-
ness of the thinner section or by more than g 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 ad-
ditional weld metal buildup shall meet the weld fabrica-
tion requirements of this Division and Section IX.

(c) The butt weld may be partly or entirely in the ta-
pered section as indicated in Figure KD-1121. Unless
the results of the static and cyclic analyses (Articles
KD-2, KD-3, and KD-4) or experimental analysis (Article
KD-12) indicate otherwise, the following additional re-
quirements shall also apply:

(1) the length of taper shall be not less than three

times the offset between nd}'arnnr 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--_
P N

Tension test
L~ specimen

Thickness of
flat head

(a)

Y

GENERAL NOTES:

Thickness of
flat head

(b)

Thickness of
flat head

(c)

(@) 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 in-
tended for butt-welded attachment, the skirt shall be long
enough so that the required length of taper does not ex-
tend beyond the tangent line

(3) an ellipsoidal or hemispherical head that\las a
greater thickness than a cylinder of the same jnside dia-
meter may be machined to the outside diameter of the
cylinder provided the remaining thickness.is at least as
great as that required for a shell of the same diameter

KD-1122 NOZZLE NECK TO PIPING JOINTS

In the case of nozzle necks that@ttach to piping of a les-
ser wall thickness, a tapered-transition from the weld end
of the nozzle may be proyvided to match the piping thick-
ness although the thickness is less than otherwise re-
quired by the rules-of this Division. This tapered
transition shall meet the limitations shown in Figure
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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Figure KD-1121
Joints Between Formed Heads and Shells

—_— y
T Taper either
inside or ouside
L =3y

/

1/4 in. (6 mm)
1/4in. (6 mm) min. radius
min. radius
Weld
(a)
Butt Welding of Sectionsof Unequal Thickness
th ~ <
£ £
3 AN g
@ @
— : :
s ~— 1/, i62(6 mm) E ) ) 7 ':"'\1/4 in. (6dmm) I'E
=3 : - =3 i min. radius
i y min. radius Tangent line y |
<1/, (ts — tp)
$1/2(t3* th) ‘ 2 \s h

Ty<_
<—ts
| —] <—ts

Joints Between Formed Heads and Shells

GENERAL NOTES:
(a) Length of required taper, ¢, may include the width of the weld.

(b) Inall cases £ shall not be 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

1/4in. (6 mm) min. radius

1/4in. (6 mm) min. radius

1/4 in. (6 mm) min. radius

1/4in. (6 mm) min. radius

18.5 deg max.

30 deg max. 14 deg min.
18.5 deg max. T L C
30 deg max. 14 deg min. tn t AN 2% See
th o [Note (1)] m /1 Note (2)
[Note (1)] T S — A f J_ B
/
trn / See 30 deg max t{ INote (3)]
/  Note (2) )
Y v 18.5 deg.max.
ffffff 14-deg min.

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.n = required thickness of seamless nozzle wall

(b)Minimum wall thickness of connecting pipe

1/4 in\(6 mm) min. radius

(b)
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Figure KD-1130
Some Acceptable Welded Nozzle Attachments

30 deg min.
tn ~{ ty T 1/ in. (13 mm) min. —
\ . ry
1 ; D,  45deg max. Dy 1 7
* ra \ 30 deg max. | af1
g
/\)\ { /Y t S]]
te no L 7, )
C tmin 2 Vg4t <02t
(a) 1'/ztmip. but aq +ay < 18.5 deg
(b) (@
Dy
A th —>- -
t”_>| : :l r_t” 3/4in. (19 mm) R min. ‘ 5
H
Il 45 deg max, . i i~ |
(gt K¢ b
18.5 deg max. 30.deg Max. o
Max L / N _
= 0.2t —\ — PN ¥ d
LA Ty t ?
Backing strip ‘
30 deg <_I_ Section A-A if used shall be ty T |
A : .
max. Sections perpendicular removed N |

and parallel to the
cylindrical vessel axis

(c-1)

Legend:
Dy = diameter of opening in shell or head
ry = sl/4t, 1/41.“,,, 1/4DH, or 3/4 in. (19 mm), whichever is less
r, =\2¥, in. (6 mm)
t # nominal thickness of shell or head
t;, = nominal thickness of nozzle

3/, in. (19 mm) R min.\

I
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Figure KD-1131
An Acceptable Full-Penetration Welded Nozzle Attachment Not Readily Radiographable

Backing strip
if used shall 1 *‘
be removed

-—
T
t Dy

c

Legend:

Dy = diameter of opening in part penetrated
r; max. = 1/4t, 1/415,,, 1/4DH, or 3/4 in. (19 mm), whichever is less
ro = Y, in. (6 mm) min.
t = thickness of part penetrated
t. min. = 0.7t, or Y, 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 de-
sign values are unavailable shall be substantiated by ex-
perimental 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 ma-
terial added to the thickness of members, such as ¢orro-
sion allowance or other material that canhot be
considered as contributing to the strength of-the part.

KD-1204 INSPECTION AND REPORTS

Tests conducted in accordance with this Article need
not be witnessed by the Inspector.'However, a detailed re-
port of the test procedure and: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 cyclicJoading. For determining governing stresses and
the ¢ollapse pressure, a single test is normally adequate.

KD-1211 TESTS FOR DETERMINATION OF
GOVERNING STRESSES

Permissible types of tests for the determination of gov-
erning stresses are strain measurement tests and photo-
elastic tests. Brittle coating tests may be used only for
the purpose described in KD-1241. Results of displace-
ment measurement tests and tests to destruction are

not nr‘rnpfnh]n for gnvnrning stress determination

KD-1212 TESTS FOR DETERMINATION OF
COLLAPSE PRESSURE CP

Strain measurement tests may be used forithe determi-
nation of the collapse pressure CP. Distortion measure-
ment tests may be used for the determination of the CP
if it can be clearly shown that the-test setup and the in-
strumentation used will give valid results for the config-
uration on which the measuréments are made. Brittle
coating tests and tests.todéstruction shall not be used
to determine the CP.

KD-1213 FATIGUE TESTS

Fatigue.tests may be used to evaluate the adequacy of a
part forcyelic 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 beha-
vior at that gage location. A similar number and orienta-
tion of gages at each gage location are required to be
used in tests beyond the elastic range of material beha-
vior. The strain gages and cements that are used shall
be shown to be reliable for use on the material surface fin-
ish 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
the gage length requirements of KD-1221. The model ma-
terial 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
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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 tech-
niques 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, suf-
ficient locations on the vessel shall be investigated to en-
sure 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 have
any reasonable probability of indicating a minimum CP
are adequately covered. It is noted, however, that the in-
tent of the measurements is to record motion in the vessel
due to primary loading effects. Care shall be taken to
avoid making measurements at areas of concentrated
stress due to secondary or peaking effects. If strain gages
are used to determine the CP, particular care should be
given to ensuring that strains (either membrané/bénding,
or a combination) are being measured whichhare 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 dimen-
sions or deflections that is measured, such as diameter or
length extension, or beam or plate deflections that are in-
dicative of the tendency of the structure to reach the CP.

KD-1242 REQUIREMENTS FOR PRESSURE GAGES
AND TRANSDUCERS

Pressure gages and transducers shall meet the require-
ments of Atticle KT-4.

KD-1243 APPLICATION OF PRESSURE OR LOAD

(a) In tests for determining governing stresses, the in-
ternal 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 permis-
sible to unload and reload successively until the linear

(b) When frozen stress photoelastic techniques are
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 sufficiently small in-
crements so that an adequate number of data points for
each gage are available for statistical analysis in the linear
elastic range of behavior. All gages shall be evaluated
prior to increasing the load beyond this value. A least
square fit (regression) analysis shall be used to ©btain
the best-fit straight line and the confidence interyal shall
be compared to preset values for acceptange 6r rejection
of the strain gage or other instrumentation. Unacceptable
instrumentation shall be replaced and, the replacement
instrumentation tested in the same‘manner.

(d) After all instrumentation has.,been deemed accept-
able, the test shall be continued on a strain- or
displacement-controlled basis, with adequate time per-
mitted between load changes for all metal flow to be
completed.

KD-1250
KD-1251

INTERPRETATION OF RESULTS

INTERPRETATION TO BE ON ELASTIC
BASIS

The experimental results obtained shall be interpreted
on an elastic basis to determine the stresses correspond-
ing to the design loads; that is, in the evaluation of stress-
es from strain gage data, the calculations shall be
performed under the assumption that the material is elas-
tic. The elastic constants used in the evaluation of experi-
mental 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 pri-
mary, secondary, and local stresses so that each
combination of categories can be controlled by the appli-
cable stress limit.

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 principal
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 ac-

prnpnrrinnnlify has been established
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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 accordance with
KD-1254. Careful attention shall be given to assuring that
proper consideration is given to the actual as-built dimen-
sions of the test model when correlating the CP of the test
model to that expected for the actual structure being
designed.

KD-1254 DETERMINATION OF MAXIMUM
DESIGN PRESSURE AT ROOM
TEMPERATURE

The maximum design pressure P when based on the CP
testing as described in this paragraph shall be computed
by one of the following equations using the actual materi-
al yield strength.

(a) If the actual measured yield strength is-détermined
only by the testing required by the material speécification,

S
- 08 pl
1732 | Sy
where
S, = specified minimum yield strength at room tem-
perature, ksi (MPa)
Syms = actual yield'Strength based on the testing re-

quired by the material specification, ksi (MPa),
but notless than S,

(b) Ifthe*actual yield strength is determined in accor-
dance with the additional testing prescribed below,

S,
p=—1 cp|_¥
1732 | Syeer
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 tested
shall be determined in accordance with ASME SA-370
with the following additional requirements:

(1) Yield strength so determined (S, 4..) shall be the
average of at least three specimens cut from the part
tested after the test is completed. The specimens shall
be cut from a location where the stress during 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 samé€)piece of
wrought material is available and has bgen given the
same heat treatment as the pressure part-the test speci-
mens may be cut from this excess/stock. The specimen
shall not be removed by flame cutting or any other meth-
od involving sufficient heat to.affect the properties of the
specimen.

KD-1260 EXPERIMENTAL DETERMINATION
OF ALLOWABLE NUMBER OF
OPERATING CYCLES

Experinrental methods may be used to determine the
allowable number of operating cycles of components
andvessels as an alternative to the requirements of
Atticle KD-3. This approach shall only be used for vessels
or components that have been shown to demonstrate a
leak-before-burst mode of failure.

KD-1261 TEST DESCRIPTION

When a fatigue test is used to demonstrate the ade-
quacy 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 suffi-
cient detail to show compliance with the requirements
stated herein.

KD-1262 TEST PROCEDURE

(a) The test component or portion thereof shall be con-
structed of material having the same composition and
subjected to the same mechanical working and heat treat-
ing so as to produce mechanical properties equivalent to
those of the material in the prototype component. Struc-
tural similitude shall be maintained, at least in those por-
tions whose ability to withstand 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 fail-
ure occurs. Failure is 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 Ny that the
component shall withstand, and the magnitude of the
loading Pt [see egs. (3)(1), (3)(2), and (f)(2)(3)] to be ap-
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by multiplying the design service cycles N by a specified
factor Kry, and the design service loads Pp by Krs. Val-
ues 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 cy-
cles Np on the abscissa of the S, versus N diagram, to in-
tersect the fatigue design curve S, of the appropriate
figure in Article KD-3, to an ordinate value of K times
Sap- Label this point A. K is a factor that accounts for
the effect of several test parameters [see (g)].

(2) Extend a horizontal 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 ac-
counts for the effect of several test parameters [see (g)].

(3) Connect points A and B. The segments AB em-
brace all the allowable combinations of K+5 and K¢y
[see (e) for accelerated testing]. Any point C on this seg-
ment may be chosen at the convenience of the tester. Re-
ferring to Figure KD-1260.1, the factors K75 and Ky are
defined by:

value of ordinate at point C

Krg = . .
value of ordinate at point D
_ value of abscissa at point C
TN Value of abscissa at pointD
Thus
Pr (test loading) = KrsPp (1)
N (test cycles) = KrnyNp (2)

(d) 1t should be noted that if the test'‘component is not
full size but a geometrically similar nodel, the value Py
would have to be adjusted by thefappropriate scale factor,
to be determined from structural similitude principles, if
the loading is other than pressure. The number of cycles
that the component shalll'withstand during this test with-
out failure must not.-be'less than N7, while subjected to a
cyclic test loading P#/which shall be adjusted, if required,
using model sifilitude principles if the component is not
full size.

(e) Accelerated fatigue testing (test cycles Np) may be
conducted if the design cycles Np are greater than 10*
and. the testing conditions are determined by the follow-
ing procedures, which are illustrated in Figure
KD-1260.2. In this figure, the points 4, B, and D corre-
spond to similar labeled points in Figure KD-1260.1.

(1) The minimum number of test cycles Nt i, shall
be:

2
N7 min = 10%yNp

Project a vertical line through N7 ,;, on the abscissa
of the S, versus N diagram such that it intersects and ex-
tends beyond the fatigue design curve.

(2) Construct a curve through the point A and inter-
sect the vertical projection of Ny i, [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 i, as A"

(3) Any point C on the segment A, A’, B determines
the allowable combinations of Krs and K7y. The faetors
Krs and Ky are obtained in the same manner as(in'(c).

(f) In certain instances, it may be desirable (ot possi-
ble) in performing the test to increase only~the loading
or number of cycles, but not both, in which event two spe-
cial cases of interest result from the above general case.

(1) Case 1 (factor applied to cyclés only). In this case,
KTS =1 and

value of-abstissa at point B

Ky =
IN ™ Valueof abscissa at pointD
The number of ‘t€st cycles that the component shall
withstand during\this test must, therefore, not be less
than

Np = KryNp

while'Suibjected to the cyclic design service loading, ad-
justed as required, if a model is used.

(2) Case 2 (factor applied to loading only). In this
case, Kry =1 and

value of ordinate at point A

7S =

value of ordinate at point D

The component must, therefore, withstand a number
of cycles at least equal to the number of design service cy-
cles, 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 per-
formed. They shall be determined as follows:

= greater of (K)*? or 2.6

= greater of KKK KK or 1.25

factor for the effect of size of the highly stressed
surface area on fatigue life

greater of (Ap/AT)%O or 1.0, where 4, is the size
of the highly stressed surface area of the proto-
type component and A 7 is the size of the highly
stressed surface area of the test component
factor for differences in design fatigue curves at
various temperatures

(SoN at T)(S,10" at 7 10
or 1.
(S,N at Tp)(S,10"at T.)

greater of
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Figure KD-1260.1
Construction of Testing Parameter Ratio Diagram

Design fatigue
/ curve

Value of S,

KsSaD

|
|
|
|
K,Np ‘
|
|
J

Number of Cycles, N

GENERAL NOTE: For Point C, Krs = Sqc/Sap and Kry = N¢/Np.
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Figure KD-1260.2
Construction of Testing Parameter Ratio Diagram for Accelerated Tests

Design fatigue
curve

Design-fatigue curve

Value of Sa

|
|
|
Nrmin =102 \[N, ’
|
|

NTmin NC ND
Number of Cycles, N

GENERAL NOTE: For Point C, Krs = Sac/Sap and Kry = N¢/Np.
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= 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) fac-
tors 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

KD-1270 DETERMINATION OF FATIGUE
STRENGTH REDUCTION FACTORS

(a) Experimental determination of fatigue strength re-
duction 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 propeytiés,
and heat treatment as the component.

(2) The stress level in the specimen shall besuch that
the linearized primary-plus-secondary equivalent stress
(P, + P, + Q) does not exceed the limit(rescribed in
Figure 9-200.1 so that failure does not’oceur in less than
1,000 cycles.

(3) The configuration, surface-finish, and stress state
of the specimen shall closely,simulate those expected in
the components. In particulary 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) It is recommended that the fatigue strength reduc-
tion factor be'determined by performing tests on notched
and unnotched specimens and calculated as the ratio of
the unnotched stress to the notched stress for failure.

(21)
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(21)

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 Ves-
sels (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 plastic layer are giv-
en in subsequent paragraphs. The loads resulting from
transportation, the regulatory requirements and all vibra-
tory, 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 cir-
cumferential loads due to internal pressure. Longitudinal
stresses in the metallic layer alone shall be used to resist
axial loads due to internal pressure, thermal expansion,
and all other longitudinal loads. The longitudinal strength,
perpendicular to the fiber winding directions, of thelami-
nate layer shall not be used in the design calculations
other than to ensure sufficient strength exists for the
transfer of applicable external loads to the'metallic layer.

(c) Plastic analysis in accordance with-KD-230 and the
additional requirements of this Diyvision shall be used to
analyze the CRPV. The composite>(over wrap) layer shall
be assumed to be linear elastievith nominal modulus and
minimum strength propertiésas specified in the Manufac-
turer's Laminate Procediire Specification (see Section X,
Mandatory Appendix. 10, 10-303).

(d) The design cycle calculations shall be done in accor-
dance with thé\fracture mechanics principles of Article
KD-4. In the-analysis of welded joints, the most unfavor-
able combination of misalignment, weld peaking, and
weld geometry shall be considered.

(é) In determining the stress distribution in the two
layers, the appropriate elastic modulus for each layer, at
the maximum operating temperature, shall be used. Ra-
dial 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 in-
compatibilities exist, the effect on the stress distribution

shall be considered Phnhgpc in the stress distribution

in the two layers as a result of temperature:changes
and differences in the coefficients of thermalexpansion
shall be considered.

(f) Residual stresses, in the form of @ precompression
in the metallic layer and a pretension in the laminate
layer, are generated during the fiydrostatic test. These
stresses shall be taken into accgunt in determining the re-
sidual and operating stress distributions.

(g) Any relaxation in _th€residual stress distribution
due to long-term creep(at operating temperature, or
short-term creep at'‘elevated temperatures, shall be con-
sidered and theimits shown in (h) shall be adjusted
accordingly.

(h) For véssels to be installed at a fixed location, the
maximum circumferential stress at any location in the la-
minate-ayer shall not exceed 36% of the tensile strength
ofthe glass fiber laminate and 40% of the carbon fiber la-
minate 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 ex-
ceed 36% of the tensile strength of the glass fiber lami-
nate and 40% of the carbon fiber laminate at the design
pressure as defined in the Manufacturer's Laminate Pro-
cedure Specification (see Section X, Mandatory Appendix
10, 10-309). For both fixed and transport service, the
maximum circumferential stress at any location in the la-
minate layer shall not exceed 67% of the tensile strength
of the laminate under the hydrostatic test load. The Man-
ufacturer’s Design Report shall document the basis for se-
lection of the specified pressure range for the hydrostatic
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 mini-
mum 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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(21

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 De-
sign Temperature of the laminate is defined as 35°F
(19°C) below the glass transition temperature, T, 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°Q).

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 applied oh the outer
surface of the laminate that provides a-ldad-bearing sur-
face, perpendicular to the CRPV surface-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 dyxamic loads.

KD-1315 LONGITUDINAL REINFORCEMENT

For the service conditions specified by the User’s De-
sign Specification, the designer shall consider the need
for longitudinal reinforcement of the laminate to prevent
laminate eracking 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 u-
nique to this Division. The uniqueness of this Division lies
in the credit that may be taken for favorable residual
stresses that are introduced during fabrication when
there is no welding and in permitting the Designer to uti-
lize the full capability of high strength materials as pri-
mary pressure-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 than the
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 inthe'vessel and ves-
sel 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 KE-2.gives supplemental requirements for
all welded wvessels in the Division. This includes those
made of volled and welded plate and those made of weld-
able forgings, such as ring forgings joined by circumferen-
tial welds and forgings for fully radiographable nozzles.
Matetials 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

autofretta gnd vessels

(f) Article KF-6 gives suppléniental requirements for
vessels made from either plate or forged materials whose
tensile properties have bgen enhanced by quenching and
tempering processes:

(g) Article KF-7Z gives supplemental requirements that
are specific to.materials which are used to fabricate ves-
sels 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
Division are based on yield strength and not limited by
tensile 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 cut-

th, the Manufacturer shall :\r‘r‘nr:\fn]y transfer one set
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of markings to a location where the markings will be visi-
ble on the completed vessel. Alternatively, a coded mark-
ing, 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, mate-
rial may be marked by any method acceptable to the In-
spector. The Inspector need not witness the transfer of
the marks, but shall be satisfied that this has been done
correctly.

(b) All parts 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 Ma-
terial Manufacturer and the Manufacturer shall mark the
required data on the material in a manner which will al-
low positive identification upon delivery. The markings
shall be recorded so that each piece of material will be po-
sitively 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 accor-
dance 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 origihal
markings as required by the applicable material,specifica-
tion are unavoidably cut out, or the materialis divided
into two or more parts, the Manufacturef)of’the shape
shall either:

(a) transfer the original identification/markings to an-
other location on the shape, or

(b) provide for identificationiby the use of a coded
marking traceable to the originial required marking, using
a marking method agreed upén and described in the Qual-
ity Control System of the Manufacturer of the completed
pressure vessel.

The mill certification of the physical and chemical re-
quirements of this material, in conjunction with the above
modified marking requirements, shall be considered suf-
ficient te.identify these 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,
identifying the location of each piece of material that is
traceable to the material test report or certificate of com-
pliance 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 ma-
terial specification in Section II, the User’s Design Specifi-
cation, 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 and for heads shall be
formed to the required shape by any process that will
not unduly impair the.mrechanical properties of the
material.

KF-121 MATERIAL PREPARATION

KF-121.1.\ Examination of Materials.

(a) Allmaterials to be used in constructing the pressure
vessel'shall be examined before forming or fabrication for
theypurpose of detecting, as far as possible, defects which
exceed the acceptable limits of Article KE-2. All edges cut
during 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
1Y%, in. (38 mm) shall be examined for discontinuities by
a magnetic particle or by a liquid penetrant method in ac-
cordance with KE-233. This examination is not required
for the cut edges of openings 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 discontinuities and laminar discontinuities
are treated differently for plates and forgings. See Article
KE-2 for acceptance criteria for each of these. Threaded
connections that seal against pressure shall not have
any discontinuities.

KF-121.2 Material Cutting. Plates, edges of heads,
and other parts may be cut to shape and size by mechan-
ical 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 ther-
mal cutting is used, the effect on mechanical properties
shall be taken into consideration. The edges to be welded

shall be uniform and smooth
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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 ¥, in. (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 ra-
diused (grinding permitted) on both inner and outer sur-
faces 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 deviations
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 the maximum and minimum
inside diameters at any cross section shall not exceed
1% of the nominal inside diameter at the cross section un-
der consideration. The diameters may be measured on
the inside or outside of the vessel. If measured on the out-
side, the diameters shall be corrected for the required
minimum material thickness at the cross section under
consideration (see Figure KF-131).

KF-132 SPHERICAL SHELLS AND FORMED
HEADS

(a) Deviations from the specified shape-of the inner
surface of spherical shells and formed Keads shall not
exceed +1Y,% and -%;% of the nominabinside diameter
of the vessel. Such deviations shall be ‘measured perpen-
dicular to the specified shape and shall not be abrupt.

Figure KF-131
Examples of Differences Between Maximum
and Minimum Diameters in Cylindrical Shells

GENERBLNOTE: D; max - Dimin < 0.01(D; nom)

(b) Deviation measurements shall be taken on the sur-
face 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 with-
in 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) The welding processes that shall be used for making
pressure-containing welds and applying weld metal over-
lay 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 at-
tachment welds is not permitted. Repair welding may
be permitted under the rules of Article KF-7Z

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 accor-
dance with KE-310. Defectsshall be repaired in accor-
dance with the rules of Rart KE.

KF-204 FINALWELD FINISH

The finished weld shall be ground or machined to blend
with the surfaces of the parts being joined. Both the blend
radii and the surface finish of the weld deposit shall be in-
spected 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
used in the fabrication of the vessel. Suitable identifica-

tion storage and handling of electrodes flux_and other
y y & y y

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 metal Surface within 3 in. (75 mm)
of the point of welding.is lower than 60°F (16°C).

No welding shall be"done when surfaces are wet or cov-
ered with ice, when Train or snow is falling on the surfaces
to be welded, or-during periods of high wind unless the
work is propérly protected.

KF-210 WELDING QUALIFICATIONS AND
RECORDS

KF-211 MANUFACTURER'S RESPONSIBILITY

Each Manufacturer is responsible for the welding car-
ried out by their organization. The Manufacturer shall es-
tablish and qualify welding procedures in accordance
with Section IX. The Manufacturer shall also be responsi-
ble for the additional requirements of this Division and
the qualification of welders and welding operators who
apply these procedures and requirements. See KG-420
for requirements for subcontracted 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 re-
sponsibility of the Manufacturer. Qualification of welding
procedure by one Manufacturer shall not qualify that pro-
cedure for use by any other Manufacturer, except as pro-
vided for in Section IX, QG-106. A performance
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.

KF-213 PRODUCTION WELDING PRIOR TO
QUALIFICATION

No production welding shall be carried out until after

the rnqnirnd mm]ding prnr‘ndnrnc have bheen r}11::]iFipd
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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 re-
quired 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 ad-
dition, 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 re-
straint on the weldment. It is the responsibility of the
Manufacturer to ensure that the procedure qualification
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 in ag-
cordance with Section IX and Article KT-2. Mechanical
testing is required for all performance qualification\tests;
qualification by NDE is not permitted. See Article,)KP-2 for
additional requirements on weld position testing, weld
impact testing, and test plate requirements.

(b) The qualification test for welding @perators of ma-
chine welding equipment shall be performed on a sepa-
rate test plate prior to the start'of welding or on the
first workpiece.

KF-216 MAINTENANCE OF QUALIFICATION AND
PRODUCTION RECORDS

The Manufacturer-shall maintain records of the welding
procedures anéthe welders and welding operators em-
ployed by him, showing the date and results of tests
and the (dentification mark assigned to each welder.
These records shall be maintained in accordance 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

penetration welds, such as fillet welds, that are not used
in combination with full-penetration welds as described
below are not permitted on pressure-retaining parts.

(a) Full-penetration welds are permitted for nozzle at-
tachments under the rules of KD-1130. They are de-
scribed in KF-222.

(b) Type No. 2 single-welded groove welds are per-
mitted under the rules of Article KF-8 when joining layers
other than the innermost shell on welded layer vessé€ls.
These welds are described in KF-223.

(c) Welds used for attaching heating and cooling“jack-
ets and support clips are permitted under the’rules of
Article KD-7 and KF-224. These welds are fullspenetration
groove welds as shown in Figure KD£700, and as de-
scribed in KF-222. In some cases theséwelds may be used
in combination with fillet welds.

Required weld examination shall'be done after all post-
weld heat treatment and in accerdance 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
welded” conditiont; without grinding or machining as re-
quired by KF-204, when the weld surface is inaccessible
or surface conditioning methods are impractical to apply,
provided)the following requirements are met:

(1)yThe weld shall have no concavity or reduction in
thickness.

(2) The fatigue analysis shall be done in accordance
with Article KD-4.

(3) For use in the fracture mechanics analysis of each
weld joint that is not ground or machined, a finite element
analysis shall be performed to obtain the through-
thickness stress distribution.

(4) The finite element analysis shall incorporate the
maximum weld misalignment and peaking, and the pro-
file of the maximum weld reinforcement permitted by
Section VIII, 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 pro-
duce the same quality of deposited weld metal on both in-
side and outside weld surfaces. Welds using backing
strips which remain in place do not qualify as Type No.
1 butt joints.

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

(r‘) below. For further discussion see KD-1110 Partial
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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 accor-
dance 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 cap-
able of producing a high quality of weld on the ID of the
nozzle. The suitability of the electrode and procedure, in-
cluding 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 conformance 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 equivalent to that
specified for the final product. Tension and bend speci-
mens, 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 Sec-
tion IX, QW-150 and QW-160. The radius of the mandrel
used in the guided bend test shall be as follows:

Specimen Radius of Radius of Die D.
Thickness Mandrel B [Note (1))
¥ in. (10 mm) 1% in. (32 mm)  1'Y4 in. (48 yhm)
1in. (25 mm) 10t/3 9t/2 + "he in. (1.5 mm)
NOTE:

(1) Corresponds to dimensions B and.D for P-No. 11 material
in Section IX, Figure QW-466.1%and other dimensions to
be in proportion.

KF-222:2 Weld Examination. In addition to the final
examination 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 butt joints are only permitted in layers sub-
sequent to the inner shell of welded layered vessels. De-
sign and fabrication rules are listed in Article KD-8 and
Article KF-8. See Article KF-8 for specific welding and

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 be}
fore the fillet weld is made. The fillet weld shall meet the
following requirements:

(a) The reduction in thickness of the adjoining surfaces
at the root of the fillet weld shall not be greater than
Y55 in. (0.8 mm) or cause the adjoining mafetial to be be-
low the design minimum required thickness at any point.

(b) The surface finish shall be inspected under the rules
of KF-204 and the surface shallsbe examined under the
rules of KE-334.

KF-225 LIQUID PENETRANT EXAMINATION

All austenitic chreniium-nickel alloy steel, austenitic-
ferritic duplex steel, and nickel alloy welds, both butt
and fillet, shall be’examined in accordance with the liquid
penetrant miethod (see KE-334). If heat treatment is re-
quired, the<examination shall be made following heat
treatment. All defects shall be repaired and the repair
dogumented in accordance with the provisions of
KF=240. The repaired area shall be reexamined by the li-
quid penetrant method.

KF-226 SURFACE WELD METAL BUILDUP

Construction in which deposits of weld metal are ap-
plied to the surface of base metal for the purpose of re-
storing 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
deposited.

(b) All weld metal buildup shall be examined over the
full surface of the deposit by either a magnetic particle
method or by a liquid penetrant method in accordance
with KE-334.

(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.

(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

weld examination requirements
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KF-231 PREPARATION OF REVERSE SIDE OF
DOUBLE-WELDED JOINTS

Before applying weld metal to the reverse side, the re-
verse 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 impurities. 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 dis-
tance of at least 2 in. (50 mm) from welding joint prepara-
tion. When weld metal is to be deposited over a
previously welded surface, all slag shall be removed to
prevent inclusion of impurities in the weld metal.

KF-233 ALIGNMENT DURING WELDING

(a) Bars, jacks, clamps, tack welds, or other appropriate
means may be used to maintain the alignment of the
edges to be welded. Tack welds, if used to maintain align-
ment, shall either be removed completely when they have
served their purpose, or their stopping and starting ends
shall be properly prepared by grinding or other suitable
means so that they may be satisfactorily incorporated
into the final weld. Tack welds shall be made by gualified
procedures and welders. Permanent tack welds shall be
examined by either magnetic particle or liquid penetrant
method. Acceptance criteria and repair shall’be in accor-
dance with KE-334.

(b) A single-welded joint (i.e., welds made from one
side only), as permitted by KF-220;1may be used provided
the Inspector is satisfied that proper fusion and penetra-
tion has been obtained. Whenyusing this type of weld, par-
ticular 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

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 to get the required penetration and
fusion.

KF-236 REMOVAL OF TEMPORARY
ATTACHMENTS AND ARC STRIKES

The areas from which temporary attachments have
been removed or areas of arc strikes shall be ground
smooth and examined by a magnetic particle or*by a li-
quid penetrant method in accordance with-KE-233. De-
fects 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 andwelders, and shall be
examined as outlined in KF-2286,

KF-237 PEENING

Controlled peening’may be performed to reduce distor-
tion. Peening shall\iet be used on the initial (root) layer of
weld metal, nor-on the final (face) layer unless the weld is
postweld héatitreated.

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), with marking procedures that meet
the requirements of KF-112 and KF-601, along the welds
which he makes in material Y/, in. (6 mm) and over in
thickness. Alternatively, a record shall be kept by the
Manufacturer of each joint welded by the welder or weld-
ing 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 op-
erator that welded each individual joint, provided

(1) the Manufacturer’s Quality Control System in-
cludes 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 opera-
tors were all properly qualified

(2) the welds in 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 op-
erators making tack welds that become part of the final
pressure weld is not required, provided the Manufac-
turer’s Quality Control System includes a procedure to
permit the Inspector to verify that such tack welds were

thicknesses see KD-1120
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Table KF-234
Maximum Allowable Offset in Welded Joints

Section Thickness

Direction of Joints in Cylindrical Shells

Up to and including %, in. (24 mm)

Greater than %, in. (24 mm), less than or equal to
1Y%, in. (38 mm)
Greater than 1% in. (38 mm)

Longitudinal Circumferential
Lesser of t/5 or ¥ in. t/5
(2.4 mm)
3,5 in. (2.4 mm) ¥16 in. (4.8 mm)
sy in. (2.4 mm) t/8 but not greater than

Y, in. (6 mm)

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 rewelded by qualified
welders using qualified welding procedures (see KF-210).

KF-243 EXAMINATION OF REPAIRED WELDS

Repaired welds shall be reexatined 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 satisfactofy,

KF-244 POSTWELD HEAT TREATMENT OF
REPAIRED WELDS

The postweld heat treating rules in Article KF-4 shall
apply to_all 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 com-
position 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 corrosion-
resistant integral or weld metal overlay cladding or lining.
The use of filler metal that will deposit weld metal with
practically the same composition as the material joined
is recommended. Weld metal of different compasition
may be used provided it has better mechanical properties
in the opinion of the Manufacturer, and the User is satis-
fied that its resistance to corrosion is satisfactory for the
intended service. The columbium content, of columbium-
stabilized austenitic stainless steel weld metal shall not
exceed 1.00% except when a highericontent is permitted
in the material being welded.

KF-303 400 SERIES ALLOY FILLER METALS

400 Series alloy fillérymetals 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 pro-
posed to be followed in clad, weld overlaid or lined con-
struction 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 accordance with the provisions of

KF-312 QUALIFICATION OF PROCEDURE-<FOR
ATTACHING LININGS

(a) Each welding procedure to be usedfor attaching lin-
ing material to the base material shall be-qualified on lin-
ing attachment welds made in the form and arrangement
to be used in construction and with materials that are
within the ranges of chemicalcomposition of the materi-
als to be used, respectively; for the base material, the lin-
ings, 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 _ffiont each position to be qualified shall be
sectioned, polished, and etched to show clearly the de-
marcation between the fusion zone and the base metal.

(c) Eor the procedure to qualify, the specimen shall
show,<uhder 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
Cladding or Weld Metal Overlay. The requirements in
Section IX, QW-217 for procedure qualification shall be
followed. The procedure for groove welds may be quali-
fied 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
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 Sec-
tion 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

Section IX) Q\/\l-717
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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 Yg in.
(3.2 mm). The total length of unfused cladding shall not
exceed 10% of the length of the test material perpendicu-
lar 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 deter-
mining thickness shall be the total thickness of base ma-
terial. When the thickness of the base material requires
postweld heat treatment, it shall be performed after the
application of weld metal overlay or clad resteration.

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 chromium-alloy stainléess 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 ap-alistenitic electrode or non-air-hardening
nickel-chromium-iron electrode need not be postweld
heat treatéd unless required by KF-331.

KF-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 givnn in KF-830 or I(F-"{An(h), as :\pp]ir‘nh]n

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-
resistant layer, is complete. The examination may be
made on the weld in the base material before the alloy
cover weld is deposited, provided the following require-
ments are met:

(a) the thickness of the base material at the welded
joint is not less than that required by,the design
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 detect eracks in accordance with
KE-233

KF-342 EXAMINATION OF CHROMIUM-ALLOY
CLADDING OVERLAY

The joints.between chromium-alloy cladding overlay or
loose liner-sheets shall be examined for cracks as speci-
fied in, KF;342.1 and KF-342.2.

KF-342.1 Straight Chromium-Alloy Filler Metal.

(a) Joints welded with straight chromium-alloy filler
metal shall be examined throughout their full length.
Chromium-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-chromium-
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.

KF-352 LEAK TEST OF PROTECTIVE LINING

A test 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 lnnd-rnrryihg hacnp]nhﬂ When
o}
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rapid corrosion of the base material is to be expected ~KF-360 STAMPING AND REPORTS
from contact with the contents of the vessel, particular
care should be taken in devising and executing the leak
test.

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 informa-
tion 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 additional 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 ac-
cordance with Section IX and the restrictions listed‘below.
Except for nonferrous materials and except as\otherwise
provided in Table KF-402.1 (Table KF-402.1M) for fer-
rous materials, all welded pressure vesSels or pressure
vessel parts shall be given a postweld heat treatment at
a temperature not less than that’specified in Table
KF-402.1 (Table KF-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 the tables of stress
values in Section*ll, Part D. When there is a conflict in
P-Number, ot 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 giv-
en in Table KF-402.1 (Table KF-402.1M) may be used
(see KT-112 for additional requirements for time at tem-
perature). A time-temperature recording of all postweld
heat treatments shall be provided for review by the In-
spector. The total holding time at temperature specified
in Table KF-402.1 (Table KF-402.1M) may be an accumu-

KF-402.2 Heat Treatment of Pressure Parts-When
Attached to Different P-Number Groups and-Nonpres-
sure Parts. When pressure parts of tweo different
P-Number groups are joined by welding, the postweld
heat treatment shall be that specified in’ Table KF-402.1
(Table KF-402.1M) with applicable\netes for the material
requiring the higher postweld<heat treatment tempera-
ture. When nonpressure parts are welded to pressure
parts, the postweld heattfeatment temperature of the
pressure part shall control.

KF-402.3 Definition of Nominal Thickness Govern-
ing 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 in-
cluding head-to-shell connections

(2) the thickness of the shell in connections to tube-
sheets, flat heads, covers, flanges, or similar constructions

(3) in Figures 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

(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

lation of time of mnlfipln pncfumld heat treat r‘yrlnc
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Table KF-402.1
Requirements for Postweld Heat Treatment of Pressure Parts and Attachments (U.S. Customary

Units)
Minimum Holding Time at Normal Temperature for Nominal Thickness (See
Nominal Holding KF-402.1)
Material Temperature, °F, min. Up to 2 in. Over 2 in. to 5 in. Over 5 in.
P-No. 1 [Note (1)], [Note (2)] 1,100 1 hr/in. (0.25 hr minimum) 2 hr plus 15 min for each 2 hr plus 15 min for each
additional inch over 2 in. additional inch over 2 in.
P-No. 3 [Note (3)], [Note (4)] 1,100 1 hr/in. (0.25 hr minimum) 2 hr plus 15 min for each 2 hr plus 15 min for edaeh
additional inch over 2 in. additional inch ‘over 2 in.
P-No. 4 1,200 1 hr/in. (1 hr minimum) 1 hr/in. 5 hr plus 15 nrin-for each
additional“inch over 5 in.
P-No. 5A [Note (3)], [Note (4)] 1,250 1 hr/in. (1 hr minimum) 1 hr/in. 5 hr pluas/15 min for each
additional inch over 5 in.
P-No. 5C [Note (3)], [Note (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 [Note (4)], [Note (6)] 1,100 1 hr minimum plus 15 min 1 hr minimum plus 15 min 1 hr minimum plus 15 min
for each additional inch for each additional inch for each additional inch
over 1 in. over 1 ‘in: over 1 in.

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 cenditions:
(a) for materials over 1, in. nominal thickness
(b) on material over % in. nominal thickness for pre§sure parts subject to direct firing
(2) For SA-841 plate materials, the holding temperature §hall not exceed 1,200°F.
(3) If during the holding 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.and tested.
(4) Postweld heat treatment is mandatory under’the’following conditions:
(a) for all materials over % in. nominal(hickness
(b) on materials of all thicknesses intended 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 treatmentis performed for P-No. 8 or P-No. 45 materials, the Manufacturer shall consider the steps necessary to
avoid embrittlement and the pre¢ipitation of deleterious phases. See Section 1], Part D, Nonmandatory Appendix A, A-207 through A-210.
(6) Consideration should be giyenyfor 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 (Sl Units)

Nominal Holding Minimum Holding Time at Normal Temperature for Nominal Thickness (See KF-402.1)

Material Temperature, °C, min. Up to 50 mm Over 50 mm to 125 mm Over 125 mm
P-No. 1 [Note (1)], [Note (2)] 595 1 h/25 mm (0.25 h minimum) 2 h plus 15 min for each 2 h plus 15 min for each
additional 25 mm over 50 additional 25 mm over 50
mm mm
P-No. 3 [Note (3)], [Note (4)] 595 1 h/25 mm (0.25 h minimum) 2 h plus 15 min for each 2 h plus 15 min for each
additional 25 mm over 50 additional 25 mm over 50
mm mm
P-No. 4 650 1 h/25 mm (1 h minimum) 1h/25 mm 5 h plus A5.min for each
additipnal 25 mm over
125 mm
P-No. 5A [Note (3)], [Note (4)] 675 1 h/25 mm (1 h minimum) 1h/25 mm 5'h plus 15 min for each
additional 25 mm over
125 mm
P-No. 5C [Note (3)], [Note (4)] 675 1 h/25 mm (1 h minimum) 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 [Note (4)], [Note (6)] 595 1 h minimum plus 15 min for . 1 h'minimum plus 15 min for 1 h minimum plus 15 min for
each additional 25 mm over each additional 25 mm each additional 25 mm
25 mm over 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 thé€ following conditions:
(a) for materials over 32 mm nominal thickness
(b) on material over 16 mm nominal thickness for pressure parts subject to direct firing
(2) For SA-841 plate materials, the holding ¥¢mperature shall not exceed 650°C.
(3) If during the holding period of postweld heat treatment, the maximum time or temperature of any vessel component exceeds the provi-
sions of KT-112, additional test coupons shall be made and tested.
(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 intended for pressure parts subject to direct firing
(5) Postweld heat treatmentis 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 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) Consideratiop~should be given for possible embrittlement of materials containing up to 0.15% vanadium when postweld heat treating at
minimum tempeératures.
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(f) For repairs, 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 ac-
cordance 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 ¢ is the nominal thickness as de-
fined in KF-402.3. For additional detailed recommenda-
tions regarding implementation and performance of
these procedures, refer to Welding Research Council
(WRC) Bulletin 452, June 2000, “Recommended Practices
for Local Heating of Welds in Pressure Vessels”.

KF-411.1 Heating Entire Vessel. Heating the vessel
as a whole in a closed furnace is preferred and should
be used whenever practical.

KF-411.2 Heating Vessel Portions. Heating the ves-
sel in more than one heat in a furnace is permitted, pro-
vided the overlap of the heated sections of the vessel is
atleast 5 ft (1.5 m). When this procedure is used, the per-
tion outside of the furnace shall be shielded so_that the
temperature gradient is not harmful (see(KF<412).
The cross section where the vessel projects from the fur-
nace shall not intersect 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 otlcomplicated welded details, be-
fore joining any sections to make the completed vessel.
Circumferential joints not previously postweld heat treat-
ed may be locally postweld heat treated by heating a cir-
cumferentialband that includes such joints.

(b) This procedure may also be used for local heat
treatniént of circumferential joints in pipe, tubing, or noz-
zle(nécks. In the latter case, proximity to the shell in-
creases thermal restraint, and the designer should
provide adequate length to permit heat treatment with-
out 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 less than
two times the shell thickness. The portion outside the

hnnfing device shall be prnfprrnd so that the temperature

gradient is not harmful. For such local heating, the soak
band shall extend around the full circumference. The por-
tion outside the soak band shall be protected so that the
temperature gradient is not harmful. This procedure
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 ade<
quate 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;héating so
the temperature requirements of KF-413 dre)met.

KF-411.5 Local Heating of Nozzles and External At-
tachments on Vessels.

(a) Heating a circumferential baid containing nozzles
or other welded attachmentsthat require postweld heat
treatment in such a manpér-that the entire band shall
be brought up uniformdy to the required temperature
(see KF-413) and held\for the specified time. Except as
modified in (b), the séak band shall extend around the
entire vessel, and. shall include the nozzle or welded at-
tachment. The portion of the vessel outside of the circum-
ferential seak band shall be protected so that the
temperdture gradient is not harmful.

(b)*This procedure may also be used for local heat
tréatment of circumferential joints in pipe, tubing, or noz-
zle necks. In the latter case, proximity to the shell in-
creases thermal restraint, and the designer should
provide adequate length to permit heat treatment with-
out 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 noz-
zle or attachment weld is heated to the required tempera-
ture and held for the required time. As an alternate to
varying the soak band width, the temperature within
the circumferential band away from the nozzle or attach-
ment may be varied and need not reach the required tem-
perature, provided the required soak band around the
nozzle or attachment weld is heated to the required tem-
perature, held for the required time, and the temperature
gradient is not harmful throughout the heating and cool-
ing cycle. The portion of the vessel outside of the circum-
ferential 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 dou-
ble curvature head or a spherical shell or head in such a

manner that the area is brought up uniformly to the re-
qnirnd temperature (cpn I(F'-A12) and held for the
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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, not addressed in KF-411.1
through KF-411.6 is permitted, provided that other mea-
sures (based upon sufficiently similar documented ex-
perience or evaluation) are taken that consider the
effect of thermal gradients, all significant structural dis-
continuities (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 gra-
dient is not harmful.

KF-412 HEAT TREATMENT THAT MAY AFFECT
VESSEL STRESS REDISTRIBUTION

The Manufacturer shall ensure, in accordance 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 shall meet the requirements for
heat treatment given in KF-830 or KF-540(b), as
applicable.

KF-413 HEATING AND COOLING RATES

Postweld heat treatment shall be carried outdby one of
the methods given in KF-411 in accordanege)with the fol-
lowing requirements:

(a) The temperature of the furnaée.shall not exceed
800°F (430°C) at the time the vesselor part is placed in it.

(b) Above 800°F (430°C), thexrate of heating shall be
not more than 400°F/hr (220%€/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 the
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) inter-
val of length.

(c) The vessel or vessel part shall be held at or above
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 tem-
peratures throughout the portion of the vessel being
heated, except where the range is furth€r limited in Table
KF-402.1 (Table KF-402.1M).

(d) During the heating and holding periods, the furnace
atmosphere shall be so contpelled as to avoid excessive
oxidation of the surface of the’vessel. The furnace shall
be of such design as to_prevent direct impingement of
the flame on the vessél:

(e) Unless modified by Article KF-6, above 800°F
(430°C) coolingfshall'be done in a closed furnace or cool-
ing chamberat 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, but in 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 re-
quired postweld treatment under the requirements of
this Article. The Manufacturer shall ensure that any addi-
tional 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 ob-
tained 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 minimum, the
following.

(a) Method of accomplishing autofrettage.

(b) Method of controlling the extent of autefrettage.

(c) Method of recording time, temperature, and pres-
sure during autofrettage.

(d) Method for measuring the extént of autofrettage
achieved and for determining that«t is within acceptable
limits. Article KD-5 contains anequation which relates
measured strain to the extent of autofrettage.

(e) Any machining after-‘atitofrettage shall be documen-
ted. The influence of machining after autofrettage is dis-
cussed 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 document allsuch at-
tempts and submit them to the Professional Engineer
who certified the Manufacturer’s Desigri)Report for
approval.

KF-530 EXAMINATION.-AFTER
AUTOFRETTAGE

Surfaces which are expected to undergo plastic defor-
mation during autefrettage and which will not be accessi-
ble during thefinal surface examination required in
KE-400 shall be examined by one of the methods in
KE-230 as ‘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 re-
pair 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 resi-
dual stress distribution shall be documented by the Man-
ufacturer 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 ma-
terial 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 the final
tempering temperature, shall be heat treatéd in accor-
dance with Table KF-630 (Table KF-630Mj/when the ex-
treme fiber elongation from forming\exceeds 5% as
determined by egs. (1) or (2).

(1) For double curvature (forrekample, heads):

R
% extreme fiber elongation = e P (1)
Rf Ry
(2) For single ciirvature (for example, cylinders):
R
% extreme fiber elongation = 50t 1- 2L (2)
Rf R,
where
Ry_= final centerline radius, in. (mm)
R, = original centerline radius (equals infinity for flat
plate), in. (mm)
t = plate thickness, in. (mm)

(b) Parts formed at temperature equal to or higher than
the original tempering temperature shall be requenched
and tempered in accordance with the applicable material
specifications either before of after welding into the

vessel

KF-603 MINIMUM THICKNESS AFTER'FORMING

The minimum thickness after forming’of any section
subject to pressure shall be Y, in. (6-mm).

KF-610 WELDING REQUIREMENTS

KF-611 QUALIFICATION OF WELDING
PROCEDURES AND WELDERS

The qualification\of the welding procedure and the
welders shall conform to the requirements of Section IX
and any additional requirements of this Section.

KF-612~ | FILLER METAL

Eiller metal containing more than 0.08% vanadium
shall not be used for weldments subject to postweld heat
treatment.

KF-613 PREPARATION OF BASE METAL

Preparation of plate edges, welding bevels, and cham-
fers, and similar operations involving the removal of me-
tal, 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 arc
air gouging, etc., it shall be done with due precautions
to avoid cracking. Where the cut surfaces are not to be
subsequently eliminated by fusion with weld deposits,
they shall be removed by machining or grinding to a
depth of at least ;¢ in. (1.6 mm) followed by inspection
by a magnetic particle or liquid penetrant method in ac-
cordance with KE-233.

KF-614 WELD FINISH

All weld deposits shall merge smoothly into the base
metal without abrupt transitions.

KF-615 TOUGHNESS REQUIREMENTS FOR
WELDS

For welded vessels in which the welds are not subject
to quenching and tempering, the deposited weld metal
and the heat-affected zone shall meet the impact test val-
ues of KM-234 when tested in accordance with Article
KT-2. When welds are quenched and tempered, they shall

be impact tested as rnqnirnd hy Article KM-2
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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 magnetic particle or liquid pene-
trant method in accordance with KE-233. If repair weld-
ing 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 re-
quirements for qualified operators and procedures and
for heat treatment 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 performed in ac-
cordance 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 tempering tem-
perature. PWHT and tempering may be accomplished
concurrently. Where accelerated cooling from the tem-
pering temperature is required by the material specifica-
tion, the same minimum cooling rate shall apply to PWHT,

(c) All welding of connections and attachments shallbe
postweld heat treated 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) Furnaces shall be provided with suitablé equipment
for the automatic recording of temperatures. The metal
temperature of the vessel or vessel‘part during the hold-
ing period shall be recorded and shall be controlled with-
in #25°F (x14°C).

(e) Parts or entire vessels'may be rapidly cooled after
PWHT by spraying or inimersion when temper embrittle-
ment is of concern. See'KM-240 for heat treatment certi-
fication requirements:

Table KF-630
Postweld Heat Treatment Requirements for Quenched and Tempered Materials in Table KM-400-1
(U.S. Customary Units)

Thickness
Requiring PWHT,

Holding Time

Postweld Heat

Spec. No. Grade or Type P-No. and Group No. in. Treatment Temp., °F hr/in. min./hr
Plate Steels
SA-517 Grade A 11BGr. 1 Over 0.58 1,000-1,100 1 1/4
SA-517 Grade B 1B Gr. 4 Over 0.58 1,000-1,100 1 Ya
SA-517 Grade E 11B Gr. 2 Over 0.58 1,000-1,100 1 A
SA-517 Grade F 11B Gr. 3 Over 0.58 1,000-1,100 1 A
SA-517 Grade ] 11B Gr. 6 Over 0.58 1,000-1,100 1 A
SA-517 Grade P 11B Gr. 8 Over 0.58 1,000-1,100 1 A
SA-533 Grades B«& D, Cl. 3 11A Gr. 4 Over 0.58 1,000-1,050 A Y,
SA-543 Type B& €, Cl. 1 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 Gradés 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 Yy
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 be given 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

(SI Units)

Thickness Holding Time
Requiring PWHT, Postweld Heat
Spec. No. Grade or Type P-No. and Group No. mm Treatment Temp., °C h/25 mm min./h
Plate Steels
SA-517 Grade A 11B Gr. 1 Over 14.7 540-590 1 Ya
SA-517 Grade B 11B Gr. 4 Over 14.7 540-590 1 A
SA-517 Grade E 11B Gr. 2 Over 14.7 540-590 1 Yy
SA-517 Grade F 11B Gr. 3 Over 14.7 540-590 1 A
SA-517 Grade ] 11B Gr. 6 Over 14.7 540-590 1 A
SA-517 Grade P 11B Gr. 8 Over 14.7 540-590 1 A
SA-533 Grades B & D, CL.3 11A Gr. 4 Over 14.7 540-570 P Yy
SA-543 Types B & C, Cl.1 11A Gr. 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 1 Gr. 4 Over 38 565-620 1 Yy
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 ], 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)] 540-565 1 1
SA-508 Grade 4N, Cl. 3 3Gr. 3 [Note (2)] 540~590 1 1
NOTES:

(1) NA indicates not applicable.

(2) PWHT is neither required nor prohibited. Consideration should bé\givén to the possibility of temper embrittlement. The cooling rate from
PWHT, when used, shall not be slower than that obtained by-coéling in still air.

KF-640 EXAMINATION AND TESTING

KF-641 EXAMINATION AFTER HEAT
TREATMENT

After final heat treatment, such vessels shall be exam-
ined for the presence of cracks on the outside surface of
the shell and heads and on the.inside surface where prac-
ticable. This examination-shall be made in accordance
with KE-233.

KF-642 CHECK.OF HEAT TREATMENT BY
HARDNESS TESTING

After final heat treatment, quenched and tempered ma-
terials shalkbe subjected to Brinell hardness tests. The
readings'shall be taken at a minimum of three locations
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 ves-
sels of quenched and tempered steels in thicknesses
above ', in. (13 mm) instead of stamping. In addition to
the required marking, the letters UQT shall be applied be-
low the Certification Mark and U3 Designator (see
KF-601).
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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 sub-
ject to the restrictions of KE-211.

KF-712 REPAIR OF DEFECTS BY WELDING

Materials not permitted by Part KM for welded con-
struction may be repaired by welding if all of the follow-
ing conditions are met:

(a) The carbon content is less 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 Manufacturer or the
Manufacturer agree to repair welding.

(d) The repair 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 electrodé\and procedure, in-
cluding preheat and postheat, shall be established by
making a groove weld specimenas 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<Tdbles
QW-452.1(a) through QW-452.6. Before welding;’'the spe-
cimen shall be in the same condition of heat®freatment as
the work it represents, and after welding) the specimen
shall be subjected to heat treatment equivalent to that
contemplated for the work. Tensignyand 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 fihished welds shall be postweld heat treated or
given a further heat treatment as required by the applica-
ble material specification. This welding shall be per-
formed 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) The rules of this 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 dis-
cussion 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 process, each layer
shall be individually fabricated, heat treateddas applicable,
and examined in accordance with the rules given for ves-
sels in this Division. If a layer is autofrettaged prior to the
shrink-fit process, the rules of Article KF-5 shall apply to
the autofrettaged layer. If a layer isrolled and welded, the
requirements of Articles KF-2 and KF-4 shall apply to the
layer prior to the assembly process. The examination
rules of Part KE shdll apply to each layer where
applicable.

KF-812 SHRINK-FIT PROCESS TEMPERATURES

The temperatures 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 heat-
ihg process.

KF-813 ASSEMBLY PROCEDURE AND REPORT

The Manufacturer shall provide a writtenprocedure
that describes in detail the fabrication pregess steps that
will be used to produce the design residual stress distri-
bution. This procedure shall addréss but is not limited
to the following:

(a) The method for accomplishing the stress redistribu-
tion shall be identified, togethér with the necessary pro-
cess controls.

(b) Variables that aré€ to be controlled to accomplish the
design residual stress distribution shall be identified, to-
gether with changes in their values necessary to ensure
adequate control of the process.

(c) The methods used to measure the amount of resi-
dual stress distribution that is achieved, with precision
conSjstent with the criteria of (b), shall be identified. Re-
liability of measuring devices shall be ensured through re-
dundancy 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 examina-
tion in accordance with KE-233.

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 h:\r‘lzing strips is prnhihifnd
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(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 sec-
tion. 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 be-
tween the weld area and the succeeding layer, before ap-
plication of the layer.

(d) Category A weld joints in layered shell sections shall
be in an offset pattern such that the centers of the welded
longitudinal joints of adjacent layers are separated cir-
cumferentially by a distance of at least five times the layer
thickness in the joint to be welded. Weld categories are
described in KE-321.

(e) Category A weld joints in layered heads may be in
an offset pattern; if offset, the joints of adjacent layers
shall be 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 that attach 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 for 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 inger
layers are designed as Type No.1 butt joints.

Offset pattern welds shall be such that the eenters of
the adjacent weld joints are separated by a.mihimum 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 qualifi¢ation 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 thethickest 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 apart,

(b) The longitudinal weld joint of the inner shell or in-
ner head and the longitudinal weld joint of layered shell
or layered head shall be qualified separately unless it is
of the same P-Number material. The weld gap of the lon-
gitudinal layer weld joint shall be the minimum width
used in the procedure qualification for layers 7/g in.
(22 mm) and less in thickness.

(c) Circumferential layer-to-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 /s in.
(22 mm) and under. A special type of joint tensile speci-
men shall be made from the layer test coupon’/as shown
in Figure KF-822(b). Face and root bend-spetimens shall
be made of both the inner and outer weldto the thickness
of the layer by cutting the weld to_the layer thickness.

KF-823 WELDER PERFORMANCE
QUALIFICATION

Welding shall be performed only by welders and weld-
ing operators who haye been qualified in accordance with
Section IX. The mitimtm and maximum thicknesses qual-
ified by any welder test plate shall be as shown in Section
[X, Tables QW-452.1(a) through QW-452.6.

KF-824/ VENTING BETWEEN LAYERS

Vent'holes shall be provided to detect leakage of the in-
nex'shell and to prevent buildup of pressure within the
layers as follows:

(a) In each shell course or head segment, a layer 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 ves-
sels and vessel parts that are fabricated using layered
construction.

KF-825.1 Inner Shells and Inner Heads. Categories A
and B joints in the inner shells of layered shell sections
and in the inner heads of layered heads shall be examined
throughout their entire length in accordance with Article
KE-3 before application of subsequent layers.

KF-825.2 Category A Weld Joints in Layers.

(a) Category A joints in layers Y, in. (6 mm) through
%16 in. (8 mm) in thickness welded to the previous surface
shall be examined for 100% of their length in accordance
with Article KE-3 by the magnetic particle or liquid pene-

the prnr‘ndnrp qn:\liﬁr‘afinh for category A welds npplinc
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Weld—typical for
layered stacks

-

1
i

L B
T_-.

Figure KF-822(a)
Solid-to-Layered and Layered-to-Layered Test Plates

Clamp layered stack
for hold down during
welding. Number and
] location of clamps is
at discretion of
fabricator.

)

< 4 ) faciarier 4 b 4

After specimen location”is laid out, the outer edges
of layered stack shallbe welded together in this location

in order to prevent‘layers from separating.

(a) Plan-View of.Solid-to-Layered and Layered-to-Layered Test Plates

t
i
&
Removable backing strip (optional)
(b) Layered-to-Solid Test Plate
i i

(c) Layered-to-Layered Test Plate

Removable backing strip (optional)

GENERAL NOTE: For T > 1 in. (25 mm), multiple specimens in accordance with Section IX, QW-151 may be used.

These items
are required
at layered
portions of
test plates
only—typical
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(21)

Figure KF-822(b)
Test Specimens for Weld Procedure Qualification

| 14 in. (355 mm) approx. >|
Grip length = 4 in. 1in. (25 mm) Weld reinf. to be machined
(100 mm) min. min. radius flush with base metal

‘e Y y

5/gin. (16 mm)

. / —>| 1 <= > 1 *—Weld—Dboth ends for Figure KF-822(a), illustration(c);
Grip surface

1/5in. (13 mm) approx.— layer side only for Figure KF-822(a), illustration (b)

I
|
|
. |
|
|
|

Parallel length = Maximum weld width

. plus 1in. (25 mm)
Specimen A

Weld—(typical) four places for Figure KF-822(a), illustration (c);
two places (layer side only) for Figure KF-822(a), \

Gri . illustration (b)
rip surface —_ Y | Grip surface
L N\ | | J s

Specimen B (Alternate Specimeén)

GENERAL NOTE: Specimens A and B are plan views of Figure KF-822(a), illustrations (b) and (c), and are identical except for locations of grip

surfaces and welds. All grip surfaces are to be machined flat.

(b) Category A joints in layers over %4 in. (8 mm), if (c) Category B joints in layers over 7/ in. (22 mm) in
thickness welded to the previous layer shall be examined thickness shall be examined for 100% of their length by
for 100% of their length by both a surface and a)volu- both a surface and volumetric means in accordance with

metric examination in accordance with Article\KE-3. For Article KE-3. For ultrasonic examination, the distance am-
the ultrasonic method, the distance amplitude correction plitude correction curve or reference level shall be raised

curve or reference level shall be raised by 6 dB for the by 6 dB for the bottom 10% of the weld thickness.
bottom 10% of the weld thickness. KF-825.4 Through-Thickness Butt Joints.

KF-825.3 Step Welded Girth Jaints in Layers. (a) Categories B and D joints attaching a solid section to
(a) Category B joints in layer§’//, in. (6 mm) through a layered section or a layered section to a layered section
*h6 in. (8 mm) in thickness shall be spot examined over shall be examined over their entire length in accordance

a minimum of 10% of théir’/length in accordance with with Article KE-3.

Article KE-3 by the magnetic particle or liquid penetrant (b) 1t is recognized that layer wash® or acceptable gaps
method. The randenispot examination shall be per- (see KF-826) may show as indications difficult to distin-
formed as specified-ih KF-825.8. guish from slag on radiographic film. Acceptance shall

(b) CategoryB joints in layers over % in. (8 mm) be based on reference to the weld geometry as shown

through 7/8 in.*(22 mm) in thickness shall be examined in Figure KF-825.4 and acceptance criteria in KE-332.

for 100% of their length in accordance with Article KF-825.5 Flat Head and Tubesheet Weld Joints. Cat-
egory C joints attaching layered shell or layered heads to
flat heads and tubesheets shall be examined to the same
requirements as specified for Category B joints in

KE-3 by the magnetic particle or liquid penetrant method.
In_addition, these joints shall be spot examined over a
minimum of 10% of their length by the ultrasonic method
in accordance with Article KE-3, except that the distance KF-825.3.
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 spe-

cified in KF-825.8.

(21)

184


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2021.pdf

ASME BPVC.VIIL3-2021

Typical indication
of layer wash
(shall not exceed
acceptance criteria
in KE-332)

Figure KF-825.4
Indications of Layer Wash

Judged in accordance with KE-332

/La:ered settion

NOTE:

Ad wall section

(1) Any indication not in line witlrJayer interface shall be interpreted in accordance with KF-825.4.

Figure KF-825.4(b)

Angled Radiographic Technique for Detecting Layer Wash

DELETED

2y

2y
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KF-825.6 Welds Attaching Nonpressure Parts and
Stiffeners. All welds attaching supports, lugs, brackets,
stiffeners, and other nonpressure attachments to pres-
sure parts (see Article KD-7) shall be examined on all ex-
posed surfaces by the magnetic particle or liquid
penetrant method in accordance with the requirements
of Article KE-3. However, the examination required in
KF-224 shall be made after any postweld 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 either a magnetic particle method or by
a liquid penetrant 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
Weld. The random magnetic particle examinations or li-
quid penetrant examinations required by KF-825.3(a),
and the ultrasonic examinations required by
KF-825.3(b), shall be performed as follows:

(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
his own 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 weld-
ing which does not comply with the minimum quality te-
quirements of the applicable paragraphs of Article KE-3,
two additional spots of equal length shall be€xamined
in the same weld unit at locations away from the original
spot. The locations of these additional spets’shall be de-
termined by the Inspector or Manufacturer as provided
for in the original spot examination.

(c) If either of the two additighal spots examined
shows welding which does not comply with the minimum
quality requirements of the applicable paragraphs of
Article KE-3, the entire unit of weld represented shall
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 com-
pletely examined and defective welding only need be
corrected.

(d) Repair welding shall be performed using a qualified
procedure and in a manner acceptable to the Inspector.
The.rewelded joint or the weld repaired areas shall be
random spot examined at one location in accordance with
the requirements 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 an-
gles 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
approximation of the area of the gap shall be calculated
as indicated in Figure KF-826.

(b) In the case of layered spheres or layered heads, if
the gaps 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 efisure that the height of
gaps between any two layers ddes not exceed the gap per-
mitted in (c). The spacing of.the vent holes shall be such
that gap lengths can be detefmined. In the event an exces-
sive gap height is measured through a vent hole,
additional vent holes$ shall be drilled as required to deter-
mine 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 at any 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—
2 (1)
Rg
where
b = length of gap, in. (mm)

F = gap value (dimensionless)
h = gap between any two layers, in. (mm)
R, = outside radius of layer above which the gap is lo-

cated, in. (mm)

(3) The total sum of the values of F calculated above
shall be evaluated in accordance with KF-826.3.

(4) The gap area, A,, between any two adjacent
layers 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

(21)
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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:

h = radial gap, in. (mm)

b = arc length of relevant radial gap, in. (mm)
R, = radius of vessel at gap, in. (mm)

layer thickness, in. (mm)
area of gap (approx.) = %hb, i?)(mm)?

(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 maxi-
mum 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 re-
spectively as:

O] = R p )
'ml ROZ B RIZ
1.812Eh

Opl = Rg 3

0m1 and o,; may be obtained by analysis using analysis
model with maximum‘gap.

(b) The maximufmygap shall be evaluated in accordance
with KD-340. The allowable cycle for maximum gap and
design pressure shall be equal to or greater than design
cycle, where

E (= ynodulas of elasticity, ksi (MPa)
h, = maximum gap between any two layers, in. (mm)
P = design pressure, ksi (MPa)
R, = outside radius of layer above which the gap is in-
dicated, in. (mm)
R; = inside diameter, in. (mm)
R, = outside diameter, in. (mm)
op; = longitudinal bending stress due to gap between
any two layers, in. (mm)
0m; = longitudinal membrane stress due to pressure, ksi

(MD:\)

KF-826.3 Evaluation for Maximum Permissible
Number of Circamferential 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
R, P
Otp = 02 h IZP (4)
Ro™ - Ry
E
Oty = XF 5
tg 1- Vz (5)

0.p and o, may be obtained by analysis using analysis
model with maximum permissible number of circumfer-
ential gaps.

(b) 04 shall be satisfied as follows:

Og < (AO’N - th) (6)
where
E = modulas of elasticity, ksi (MPa)
P = design pressure
R; = inside diameter, in. (mm)
Aoy = structural stress range corresponding to design
cycle per KD-340
v = poisson’s ratio
YF = total sum of the value of F [all of the accumulated
gap strain, see KF-826.1(c)(2)]
0.4 = circumferential stress in a layer due to all the ac-
cumulated gap strains
0. = circumferential stress due to pressure

The structural stress range Aoy corresponding to de-

cign r‘yr‘]n shall be obtained in accordance with KD-34.0
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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 mid-
point 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 sec-
ond set is to be taken during the hydrotest (see
KT-330). After the hydrotest pressure has been success-
fully maintained for a minimum of 5 min, the measure-
ments shall be made while the hydrotest pressure is
maintained. The difference in measurements shall be
averaged for each course in the vessel and the results re-
corded as average middle circumferential expansion 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.

(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.shfink-
fit assembly process will cause the residual stress.distri-
bution obtained by the shrink-fitting operation‘to be re-
duced. The residual stress will not be knowh within the

tolerance required in KD-810(a). Therefore, if a postweld
heat treatment is given to shrink-fitted layers, no credit
shall be taken for the beneficial effects of the prestress ob-
tained 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, oT
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 provisiéns of Table KF-402.1 or Table
KF-630 (Table KF-630MJ shall be provided with a but-
tered layer of at least?, in. (6 mm) thick welding material
not requiring postweld heat treatment. Solid sections of
P-No. 1 materials heed not have this buttered layer. Post-
weld heat treatment of the buttered solid section shall
then be performed prior to attaching to the layered sec-
tionsPostweld heat treatment following attachment to
the’layered section is not required unless the layered sec-
tionvis required to be postweld heat treated.

(3) A multipass welding technique shall be used and
the weld layer thickness shall be limited to ¥, in. (6 mm)
maximum. When materials listed 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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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 sur-
rounding winding. The end load is not carried by the cyl-
inder(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 require-
ments 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 or in lieu of applicable requirements given in Articles
KF-1 through KF-7. When requirements of this Article dif-
fer from those of Articles KF-1 through KF-7, they are spe-
cifically delineated.

KF-910 FABRICATION REQUIREMENTS

The general and special requirements stated in Atticles
KF-1, KF-6, KF-7, and KF-8 shall be valid when dpplicable.
The welding fabrication requirements stated in Articles
KF-2 through KF-8 shall be replaced by thedequirements
in KF-911.

KF-911 WELDING FABRICATION REQUIREMENTS

Welds and repair welds are-fiot permitted in parts that
are prestressed by wire winding and carry pressure loads.
However, an exception is, made for the welded joints that
are necessary to lengthen the wire in order to get an un-
interrupted windifig. The requirements for these welded
wire joints ar€ stated in KF-912.

KF-912- ~WELDED WIRE JOINTS

Wheh it is necessary to get a winding consisting of an
uninterrupted 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 reestablish the origi-
nal cross-section shape.

The Manufacturer shall measure the réduction in
strength of welded wire joints obtained-by his welding
procedure. The wire force shall be reduced to a corre-
sponding lower level for a minimum of two turns before
and after the welded joint.

After welding and before 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 nonwelded wire. If the joint breaks, the
welding shall be repéated until the strength requirement
specified above'i$)fulfilled.

KF-913- WINDING PROCEDURE REQUIREMENTS

Each\wire-wound vessel shall be wound in accordance
with.a detailed wire winding procedure. This procedure
shdll 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 wind-
ing shall be carried out in accordance with this procedure.

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 calibrated at least every 6 months, or at any time there
is reason to believe that the measuring devices are
erroneous.

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 com-
pared with the calculations. The measurements shall be
made using methods that guarantee a result with ade-
quate accuracy. If differences are noted between specified
and measured compression at these checkpoints and
there is reason to presume that the specified final com-
pression will not be reached if the original program is fol-
lowed, a change may be made in the remaining program
by increasing the specified wire force by not more than
10%. The final difference between originally specified
and measured compression shall not exceed 5%.

The wire end shall be properly locked to prevent
unwrapping.
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ARTICLE KF-10
ADDITIONAL FABRICATION REQUIREMENTS FOR ALUMINUM
ALLOYS

(a) Vessels and components may be manufactured
from sheet, plate bar, rod, drawn seamless tube, and
seamless extruded tube conforming to Table KM-400-4
(Table KM-400-4M) specifications. Finished vessels and
components shall be heat treated in accordance with

the requirements of the specifications listed sih-Table
KM-400-4 (Table KM-400-4M) and shall meet-the speci-
fied mechanical properties for T6 or T651 témper, as ap-
plicable.

(b) Welding and thermal cutting are not permitted.
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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.stainless
steels, SA-705 and SA-564, Grades XM-12, XM-25, and 630
shall be welded using a filler metal of same nominal com-
position as UNS S17400.

(b) Age-hardening stainless steel§/SA-705 and SA-564,
Grades 631, XM-13, and XM-16 shall be welded using a fil-
ler metal of the same nominal ‘composition as the base
metal.

KF-1120 BASE METAL HEAT TREATMENT
CONDITION

All material-shall be heat treated prior to welding to the
solution.annealed condition or to a yield strength of
105 ksiver less, in accordance with the heat treatment re-
guirements 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 qualifiediwelders and procedures
in accordance with the requiréments of this Article and
KF-210.

(b) Temporary welds and repair welds shall be consid-
ered the same as all\other welds insofar as requirements
for qualified opérators and procedures and for heat treat
are concerned.

(c) Temporary welds shall be removed and the metal
surfacelshdll be restored to a smooth contour. The area
shalljbe examined by the magnetic particle or the liquid
pénetrant 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) If repairs are necessary, they shall be made using
qualified weld procedures and welders in accordance
with this Article.

KF-1140 POSTWELD HEAT TREATMENT

After completion of all welding, the vessel or compo-
nent shall be fully solution annealed and aged to the de-
sired 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, but should not be less 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 produc-
tion 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 ves-

Cﬂ] Qr rnmpnh ent
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(d) The production weld test coupon shall be tested in
accordance with the requirements of KF-1111.

KF-1160 EXAMINATION AND TESTING

After final heat treatment of the components, all welds
shall be examined on the outside surface and inside sur-
face where accessible by the magnetic particle 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.post-weld
solution anneal and aging heat treatment(after comple-
tion 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
requirements for the Composite Reinforced Pressure Ves-
sels (CRPV) fabricated in accordance with this Division.

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 be-
fore laminate application.

KF-1211 FINAL WELD FINISH FOR CRPV

Weld surfaces may be left unground inside the CRPV
provided a fatigue analysis, including experimental verifi-
cation, 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*Appendix 10,
10-402 and 10-600, Laminate Procedure Qualification.
For the unfinished weld surfaces on the internal surface
of the CRPV, the maximum permitted’weld reinforcement
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 location; ‘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 service, a hydrostatic test to a pressure at least

Table KF-1211
Permitted Weld Reinforcement

Max.
Reinforcement,
Weld Thickness, in. (mm) in. (mm)
Y4 to Yy, (6.0 to 12.7), incl. Y (3.2)
Over ¥, (12.7) sz (4.0)

1.25 times the design pressure or 1.5 times theService or
working pressure, whichever is greater; shall be per-
formed on each CRPV Prototype Vessgl. This test may
be combined with any hydrostatic pressurization
procedure used to provide a prestress in the individual
layers, provided the minimufiistest pressure is reached.
This hydrostatic test shallde done after the tests and ex-
aminations in SectionX,” Mandatory Appendix 10,
10-503(a)(1), 10-608,-and 10-609 but before tests and ex-
aminations in (b)(1){and Section X, Mandatory Appendix
10, 10-613 through 10-616.

(b) Specifie Requirements

(1) Yolumetric Expansion Tests. Each CRPV Prototype
Vessel\shall be subjected to a volumetric expansion test
usiig a'test fluid that complies with the requirements of
KT-820.

(-a) The volume of liquid used to fill the CRPV at
atmospheric pressure and temperature shall be com-
pared with that required to fill it at the design pressure
and at the same temperature. Care shall be taken to elim-
inate air pockets to ensure accuracy. The volume of liquid
used in each instance shall be determined by any appro-
priate means, such as a weigh tank that has been cali-
brated to an accuracy of £0.2%. The percent expansion
shall be subsequently 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 determinations
being made; all measurements shall be made with instru-
ments 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 pres-
sure, both at the same temperature. The percent volu-
metric expansion calculated from these measurements
shall be subsequently used in the production 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 hy-
drostatic 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 cal-
culated 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 tempera-
ture specified in the User’s Design Specification. The num-
ber 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 colder than 30°F
(0°C) specified in the User’s Design Specification. If no cy-
cles colder than 30°F (0°C) are specified in the User's De-
sign Specification because the vessel is operating in
ambient conditions, the number of test cycles shall be cal-
culated using the requirements of KD-1260 based on 10%
of the total number of cycles. Designate the number©f test
cycles ngq.

Step 2.Calculate the number of test cycles that would
be required if the entire test was done at the test tem-
perature and test pressure range for the first portion of
the test using the requirements of KD<1260. Designate
the required number of cycles N,

Step 3.Calculate the fraction of the total cyclic test re-
quirement, Ty, that will be achieved in the first portion
of the test as Ty; = nyq/Nyb

Step 4.Determine thétest temperature, test pressure
range, and number_of\test cycles for the second portion
of the test (test cycle 2). The test pressure range shall
not be less than, the operating pressure range as defined
in the Userys\Désign 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°F (45°C) speci-
fied in the User’s Design Specification. If no cycles warmer
than 110°F (45°C) are specified in the User's Design Spec-
ification because the vessel is operating in ambient condi-
tions, the number of test cycles shall be calculated using
the requirements of KD-1260 based on 10% of th€)total
number of cycles. Designate the number of test ¢ycles n,,.

Step 5.Calculate the fraction of the totalcy¢lic test re-
quirement, Ty, that will be achieved in-the“second por-
tion of the test as Ty, = ny 3 /Ny».

Step 6.Repeat Steps 1 through-3dor each additional
portion of the test (test cycles 1 through n).

Step 7.Add the fractions of thie‘total cyclic test require-
ment for each portion of the\test (each test cycle), Ty, =
Try + Tpp + ... Tpy. Adjust'the number of cycles to be
achieved in each portion-of the test until Ty, equals or ex-
ceeds 1.0.

(4) Hydrostatic Pressure Qualification Test. The Quali-
fication Test Pressure is a pressure designated by the
Manufacturer that shall be at least two times the design
pressure for vessels to be installed at a fixed location.
Forp vessels to be used in transport service, the Qualifica-
tion/Test Pressure shall be at least 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) The test fluid shall be applied at a 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 pressure 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
at a rate that is not greater 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 re-
ported in the Qualification Test Report and recorded on
Form CRPV-2A.

194


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.3 (ASME BPVC Section 8 Division 3) 2021.pdf

ASME BPVC.VIIL3-2021

PART KR
PRESSURE RELIEF DEVICES

All Division 3 pressure relief device requirements have been transferred from Part KR to Section XIII, and the remain-
ing Division 3 overpressure protection requirements have been restructured within the new Part KOP. See Nonnranda-
tory Appendix M for a complete cross-reference list.

(21)
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PART KOP
OVERPRESSURE PROTECTION

ARTICLE KOP-1
GENERAL REQUIREMENTS

KOP-100 GENERAL REQUIREMENTS

(a) This Part provides the acceptable methods and re-
quirements for overpressure protection for pressure ves-
sels constructed to the requirements of this Division.
Acceptable methods include pressure relief devices, open
flow paths, and inherent overpressure protection. This
Part establishes the type, quantity, and settings of accept-
able pressure relief devices and relieving capacity re-
quirements including maximum allowed relieving
pressures. Unless otherwise specified, the required pres-
sure relief devices shall be constructed, 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) All pressure vessels within the scope of thisDivision
shall be provided with protection against oyerpressure
according to the requirements of this Part, Combination
units (such as heat exchangers with shells designed for
lower pressures than the tubes) shall be'ptrotected against
overpressure from internal failures:

(c) Overpressure protectionheed not be provided
when the source of pressureé-is external to the vessel
and when the source of préssure is under such positive
control that the pressure in the vessel cannot exceed
the design conditions;.except as permitted in KOP-140.

(d) In the case-where a vessel is pressurized by an in-
tensifier system»whose output pressure to the vessel is
a fixed multiple of the supply pressure, the pressure relief
device may’be located 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 re-
lief 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 (\Amfnrl hydranlir‘ fluid, m'r')

(4) The material being protessed in downstream
equipment is stable and nonreactive or is provided with
a suitable secondary vent-system, which will effectively
prevent transfer of secondary energy sufficient to over-
pressure the vessél,

The Designer\is cautioned to consider the effects of
leaking chegk yvalves in such systems.

KOP=110 DEFINITIONS

Unless otherwise defined in this Division, the defini-
tions relating to pressure relief devices in Section XIII
shall apply.

KOP-120 RESPONSIBILITIES

(a) It is the User’s or his designated agent's responsibil-
ity to identify all potential overpressure scenarios and the
method of overpressure protection used to mitigate each
scenario.

(b) 1t is the responsibility of the user to ensure that the
required overpressure protection system is properly in-
stalled prior to initial operation.

(c) If a pressure relief device(s) is to be installed, it is
the responsibility of the user or his designated agent to
size and select the pressure relief device(s) based on its
intended service. Intended service considerations 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 his designated agent shall be responsi-
ble for establishing a procedure for sizing and/or flow ca-
pacity calculations for the device and associated
flow paths, as well as changes in fluid conditions and

properties as appropriate. These calculations shall be
based on the most severe credible combinations of final
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compositions and resulting temperature. Alternatively,
sizing shall be determined on an empirical basis by actual
capacity tests with the process in question at expected re-
lieving conditions. The User shall be responsible for pro-
viding 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 li-
quid/vapor trim values should be considered.

KOP-130 DETERMINATION OF PRESSURE
RELIEVING REQUIREMENTS

(a) It is the user’s or his designated agent's responsibil-
ity 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 de-
vices 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 equipment with-
out 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
relief valve for other than steam or air shall be deter-
mined by the method of conversion given in Section XIH,
Mandatory Appendix IV.

KOP-140 OVERPRESSURE LIMITS

The aggregate capacity of the safety relief devices, open
flow paths, or vents shall be sufficient to prevent over-
pressures in excess of 10% above the design pressure
of the vessel when the safety «elief devices are dischar-
ging. The Designer shall corsider the effects of the pres-
sure drop in the overpressure protection 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 dis-
charge through-a common stack or vent path, the maxi-
mum back\préssure that can exist during simultaneous
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, open flow
paths and/or inherent overpressure protection may be

used ta prnfnrf against Quverpressure
=2

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 over-
pressure 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 intimatex¢ontact with
the process stream. Intimate contact may;bé required to
overcome inlet line fouling problems-o¥ to ensure that
the temperature of the disk is the(same as the interior
temperature of the vessel.

(b) Rupture disk devices bearing the Certification Mark
with the “UD3” Designatordn accordance with Section XIII
may be used.

(c) Rupture disk devides 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
withythe “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 dis-
charge, KD, where KD = 0.62

(2) The Designer is responsible to evaluate the rup-
ture disk and holder design to determine the applicable
area to 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 proper-
ties 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 pro-
vide a complete burst. Flow coefficient (Cp , K, LEQ,
percent open area) may be established at a lower pres-
sure 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 bearing the Certifica-
tion Mark with the “IJV” Designator in accordance with
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Section XIII may be used, provided the applicable require-
ments of Section XIII, Part 4 are met, including specific re-
quirements for Section VIII, Division 3. If the valve is the
primary relief device [see KOP-154(c)], the requirements
of Section XIII, Parts 9 and 10 for accreditation of testing
laboratories and acceptance of Authorized 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
hazardous fluids must be avoided.

(a) Multiple rupture disk devices in parallel shall not be
used on the inlet side of a pressure relief valve.

(b) When a combination device is used, both the rup-
ture disk device and the pressure relief valve shall meet
the applicable requirements of Part KOP and Section XIH,
The rupture disk device shall be installed to prevent frag-
ments from the rupture disk from interfering with the
proper operation of the pressure relief valve{For addi-
tional requirements, see Section XIII, Part 8.

(c) A rupture disk device may be used in‘parallel with a
pressure relief valve whose set pressureids lower than the
rupture disk when it is important to Jimit the quantity of a
release or it is impractical to certify 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 adeguate to meet the requirements
of KOP-140, and the xupture disk device shall meet all
the applicable requirgments of this Part. With the excep-
tion of the flow _capacity certification, the pressure relief
valve shall meet 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 INHERENT OVERPRESSURE

PROTECTION

Inherent overpressure protection is permitted, pro-

KOP-160 PRESSURE SETTINGS AND
PERFORMANCE REQUIREMENTS

(a) A single safety relief device shall open at a nominal
pressure not 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
at a pressure not exceeding the design pressure of the
vessel. The additional device or device§ 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 ex-
ceeding 110% of the 'design pressure of the vessel at
the operating temperature in lieu of the requirements in
(a) above. The reguirements of KOP-140 shall also apply.

(d) The pressure at which any device is set shall include
the effects,of superimposed back pressure through the
pressureyelief 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.

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 authorized per-
son. Under no condition shall this valve be closed while

vided the requirements of KQP-1 ﬂﬂ(r‘) are met
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KOP-173 DUAL OVERPRESSURE PROTECTION

Where it is desirable to perform maintenance on pres-
sure relief devices without shutting down the process, 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 devices must be

such that the requirements of KOP-140 are met at any po-
sition of the transfer valve. Alternatively, the User may
elect to install stop valves in each branch, but so con-
trolled that one branch is open at all times and the re-
quirements 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

(a) In accordance with the rules provided in this
Article, a power-actuated pressure relief system may be
used instead of a pressure relief valve or rupture disk
on high pressure vessels equipped with an external yoke
to support end closures.

(b) A pressure vessel may also be provided with over-
pressure protection by a power-actuated pressure relief
system by design 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-
actuated pressure relief system

(b) certify that the User will demonstrate the function-
ing 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 in-
structions for demonstration of the functiohing 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 Manufacturer’s Data Report.

(d) A detailed schematic of the control system shall be
supplied with the véssel documentation.

KOP-210) SYSTEM REQUIREMENTS

(@) The output from three independent devices shall be
processed by an automated system. These devices shall
be a combination of pressure transducers and elongation
(strain) measuring 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
yoke in a location where the elastic elongation (strain)
of the yoke is linearly proportional to the jpressure.

(1) Any elongation (strain) measuring device shall be
designed and installed such that t€mperature does not af-
fect the results.

(2) Means shall be provided to automatically
reset the zero of the elongation measuring device(s) at
the beginning of each \pfessurization cycle to maintain
calibration.

(c) The pressure, vessel shall be automatically depres-
surized under any of the following conditions:

(1) Anynouitputs (pressure transducer or elongation
device)/indicate that the pressure exceeds the limits in
KOP-460(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
pneumatic 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
pressure.

(g) The material for the portion of the valve that is ex-
posed to the high-pressure fluid shall meet the material
requirements in Part KOP.

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
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(3) an increase in pressure generator capacity

(4) a change in the 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 in-
crease the required relief capacity or reduce the furnished
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 re-
quired by KOP-140. The demonstration shall be wit-
nessed by the Authorized Inspector.

(b) The results of the flow capacity demonstration and
the setting and verification tests shall be documented 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

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 his designated agent, shall spe-
cify overpressure protection by administrative controls
and system design, and shall reference this Article in writ-
ing in the purchase documents. The Manufacturer is re-
sponsible only for verifying that the User or his
designated agent has specified overpressure protection
by administrative controls and system design, and for list-
ing this Article on the Manufacturer's Data Report.

(a) The User, or his 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 mul-
tidisciplinary team employing one or more of the follow~
ing methodologies shall be 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 or his designated agent shall deter-
mine the potential for overpressure due to all credible op-
erating and upset conditiehs, including equipment and
instrumentation 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 experienced 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 Instfiument Flow Diagrams
(P&IDs), showing all pertinent€lements of the system as-
sociated with the vessel

(2) a description of all’éredible operating and upset
scenarios, including s¢enarios involving fire, and those
that result from equipment and instrumentation
malfunctions

(3) an analysis showing the maximum short-term im-
pulsive loading and long-term pressure that can result
from eachof the scenarios examined in (2) above

(4)-a detailed description of any administrative con-
trals and/or instrumentation and control system that is
used to limit the impulsive loading and long-term pres-
sure 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 accep-
tance 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 Re-
port 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 ac-
cordance with the examination methods of Section V, ex-
cept 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 ex«
ceed the limits of Section V, Article 2, T-285, and the_int-
age quality indicators of Table KE-101 (Table KE-101M)
shall be used in lieu of those shown in Section,V,(Article
2, Table T-276.

KE-102 ULTRASONIC EXAMINATION

Ultrasonic examination shall be in accerdance with Sec-
tion V, Article 5.

KE-103 MAGNETIC PARTICLE EXAMINATION

Magnetic particle examination shall be in accordance
with Section V, Article 7-Jf prods are used, the procedure
shall include precautiohs that shall be taken to prevent
arc strikes. This\pfocedure shall also contain steps to be
followed to retmove arc strikes, which may occur so that
all affected material has been removed. See KE-210.

KE-104 ) LIQUID PENETRANT EXAMINATION

Liquid penetrant examination shall be in accordance
with Section V, Article 6.

KE-105 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

satisfaction of the Inspector. The procedures shall comply
with the appropriate‘article of Section V for the particular
examination method. Written procedures and records of
demonstration’of procedure capability and records of
personnel qualification to these procedures shall be made
available-to the Inspector and included in the Manufac-
turé€r’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 certi-
ficate holder (see KG-322), the certificate holder shall ver-
ify the qualification of personnel to the requirements of
KE-112 through KE-115. All nondestructive examinations
required by this subsection shall be performed by, and
the results evaluated by, qualified nondestructive exami-
nation personnel.

(c) For nondestructive examination methods that con-
sist of more than one operation or type, it is permissible
to use personnel qualified to perform one or more opera-
tions. As an example, one person may be used who is
qualified to conduct radiographic examination and an-
other may be used who is qualified to interpret and eval-

prnrndnrnc that have been demonstrated to the
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Table KE-101
Thickness, Image Quality Indicator Designations, Essential Holes, and Wire Diameters
(U.S. Customary Units)

Image Quality Indicator

Single Wall Source Side Film Side

Material Wire Wire

Thickness Range, Essential Diameter, Essential Diameter,
in. Designation Hole in. Designation Hole in.

Up to Y, incl. 8 2T 0.005 8 2T 0.005
Over Y, to %% 12 2T 0.008 10 2T 0.006
Over ¥ to Y, 15 2T 0.010 12 2T 0.008
Over Y, to % 15 2T 0.010 12 2T 0.008
Over g to ¥, 17 2T 0.013 15 2T 0.010
