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

Items produced by parties not formally possessing an ASME Certificate may not be described,
either explicitly or implicitly, as ASME certified or approved in any code forms or other dacun =nt.



https://www.stdhive.com/standards/asme-bpvcviii3-2023-pdf/

AN INTERNATIONAL CODE

2023 ASME Boiler &

Pressure Vessel Code

2023 Edition July 1, 2023

VAL

RULES FOR CONSTRUCTION
OF PRESSURE VESSELS

Division 3

Aiternative Rules for
Construction of High Pressure

Vessels

ASME Boiler and Pressure Vessel Committee
on Pressure Vessels

% The American Society of

® Mechanical Engineers Two Park Avenue ¢ New York, NY ¢ 10016 USA


https://www.stdhive.com/standards/asme-bpvcviii3-2023-pdf/

Date of Issuance: July 1, 2023

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

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

Participation by federal agency representatives or persons affiliated with industry is not to L =.in.=rp ¢ted as
government or industry endorsement of this code or standard.

ASME accepts responsibility for only those interpretations of this document issued in acccrdance with the es-
tablished ASME procedures and policies, which precludes the issuance of interpretations:v i.dividuals.

The endnotes and preamble in this document (if any) are part of this American Natio. al Stadard.

ASME Collective Membership . * un
(0)z

ASME Single Certification Mark

» o«

“ASME” and the above ASME symbols a ‘e re, istered trademarks of The American Society of Mechanical Engineers.

No.ct ot his document may be reproduced in any form, in an electronic
rcirieva, system or otherwise, without the prior written permission of the
publisher.

Library of Congress Catalog Card Number: 56-3934
Adoy “ed by the Council of The American Society of Mechanical Engineers, 1914; latest edition 2023.

The American Society of Mechanical Engineers
Two Park Avenue, New York, NY 10016-5990

Copyright © 2023 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS
All rights reserved
Printed in U.S.A.


https://www.stdhive.com/standards/asme-bpvcviii3-2023-pdf/

List of Sections
Foreword
Statement of Policy on the Use of the ASME Single Certification Mark and Code Authorization in Advertising
Statement of Policy on the Use of ASME Marking to Identify Manufactured Items .....................

Personnel
Correspondence With the Committee ........ ... .. i i i
Summary of Changes

TABLE OF CONTENTS

Cross-Referencing in the ASME BPVC ... ... .. e
Part KG General Requirements ................. .. i i
Article KG-1 Scope and Jurisdiction ........... .. ... . 0
KG-100 S0P e
KG-110 Geometric Scope of This Division ......... N, N
KG-120 Classifications Outside the Scope of This Divisic» .....................
KG-130 Assembly and Testing of Vessels at Field or Intern.ediate Sites ..........
KG-140 Standards Referenced by This Division  .............................
KG-150 Units of Measurement . ... ........imuu ittt
KG-160 Tolerances . .........oii it
Article KG-2 Organization of This Division . .. ........ ... ... ... ... .. ... .. ...
KG-200 Organization ........... 0 . i e
Article KG-3 Responsibilities and Dutie. .. .......... .. .. ... ... .. i i
KG-300 General . ... ...
KG-310 User’s Responsibility . ..o ..
KG-320 Manufacturer’s.Recpor sibility ...
KG-330 DeSigner . e
Article KG-4 General Ruic<for Inspection ............ ... ... ..o
KG-400 Genera Renirements for Inspection and Examination .................
KG-410 Manu‘c urer’s Responsibilities ............ ... ... i
KG-420 _erfication of Subcontracted Services ............. ... .. i
KG-430 e ASPECEOT .« et e
KG-440 Inspector’'s Duties ......... ..o
Article KG-5 Additional General Requirements for Composite Reinforced Pressure
Vessels (CRPV) . ... e e e
KG-500 General Requirements ...........ouiiiiniinniin i
KG-510 S0P .« it it e
KG-520 Supplemental General Requirements for CRPV ........................
Artic'le K5-6 Additional General Requirements for Impulsively Loaded Vessels
KG-~00 General Requirements .............. .t
«G-617 S0P e
Pa.t KM Material Requirements .................. ... .. .. .. i,
Article KM-1 General Requirements .................. .. .. .. i
KM-100 Materials Permitted ........ ... i e
Article KM-2 Mechanical Property Test Requirements for Metals ................
KM-200 General Requirements ................iiiiiiiiiiiiii i

iii

N (o3 UIW WNNR R R =

=
N O

N = s S e
Ul Ul U1 D DD

17
17
17
18

19
19
19

20

20
20

24
24


https://www.stdhive.com/standards/asme-bpvcviii3-2023-pdf/

KM-210 Procedure for Obtaining Test Specimens and Coupons ................. 24

KM-220 Procedure for Heat Treating Separate Test Specimens ................. 26
KM-230 Mechanical Testing Requirements .............. ... ..., 26
KM-240 Heat Treatment Certification/Verification Tests for Fabricated Components 29
KM-250 Additional Toughness Requirements for Pressure-Retaining Component
Materials . ... ..o e 30
KM-260 Retests ... 31
KM-270 Notch Tensile Testing Procedure and Acceptance Criterion ............. 31
Article KM-3 Supplementary Requirements for Bolting .......................... 37
KM-300 Requirements for All Bolting Materials ............... ... ... ... ... 57
Article KM-4 Material Design Data .................. i 38
KM-400 Contents of Tables of Material Design Data ............... ... ... ... ... 38
Article KM-5 Requirements for Laminate Materials ...................... N 61
Article KM-6 Analytical Material Models ................... ... ... .. ... .... s 62
KM-600 S0P e 62
KM-610 Ideally Elastic-Plastic (Non-Strain Hardening) Material Model ... ....... 62
KM-620 Elastic-Plastic Stress-Strain Curve Model ............... ............ 62
KM-630 Cyclic Stress-Strain Curve ...............covivuen .. ) ) U AU 62
Article KM-7 Rules for Covers on Impulsively Loaded Vessels ... ............... 67
KM-700 General . ... ... e 67
Part KD Design Requirements .................. P 68
Article KD-1 General ...................... . T Y 68
KD-100 Scope ... LN W 68
KD-110 Loadings . ..ot 68
KD-120 Design Basis .. ... .o e 69
KD-130 Design Criteria ........ ... i i e 70
KD-140 Fatigue Evaluation ........... ... i e 70
Article KD-2 Basic Design Requircmenats ........... ... ... i i 71
KD-200 Scope ........... . L - - e e e e 71
KD-210 Terms Relating .o *aress Analysis . .......... i 71
KD-220 Equations for Cy.'nd-ical and Spherical Shells ........................ 73
KD-230 Elastic-Platfic . malysis . ... 75
Article KD-3 Fatigr=~ Evilaation ... ... 82
KD-300 SO 2 i e 82
KD-310 Ziress Jlaalysis for Fatigue Evaluation ................ ... ... ... ...... 82
KD-320 Caiculated Number of Design Cycles ..., 85
KD-330 Cculated Cumulative Effect Number of Design Cycles ................. 87
KD-340 vatigue Assessment of Welds — Elastic Analysis and Structural Stress ... 88
KD-350 histogram Development and Cycle Counting for Fatigue Analysis ........ 91
KD-370 Welded Joint Design Fatigue Curves ..............c.ciiiiiiniinnnnen... 93
Article KD-4. Fracture Mechanics Evaluation ................................... 116
KD-400 S0P 116
KD-41u Crack Size Criteria . ...... ... it e 116
KD-< 10 Stress Intensity Factor K; Calculation ................... ... ... ...... 117
KZ:430 Calculation of Crack Growth Rates ............. ... .. ... 117
D-4-9 Calculated Number of Design Cycles ............coiiiiiiiniinnennnn. 118
Article KD-5 Design Using Autofrettage ................... ... 119
«D-500 S0P .« it it e 119
KD-510 Limits on Autofrettage Pressure ............ ..., 120
KD-520 Calculation of Residual Stresses ............ciiiiiiiiiinnnn. 120
KD-530 Design Calculations .......... ...t 122


https://www.stdhive.com/standards/asme-bpvcviii3-2023-pdf/

Article KD-6

KD-600
KD-620
KD-630
KD-640
KD-650
KD-660

Article KD-7

KD-700
KD-710
KD-720
KD-730
KD-740
KD-750

Article KD-8
KD-800
KD-810
KD-820
KD-830
KD-840
KD-850

Article KD-9

KD-900
KD-910
KD-920
KD-930

Article KD-10
KD-1000
KD-1010
KD-1020
KD-1040
KD-1050

Article KD-11
KD-1100
KD-1110
KD-1120
KD-1130

Article KD-12

KD-1200

KD-1210

KD-1220

KL 1250
D-1.40

KL 1250

KD-1260

KD-1270

Article KD-13

KD-1300
KD-1310

Design Requirements for Closures, Integral Heads, Threaded Fasteners,

and Seals . .......... ...
S0P e
Threaded Fasteners and Components ...............c.vuiiienenan...
Load-Carrying Shell With Single Threaded End Closures ................
Integral Heads ........ ... it e
Quick-Actuating Closures ..............iiuiiiiiii i
Requirements for Closures and Seals ............. .. ... ...,

Design Requirements for Attachments, Supports, and External Heating
and Cooling Jackets ......... ... .. ... . .. i
General Requirements .............co.iuiiniiiii i
Materials for Attachments ............ .. ... i,
Welds Attaching Nonpressure Parts to Pressure Parts ............
Design of Attachments .............. ... ... 5. W W
Design of SUPPOItS . ..ottt
Jacketed Vessels . ... ..o e e

Special Design Requirements for Layered Vessels ...... ...........
General .. ... ... e e
Rules for Shrink-Fit Layered Vessels ............. ... .. ... ... .....
Rules for Concentrically Wrapped and Welded Laye ted vessels .........
Design of Welded Joints .................... R
Openings and Their Reinforcement . ... ...... ... ... ... ... ... ...
Supports ... e

Special Design Requirements for 'Vire:Wound Vessels and Wire-
Wound Frames ........ QN
Scope . ... T
Stress Analysis .. .../ i e
Stress Limits ........... I

SCOPE
Fatigue Life £v.luauon Using Fracture Mechanics .....................
Fracture-Me aarics Properties ........... ... i,
Test M thed for K;y Determination .................................
Fatigue “rack Growth Rate Tests ...........oiiiiiiiiiiinnn,.

)esign Requirements for Welded Vessels ..........................
S o
Types of Joints Permitted .......... ... .. .. . i
Transition Joints Between Sections of Unequal Thickness ...............
Nozzle Attachments ............iiriinii e

Experimental Design Verification .................................
General Requirements .............. .ottt
Types of Tests ...t
Strain Measurement Test Procedure .................. ... ...t
Photoelastic Test Procedure ........... ... . . i,
Test Procedures ... .......oouiiiii
Interpretation of Results ............ .ot
Experimental Determination of Allowable Number of Operating Cycles

Determination of Fatigue Strength Reduction Factors ..................

Additional Design Requirements for Composite Reinforced Pressure
Vessels (CRPV) . ... .. e

123
123
123
124
125
125
12F

1.6
126
126
126
128
128
128

129
129
130
131
133
133
133

140
140
140
142
142

145
145
146
146
147
148

150
150
150
150
151

156
156
156
156
157
157
157
158
162

163
163
163


https://www.stdhive.com/standards/asme-bpvcviii3-2023-pdf/

Part KF

Article KF-1
KF-100
KF-110
KF-120
KF-130

Article KF-2
KF-200
KF-210
KF-220
KF-230
KF-240

Article KF-3
KF-300
KF-310
KF-320
KF-330
KF-340
KF-350
KF-360

Article KF-4
KF-400
KF-410
KF-420

Article KF-5
KF-500
KF-510
KF-520
KF-530
KF-540
KF-550

Article KF-6

KF-600
KF-610
KF-620
KF-630
KF-640
KF-650

Article KF-7
KF-700
KF-710
KF-720

Article XF-o
KF-&0
K™810
IF-8.1
XF 330

Aarticle KF-9

KF-900
KF-910

Fabrication Requirements .................. ... .. .. . ...

General Fabrication Requirements ................................
General . ... ..
Material . ...
Material Forming . ....... ... e
Tolerances for Cylindrical and Spherical Shells and Heads ..............

Supplemental Welding Fabrication Requirements ..................
General Requirements for AllWelds .............. ... ... ... ...,
Welding Qualifications and Records .............. ... ... . i,
Weld Joints Permitted and Their Examination ........................
Requirements During Welding ........... ... it

Repair of Weld Defects ....... ..o e

Fabrication Requirements for Materials With Protective Lining; .-
S0P e
Qualification of Welding Procedures .............. ... ... .. ... ... ..
Integrally Clad Materials ......... ...ttt e
Postweld Heat Treatment of Linings ................... A VI
Examination Requirements .......................¢ B NN R
Inspection and Tests ..............ccvvivnun.,
Stamping and Reports ........................

Heat Treatment of Weldments .. ...... o T
Heat Treatment of Weldments ........... By - < e
Heating Procedures for Postweld Heat Treatment .....................
Postweld Heat Treatment After Repairs .

General . ...
Examination and Repair ...... I
Autofrettage Procedures . ........ ...
Examination After Autofi>ttag= ........ ... .
Repair of Defects After nviofrettage ...
Stamping and Rezarts ..o

Additional Fab) cat.on Requirements for Quenched and Tempered
Steels | .
General N, PSSR
Welding ReqUirements .. ........oouiuiuninineiiiinnii s
Trmy rary Welds Where Not Prohibited .............................
Fostweld Heat Treatment . ...t e
Txanaination and Testing . ... ... e
S.amping and Reports ... e

Supplementary Requirements for Materials With Welding Restrictions
S0P
Repair of Defects ....... ..o
Methods of Forming Forged Heads ................ ... .. oot

Specific Fabrication Requirements for Layered Vessels .............
S0P e
Rules for Shrink-Fit Vessels ........... . i,
Rules for Concentrically Wrapped Welded Layered Vessels .............
Heat Treatment of Weldments ..............c.cociiiiiiiininnennn.

Special Fabrication Requirements for Wire-Wound Vessels and
Frames . ........ . i

S0P e

Fabrication Requirements ........... ... ...

vi

165

165
165
165
166
167

168
168
1A8
169
170
W72

173
173
173
174
174
174
174
175

176
176
179
180

181
181
181
181
181
181
181

182
182
182
183
183
184
184

185
185
185
185

186
186
186
186
192

194
194
194


https://www.stdhive.com/standards/asme-bpvcviii3-2023-pdf/

Article KF-10
Article KF-11

KF-1100
KF-1110
KF-1120
KF-1130
KF-1140
KF-1150
KF-1160
KF-1170
KF-1180

Article KF-12

KF-1200
KF-1210

Part KR
Part KOP

Article KOP-1
KOP-100
KOP-110
KOP-120
KOP-130
KOP-140
KOP-150
KOP-160
KOP-170

Article KOP-2
KOP-200
KOP-210
KOP-220

Article KOP-3
KOP-300

Part KE
Article KE-1

KE-100
KE-110

Article KE-2
KE-200
KE-210
KE-220
KE 230
. E-2410

K7-250

KE-260

Article KE-3
KE-300
KE-310

Additional Fabrication Requirements for Aluminum Alloys ..........

Additional Fabrication Requirements for Welding Age-Hardening
Stainless Steels ........... .. ..
S0P
Welding Requirements ..............c.iiiiiiiiiiiii i,
Base Metal Heat Treatment Condition ................ ... ... ...t
Temporary Welds Where Not Prohibited .............................
Postweld Heat Treatment ............ ... it
Production Weld Testing ......... ...
Examination and Testing ............c.iiuiiiiii i,
Repair Welding . ... e
Postweld Heat Treatment After Weld Repairs ......................

Additional Fabrication Requirements for Composite Reinforced P ~s-

sure Vessels (CRPV) ....... ... .. .. . .. N -
S0P e
Welding ...

Pressure Relief Devices ................ .. .. .. .00 ...
Overpressure Protection ................ ... ... ... .. ... ... ...,

General Requirements ................. .. .. i
General Requirements ...............iiii i
Definitions . ...t
Responsibilities ......... .. o
Determination of Pressure Rehpvmg Req vrements ...
Overpressure Limits ......¢ .0 o
Permitted Pressure Relief Dev1c 'S au. i Methods .......................
Pressure Settings and Perfr rmance Requirements .....................
Installation .............. 7

Requirements for NMower-Actuated Pressure Relief Systems .........
General Requiren ont. .. ... e
System Requirements ...
Flow Capacicy . eStIng . ...ttt

Overpres ~urc ¢rotection for Impulsively Loaded Vessels ............
LOT=) 4] o U

".Xe.nination Requirements ............. ... ... .. ... ...

Regairements for Examination Procedures and Personnel
Qualification .......... ... ... .. . . e

General . ... e

Qualification and Certification of Nondestructive Examination Personnel . .

Requirements for Examination and Repair of Material ..............
General Requirements .............. .ttt
General Requirements for Repair of Defects ..........................
Examination and Repair of Plate ........... ... .. .. .. ... . ..
Examination and Repair of Forgingsand Bars ........................
Examination and Repair of Seamless and Welded (Without Filler Metal)
Tubular Products and Fittings ............. ... ... it
Examination and Repair of Tubular Products and Fittings Welded With Filler
Metal ... e
Examination of Bolts, Studs, and Nuts ............. ... iiiirnnnn.

Examination of Welds and Acceptance Criteria .....................
Examination of Welds and Weld Overlay .............................
Examination of Weld Edge Preparation Surfaces ......................

vii

195

196
196
196
196
196
19,
296
17
197
197

198
198
198

200
201

201
201
201
201
202
202
202
203
203

205
205
205
205

207
207

208

208
208
208

211
211
211
212
212

214
215

216

217
217
230


https://www.stdhive.com/standards/asme-bpvcviii3-2023-pdf/

KE-320
KE-330

Article KE-4
KE-400
KE-410

Article KE-5

KE-500

Part KT

Article KT-1
KT-100
KT-110

Article KT-2
KT-200
KT-210
KT-220
KT-230
KT-240

Article KT-3
KT-300
KT-310
KT-320
KT-330
KT-340
KT-350

Article KT-4
KT-400
KT-410
KT-420

Article KT-5

KT-500
KT-510

Part KS

Article KS-1
KS-100
KS-110
KS-120
KS-130
KS-140
KS-150

Arti-le 1S-2
KS-20
ES-210
K:-220
KS-230
KS-240
KS-250
KS-260

Types of Welds and Their Examination ..............................
Acceptance Standards . ........ .

Final Examination of Vessels ................... ... ... ... ... ......
Surface Examination After Hydrotest ........... .. ... ... ... .. ...,
Inspection of Lined Vessel Interior After Hydrotest ....................

Additional Examination Requirements for Composite Reinforced Pres-
sure Vessels (CRPV) ... .. ... e
S0P L e

Testing Requirements ................ ... .. ... .. i i,

Testing Requirements ................... .. ... ... .. it
SO it
Requirements for Sample Test Coupons .........................

Impact Testing for Welded Vessels ...........................
Impact Tests .. ..o
Location and Orientation of Specimens ..................... ........
Impact Tests for Welding Procedure Qualifications ......c....00 .......
Impact Test of Production Test Plates ..............: A Y
Basis for Rejection .............. ... ... .. ...

Hydrostatic Tests ............................ N
Scope ... e
Limits of Hydrostatic Test Pressure ....... !
Fluid Media for Hydrostatic Tests ..... .. ... ...
Test Procedure ................. ... D
Exemption for Autofrettaged Vesse's . ... ..
Additional Requirements for Im=clsivoly Loaded Vessels ...............

Pressure Test Gages and Tran.dv_ers .............................
Type and Number of Gages or Transducers ................c.cccuou...
Pressure Range of Test Gygesiand Transducers .......................
Calibration of Test Gages'»ad Transducers .................cvivnan..

Additional Tes’ 1n7, Requirements for Composite Reinforced Pressure
Vessels (CRP .\ .

Responsibiiity ...

Testing T2auirements ........ ...

Mar j7.g, Stamping, Reports, and Records .........................

Cuntents and Method of Stamping ............ ... ... .. ... ... .....
Jequired Marking for Vessels ......... .. i
Application of Certification Mark .......... ... ... ...
Jart Marking ... .. o e
Application of Markings ........... ...
Attachment of Nameplate or Tag ...,
Special Stamping Requirements for Composite Reinforced Pressure Vessels

(CRPV ) ottt e

Obtaining and Using Certification Marks ...........................
Certification Mark Bearing Official Symbol ...........................
Application for Certificate of Authorization ...........................
Issuance of Authorization ............... i,
Designated Oversight ............ .. i
Quality Control SYyStem ... ...ttt
Evaluation of the Quality Control System ............. ... viiinn..
Code Construction Before Receipt of Certificate of Authorization ........

viii

230
231

234
234
234

235
235

258

236
236

237
237
237
237
237
238

239
239
239
240
240
240
240

241
241
241
241

242
242
242

243

243
243
244
244
244
245

245

246
246
246
246
246
246
246
246


https://www.stdhive.com/standards/asme-bpvcviii3-2023-pdf/

KS-270

Article KS-3
KS-300
KS-310
KS-320

Mandatory Appendix 1
1-100

Mandatory Appendix 2
2-100
2-110

2-111
2-112
2-113
2-114
2-115
2-116
2-117
2-118
2-119
2-120
2-121
2-122
2-123
2-124

Mandatory Appendix 5
5-100
5-200

Mandatory Appendix 6

6-100
6-110
6-120

Mandatory Appendix 8

8-100
8-200
8-300

Mandatory Appendix 9
9-100
9-110
9-200
9-210
9-220
9-230
9-240
9-250
9-260
9-270
9-280
9-290
9-300

Special Requirements Regarding Manufacturer's Certificates for Manufac-
ture of Composite Reinforced Pressure Vessels (CRPV) ...............

Report Forms and Maintenance of Records ........................
Manufacturer’s Data Reports ............cooiiiiniii i
Maintenance of Radiographs .......... ... ... .. . i
Maintenance of Records .......... ...

Nomenclature . ............. i e i e
NOMENCIAtUIE ...t e e e e

Quality Control System .............. ... ...
General . ... .
Outline of Features to Be Included in the Written Description of the Quality

Control System . ...t
Authority and Responsibility ............ .. ... ...
Organization ... ...... ... ..ttt
Drawings, Design Calculations, and Specification Control ...............
Material Control ....... ... .. i
Examination and Inspection Program ................ ... ... ...,
Correction of Nonconformities .............. ... iiiiiiiiiin.n.
Welding ...
Nondestructive Examination .............. ... ...
Heat Treatment . ........ .. ... . i e
Calibration of Measurement and Test Equipment ......................
Records Retention . ........... ..o
Sample FOrms . ... o e
Inspection of Vessels and Vessel Parts ............ ... .. ...,
Certifications ...t

Adhesive Attachment of Nameplates ..............................
S0P
Nameplate Application Procedure Qualification .......................

Rounded Indications Charts Acceptance Standard for Radiographically

Determined Rounded Indications in Welds ......................
Applicability of These Standards ............... ... i,
Terminology ..o
Acceptance Criteria ... .. ... ...t e

Establishing Governing Code Editions and Cases for Pressure Vessels
and Parts ........... .
General . ... ..
Construction ... ..o
Materials . ... ..o

Linear Elastic Analysis ............ ... .. .. . i
General . ... e
Load Combinations . ...........iuiuitiiitne ittt
Derivation of Equivalent Stress ........... ...t
Stress LImits ... ..o
Primary Membrane and Bending Stresses ................ ... ... .. ...,
Pure Shear Stress . ...t
Bearing Stress .. ...t e
SECONAArY SErESSES .ottt ettt e e et e
Simplified Elastic-Plastic Analysis ........... .. ... ..
Thermal Stress Ratcheting Assessment .................coiininn...
Triaxial Stresses .. ...t
Upper Limit for Hydrostatic Test Pressure ...........................
Principal Stresses in Monobloc Vessels .............. ... ... ... ...

246

247
247
248
248

249
249

257
257

257
257
257
257
258
258
258
258
258
258
258
258
258
258
258

259
259
259

260
260
260
260

269
269
269
269

270
270
270
270
270
273
273
273
273
273
273
274
274
274



9-400

Nonmandatory Appendix A
A-100

Nonmandatory Appendix B

B-100

Nonmandatory Appendix D
D-100
D-200
D-300
D-400
D-500
D-700

Nonmandatory Appendix E
E-100
E-110
E-120
E-200
E-210
E-220

Nonmandatory Appendix G
G-100
G-200
G-300
G-400
G-500
G-600
G-700
G-800
G-900

Nonmandatory Appendix H
H-100
H-110
H-120
H-130
H-140
H-150

Nonmandatory Appendix I
1-100

1-200
1-300

Nonmandatory Appendix ]
J-100
J-110

Nonmandatory Appendix K
K-100
K-110
K-200

Nonmandatory Appendix L

Analysis of Threaded Fasteners and Components ......................

Guide for Preparing Manufacturer’s Data Reports ..................
Introduction .. ... ... ... i e

Suggested Practice Regarding Extending Life Beyond the Cyclic Design
Life ..
Extending Allowed Cyclic Limits While in Operation ...................

Fracture Mechanics Calculations ..................................
S0P L
Crack Location and Stressing .............coiiiiiiiiiiiinnnnnnan.
Crack Orientation and Shape .......... ... i,
Methods for Determining Stress Intensity Factor ......................
Calculation of Fatigue Crack Growth Rates ...........................
References ....... ... ..

Construction Details ............. .. ... ... .. . i
Integral Heads (Blind Ends) ........... ...,
Thick Wall Proportions ............c.iiiii i
Thin Wall Proportions ........... ..t
Threaded End Closures ............c.oiiiiiiii i
Nomenclature (See Figures E-210.1, E-210.2, and E-210.3) .............
Thread Load Distribution ............ .. .. . i,

Design Rules for Clamp Connections ..............................
S0P i
Materials ... ... o
Nomenclature . ...t e
Bolt Loads . ....ooii e
Longitudinal Loads .......... ... e
Hub Moments . ..........iiii e
Calculation of Hub Stresses ...........c.cciiiiiiiiiiiiii i
Calculation of Clamp Stresses .......... ..ot
Allowable Design Stresses for Clamp Connections .....................

Openings and Their Reinforcement ...............................
S0P L
Circular Openings Not Requiring Reinforcement ......................
Reinforcement for Openings in Shells and Formed Heads ...............
Reinforcement for Openings in Flat Heads ...........................
Limits of Reinforcement ........... ... ... ... i
Metal Available for Reinforcement ................... ... .. ... . ...,

Guidance for the Use of U.S. Customary and SI Units in the ASME Boiler

and Pressure Vessel Code ................ .. ... iiiiiiiiiinnn.
Use of Units in Equations ............ .. .
Guidelines Used to Develop SI Equivalents ...........................
Soft Conversion Factors ............. ..o

Stress Concentration Factors for Cross-Bores in Closed-End Cylinders

and Square Blocks .......... ... .. ...
S0P e
Methodology ....... ..o

Fatigue and Fracture Assessment of Impulsively Loaded Vessels ... ..
S0P e
Nomenclature .. .........iiiii e
ANalysis ... e

Linearization of Stress Results for Stress Classification .............

274

276
276

290
290

291
291
291
291
293
299
300

301
301
301
302
302
302
303

308
308
308
308
314
316
316
317
317
317

318
318
318
318
320
320
321

323
323
323
325

326
326
326

329
329
329
329

331



Nonmandatory Appendix M

FIGURES
KM-212
KM-270.1
KM-270.1M
KM-270.2
KM-270.2M
KM-270.3
KM-270.3M
KD-320.1

KD-320.1M
KD-320.2
KD-320.2M

KD-320.3

KD-320.3M

KD-320.4
KD-320.4M
KD-320.5
KD-320.5M

KD-320.6(a)
KD-320.6M(a)
KD-320.6(b)
KD-320.6M(b)
KD-320.7

KD-320.7M

KD-372.1
KD-700
KD-812
KD-830.1
KD-830.2
KD-830.3
KD-830.4
KD-830.5
KD-830.6
KD-850
KD-900
KD-911
KD-932
KD-1112
KD-1121
KD-1122

Guide to the Relocation of Overpressure Protection Requirements . ..

Examples of Acceptable Impact Test Specimens ............. ..o,
Machine Sharp Edge-Notch Specimen ........... .. .. .. . i,
Machine Sharp Edge-Notch Specimen ........... .. .. .. . i,
Reinforcing Plate for Specimen Head .......... ... ... .. . . . . i
Reinforcing Plate for Specimen Head ........... .. .. .. .. i
Standard Test Sections ........ ... ..
Standard Test SECHiONS . ... ... .t
Design Fatigue Curves S, = f(Nf) for Nonwelded Machined Parts Made of Forged Carbon or
Low Alloy Steels for Temperatures Not Exceeding 700°F ..........................
Design Fatigue Curves S, = f(Ny) for Nonwelded Machined Parts Made of Forged Carbon or
Low Alloy Steels for Temperatures Not Exceeding 371°C ..................ccovun...
Design Fatigue Curve S, = f(N) for Nonwelded Parts Made of Carbon or Low Alloy Steels for
Temperatures Not Exceeding 700°F . ... ... i
Design Fatigue Curve S, = f(N) for Nonwelded Parts Made of Carbon or Low Alloy Steels for
Temperatures Not Exceeding 371°C .. ... .ot e
Fatigue Curve for Nonwelded Series 3XX High Alloy Steel, Nickel-Chromium-Iron Alloy,
Nickel-Iron-Chromium Alloy, and Nickel-Copper Alloy for Temperatures Not Exceeding
800°F
Fatigue Curve for Nonwelded Series 3XX High Alloy Steel, Nickel-Chromium-Iron Alloy,
Nickel-Iron-Chromium Alloy, and Nickel-Copper Alloy for Temperatures Not Exceeding
427°C
Design Fatigue Curve S, = f(Ny) for Nonwelded Machined Parts Made of 17-4PH/15-5PH
Stainless Steel Bar or Forgings, for Temperatures Not Exceeding 550°F ..............
Design Fatigue Curve S, = f(Ny) for Nonwelded Machined Parts Made of 17-4PH/15-5PH
Stainless Steel Bar or Forgings, for Temperatures Not Exceeding 290°C ..............
Design Fatigue Curve for High-Strength Steel Bolting for Temperatures Not Exceeding
700°F
Design Fatigue Curve for High-Strength Steel Bolting for Temperatures Not Exceeding
371°C
Roughness Factor K, Versus Average Surface Roughness R, (nin) AA .................
Roughness Factor K, Versus Average Surface Roughness R, (um) AA .................
Roughness Factor K, Versus Maximum Surface Roughness Ry, (Win.) ................
Roughness Factor K, Versus Maximum Surface Roughness Ry, (Wm) ................
Design Fatigue Curve for Nonwelded 6061-T6 and 6061-T651 Aluminum for Temperatures
Not Exceeding 225°0F ... .
Design Fatigue Curve for Nonwelded 6061-T6 and 6061-T651 Aluminum for Temperatures
Not Exceeding 107°C
Burr Grinding of Weld Toe ... ... .o e
Some [llustrative Weld Attachment Details ............ ... .. i,
Diameters and Layer Numbers for Concentric Shrink-Fit Layered Cylinder .............
Acceptable Layered Shell Types
Some Acceptable Solid-to-Layered Attachments ............... ... iiiiiininnen..
Some Acceptable Flat Heads With Hubs Joining Layered Shell Sections ................
Some Acceptable Flanges for Layered Shells ........... ... .. ... ..
Some Acceptable Welded Joints of Layered-to-Layered and Layered-to-Solid Sections . ...
Some Acceptable Nozzle Attachments in Layered Shell Sections ......................
Some Acceptable Supports for Layered Vessels
Wire-Wound Vessel and Frame Construction .................oiuiiiiiininnannann..
Nomenclature for Wire-Wound Cylinders ............. ...,
Derivation of Design Fatigue Curve From Wire Fatigue Curve ........................
Typical Pressure Parts With Butt-Welded Hubs ........... ... .. ... ... ... ... ... . ...
Joints Between Formed Heads and Shells ......... ... .. .. .. ..
Nozzle Necks Attached to Piping of Lesser Wall Thickness ...........................

xi

332

27
33
33
34
35
36
36

95

98

101

102

103

104

105

106

107

108
109
110
111
112

113

114
115
127
131
133
134
135
136
137
138
139
141
142
144
151
152
153



KD-1130
KD-1131
KD-1260.1
KD-1260.2
KF-131
KF-822(a)
KF-822(b)
KF-825.4
KF-826
KE-242.1
KE-301-1
KE-301-2
KE-301-3
KE-301-4
KE-301-5
KE-301-6

KE-301-7
KE-321
KS-100

KS-132
6-1

6-2
6-3.1
6-3.2
6-3.3
6-3.4
6-3.5
6-3.6
9-200.1
D-200
D-300
D-403.1
D-403.2
D-403.3
E-110
E-120
E-210.1
E-210.2
E-210.3
G-100.1
G-100.2
G-100.3
G-300

G-300.1
H-101
H-120.1
H-142
J-110-1
J-110-2
J-110-3
K-200-1
K-200-2

Some Acceptable Welded Nozzle Attachments ........... ... it iinenann.
An Acceptable Full-Penetration Welded Nozzle Attachment Not Readily Radiographable
Construction of Testing Parameter Ratio Diagram ............... ... ... i,
Construction of Testing Parameter Ratio Diagram for Accelerated Tests ...............
Example of the Maximum and Minimum Inside Diameters in a Cylindrical Shell .........
Solid-to-Layered and Layered-to-Layered Test Plates ................ ... v,
Test Specimens for Weld Procedure Qualification ............... ... .. ... ... .. ....
Indications of Layer Wash ........ . i
Gap Area Between Layers ......... ... i e
Axial Propagation of Sound in Tube Wall ...... ... ... . . i
Flaw Classification of Single Indication ............ ... .. ... i ..
Surface Flaw Acceptance Criteria . ...........c.c.iiiiiineiii ittt
Subsurface Flaw Acceptance Criteria ..............iiiiiiiiniini e
Multiple Planar Flaws Oriented in Plane Normal to Pressure-Retaining Surface .........
Parallel Planar Flaws . ... ...
Nonaligned Coplanar Flaws in Plane Normal to Pressure-Retaining Surface (Illustrative Flaw
Configurations) ... ..ottt e
Multiple Aligned Planar Flaws ........ ... . i
[llustration of Welded Joint Locations Typical of Categories A, B, C,and D ..............
Official New Certification Mark to Denote the American Society of Mechanical Engineers’
Standard .. ...
Form of Stamping . ...
Aligned Rounded Indications .. ...........o it
Groups of Aligned Rounded Indications ............ ... ... i
Charts for t Y5 in. (3 mm) to Y, in. (6 mm), Inclusive ............ccooviriiiueinnannn.
Charts for t Over %, in. (6 mm) to Y in. (10 mm), Inclusive ..............cvvvvrnnn..
Charts for t Over % in. (10 mm) to %, in. (19 mm), Inclusive ...................c. ...
Charts for t Over ¥, in. (19 mm) to 2 in. (50 mm), Inclusive ...............c.cvuvnn..
Charts for t Over 2 in. (50 mm) to 4 in. (100 mm), Inclusive .........................
Charts for t Over 4 in. (100 Mm) .. ...ttt e e e e
Stress Categories and Limits of Equivalent Stress ........... .. .. ... ..
Typical Crack Types .. ... e e
Idealizations of a Crack Propagating From a Cross-Bore Corner ......................
Magnification Factors for Circumferential Crack ............ ... .. ... ... ...
Polynomial Representation of Stress Distribution ............... ... ... ... ... ......
Method of Correcting K; at Discontinuities Between Regions .........................
Thick Wall Blind End Proportions Not Requiring Detailed Analysis ....................
Thin Wall Blind End Proportions Not Requiring Detailed Analysis ....................
Typical Threaded End Closure . ........ ...ttt
Thread Loading Distribution .......... ... ... i e
Detail of First Thread . ........ ... .. i e e
Clamp Nomenclature . ....... ... e e e e i
Typical Clamp Lug Configurations .......... ... ... i i
Typical Hub Design With the Bolts Contained Within the Body of the Clamp ...........
Typical Self-Energizing Gaskets Used in This Division, Showing Diameter at Location of
Gasket Load Reaction G .. ... ... ..ot e
Values Of £ oo
Straight Drill Connections for Thick-Walled Cylinders ............... ... ... ... .......
Chart for Determining Value of F . ... ... e
Nozzle Nomenclature and DIimensions ..............c.oouiiiiiininnnennennen..
Geometries of Square Blocks and Cylinders With Cross-Bores ........................
Tangential Stress Concentration Factors for Openings in Cylinders ....................
Tangential Stress Concentration Factors for Openings in Square Cross-Section Blocks . ...
Stress History ... e
Toughness Temperature CUIVE . ... ...ttt

Xii

154
155
160
161
167
188
189
190
191
214
221
222
224
226
227

228
229
231

243
245
261
262
263
264
265
266
267
268
272
292
293
298
298
299
301
302
304
305
305
309
310
311

315
316
319
320
322
327
327
328
330
330



TABLES

KG-141 Referenced Standards in This Division and Year of Acceptable Edition .................. 4
KG-150 Standard Units for Use in Equations .............. .t 5
KM-212 Charpy Impact Test Temperature Reduction Below Minimum Design Metal Temperature . 25
KM-234.2(a) Minimum Required Charpy V-Notch Impact Values for Pressure-Retaining Component

Materials ... ... 29
KM-234.2(b)  Minimum Required Charpy V-Notch Impact Values for Bolting Materials ................ 29
KM-400-1 Carbon and Low Alloy Steels . ... ... 39
KM-400-1M Carbon and Low Alloy Steels (Metric) .......... ... 45
KM-400-2 High Alloy Steels ... ... it e 52
KM-400-2M High Alloy Steels (Metric) . ... ..ottt e 55
KM-400-3 Nickel and Nickel AllOYS .. ...t e et 58
KM-400-3M Nickel and Nickel Alloys (Metric) . .......uniii i e et 59
KM-400-4 Aluminum AllOYS . ..ottt e 60
KM-400-4M Aluminum Alloys (MetriC) ... ...ttt e 60
KM-620 Tabular Values for Coefficients ......... ... e 63
KM-630 Cyclic Stress-Strain Curve Data ... ...... ..ottt et 63
KM-630M Cyclic Stress-Strain Curve Data ... ...... ...ttt et 65
KM-630.1 Coefficients for the Welded Joint Fatigue Curves ........... ... iiiiiiiiinnenan... 66
KM-630.1M Coefficients for the Welded Joint Fatigue Curves .............. .. ciiiiiiiiiiiinnn, 66
KD-230.1 Loads and Load Cases to Be Considered in Design ............. .. ..., 76
KD-230.2 Load DeSCriptionS ..o ov ittt e 77
KD-230.3 Combination for Analysis Exemption of Hydrostatic Test Criterion ..................... 77
KD-230.4 Load Combinations and Load Factors for an Elastic-Plastic Analysis ................... 78
KD-320.1 Tabulated Values of S,, ksi, From Figures Indicated ............... ... ... ... ... ..... 96
KD-320.1M Tabulated Values of S,, MPa, From Figures Indicated ................. ... ... ... ..... 99
KD-320.7 Tabulated Values of S, Alternating Stress Intensity From Figures KD-320.7 and KD-320.7M 112
KD-322.1 Fatigue Penalty Parameters ... ...........ouiininni e 114
KD-430 Room-Temperature Crack Growth Rate Factors (U.S. Customary Units) ................. 118
KD-430M Room-Temperature Crack Growth Rate Factors (SI Units) ............... .. ... ... ..., 118
KF-234 Maximum Allowable Offset in Welded Joints .......... ... .. . ... 172
KF-402.1 Requirements for Postweld Heat Treatment of Pressure Parts and Attachments (U.S. Cus-

tomary UNits) . ... 177
KF-402.1M Requirements for Postweld Heat Treatment of Pressure Parts and Attachments (SI Units) . 178
KF-630 Postweld Heat Treatment Requirements for Quenched and Tempered Materials in Table

KM-400-1 (U.S. Customary UnitS) . ... ...ttt ettt e e 183
KF-630M Postweld Heat Treatment Requirements for Quenched and Tempered Materials in Table

KM-400-1IM (STURItS) ..ottt e e e 184
KF-1211 Permitted Weld Reinforcement .......... ... .. i 198
KE-101 Thickness, Image Quality Indicator Designations, Essential Holes, and Wire Diameters

(U.S. Customary UnitS) .. .vivt ittt e ettt 209
KE-101M Thickness, Image Quality Indicator Designations, Essential Holes, and Wire Diameters (SI

UNitS) o 210
KE-301-1 Flaw Acceptance Criteria for 1 in. (25 mm) to 12 in. (300 mm) Thick Weld ............. 219
KE-301-2 Flaw Acceptance Criteria for 16 in. (400 mm) Thick Weld ............................ 220
KE-332 Radiographic Acceptance Standards for Rounded Indications (Examples Only) ........... 232
9-100.1 Load Case Combinations and Allowable Stresses for an Elastic Analysis ................. 271
A-100.1 Instructions for the Preparation of Manufacturer’s Data Reports ....................... 282
A-100.2 Instructions for the Preparation of Manufacturer's Data Reports Form CRPV-1A ......... 286
D-401.1 Coefficients G, Through G3 for Surface Crack at Deepest Point ........................ 295
D-401.2 Coefficients G, Through G3 for Surface Crack at Free Surface ......................... 296
D-500 Crack Growth Rate Factors .......... ..ot e 300
E-222.1 Continuous Thread Example . ........ ... i e e 306
E-222.2 Interrupted Thread Example . ........ . i 307
G-900 Allowable Design Stress for Clamp Connections .............. ..., 317

xiii



J-110-2 Tangential Stress Concentration Factors for Openings in Cylinders (Tabulated Values From

Figure J-110-2) oottt 328
J-110-3 Tangential Stress Concentration Factors for Openings in Square Cross-Section Blocks (Tabu-

lated Values From Figure J-110-3) . ... it e 328
FORMS
KG-311.15  Typical Certification of Compliance of the User’s Design Specification .................... 11
KG-324.1 Typical Certification of Compliance of the Manufacturer’s Design Report .................. 13
K-1 Manufacturer’s Data Report for High Pressure Vessels ................ ... .. ... ... ... 277
K-2 Manufacturer’s Partial Data Report for High Pressure Vessels ........................... 279
K-3 Manufacturer’s Data Report Supplementary Sheet ............ ... ... 281
CRPV-1A Manufacturer’s Data Report for Composite Reinforced Pressure Vessels .................. 284
CRPV-2A Recommended Form for Qualifying the Laminate Design and the Laminate Procedure Specifi-

cation Used in Manufacturing Composite Reinforced Pressure Vessels .................. 288

ENDNOTES .ot e e 333

Xiv



LIST OF SECTIONS
SECTIONS

I Rules for Construction of Power Boilers

Il Materials
e Part A — Ferrous Material Specifications
e Part B — Nonferrous Material Specifications
e Part C — Specifications for Welding Rods, Electrodes, and Filler Metals
e Part D — Properties (Customary)
e Part D — Properties (Metric)

Il Rules for Construction of Nuclear Facility Components
¢ Subsection NCA — General Requirements for Division 1 and Division 2
e Appendices
e Division 1
- Subsection NB — Class 1 Components
- Subsection NCD — Class 2 and Class 3 Components
- Subsection NE — Class MC Components
- Subsection NF — Supports
- Subsection NG — Core Support Structures
e Division 2 — Code for Concrete Containments
¢ Division 3 — Containment Systems for Transportation and Storage of Spent Nuclear Fuel and High-Level
Radioactive Material
e Division 4 — Fusion Energy Devices
« Division 5 — High Temperature Reactors

IV Rules for Construction of Heating Boilers
\" Nondestructive Examination
VI  Recommended Rules for the Care and Operation of Heating Boilers
VII Recommended Guidelines for the Care of Power Boilers
VIII Rules for Construction of Pressure Vessels
e Division 1
e Division 2 — Alternative Rules
e Division 3 — Alternative Rules for Construction of High Pressure Vessels
IX  Welding, Brazing, and Fusing Qualifications
X Fiber-Reinforced Plastic Pressure Vessels
XI  Rules for Inservice Inspection of Nuclear Reactor Facility Components
 Division 1 — Rules for Inspection and Testing of Components of Light-Water-Cooled Plants
e Division 2 — Requirements for Reliability and Integrity Management (RIM) Programs for Nuclear Reactor
Facilities

XII  Rules for Construction and Continued Service of Transport Tanks

XIII  Rules for Overpressure Protection

XV

(23)



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 (1)

(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)

(g9) Committee on Welding, Brazing, and Fusing (IX)

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

(i) Committee on Nuclear Inservice Inspection (XI)

(j) Committee on Transport Tanks (XII)

(k) Committee on Overpressure Protection (XIII)

(1) Technical Oversight Management Committee (TOMC)

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

The Committee’s function is to establish rules of safety relating 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 construction of boilers, pressure vessels, transport tanks, or nuclear components, or
the inservice inspection of nuclear components or transport tanks. Users of the Code should refer to the pertinent codes,
standards, laws, regulations, or other relevant documents for safety issues other than those relating to pressure 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 deterioration 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 service to give a reasonably long, safe period of usefulness. Advancements in design and materials
and evidence of experience have been recognized.

This Code contains mandatory requirements, specific prohibitions, and nonmandatory guidance for construction ac-
tivities and inservice inspection and testing activities. The Code does not address all aspects of these activities and those
aspects that are not specifically addressed should not be considered prohibited. The Code is not a handbook and cannot
replace education, experience, and the use of engineering judgment. The phrase engineering judgment refers to technical
judgments made by knowledgeable engineers experienced in the application of the Code. Engineering 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.
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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/BPVCPublicReview 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 nor a recommendation.
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STATEMENT OF POLICY ON THE USE OF THE ASME SINGLE
CERTIFICATION MARK AND CODE AUTHORIZATION IN
ADVERTISING

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

Organizations that are authorized to use the ASME Single Certification Mark for marking items or constructions that
have been constructed and inspected in compliance with the ASME Boiler and Pressure Vessel 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 Certification Mark who comply
with all requirements.

Based on these objectives, the following policy has been established on the usage in advertising of facsimiles of the
ASME Single Certification Mark, Certificates of Authorization, and reference to Code construction. The American Society
of Mechanical Engineers does not “approve,” “certify,” “rate,” or “endorse” any 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 literature that items, constructions, or activities “are built
(produced or performed) or activities conducted in accordance with the requirements of the ASME Boiler and Pressure
Vessel Code,” or “meet the requirements of the ASME Boiler and Pressure Vessel Code.” An ASME corporate logo shall not
be used by any organization other than ASME.

The ASME Single Certification Mark shall be used only for 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.

» o«

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 in accordance with all of the applicable rules of the Code are identified with the ASME Single Certification
Mark described in the governing Section of the Code.

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

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

General

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

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

Revisions and Errata

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

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

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

Cases

(a) The most common applications for cases are
(1) to permit early implementation of a revision based on an urgent need
(2) to provide alternative requirements
(3) to allow users to gain experience with alternative or potential additional requirements prior to incorporation
directly into the Code
(4) to permit use of a new material or process
(b) Users are cautioned that not all jurisdictions or owners automatically accept cases. Cases are not to be considered
as approving, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom of manufacturers, constructors, or owners to choose any method of design or any form of construction that
conforms to the Code.
(c) The committee will consider proposed cases concerning the following topics only:
(1) equipment to be marked with the ASME Single Certification Mark, or
(2) equipment to be constructed as a repair/replacement activity under the requirements of Section XI
(d) A proposed case shall be written as a question and reply in the same format as existing cases. The proposal shall
also include the following information:
(1) a statement of need and background information
(2) the urgency of the case (e.g., the case concerns a project that is underway or imminent)
(3) the Code Section and the paragraph, figure, or table number(s) to which the proposed case applies
(4) the edition(s) of the Code to which the proposed case applies
(e) A case is effective for use when the public review process has been completed and it is approved by the cognizant
supervisory board. Cases that have been approved will appear in the next edition or supplement of the Code Cases
books, “Boilers and Pressure Vessels” or “Nuclear Components.” Each Code Cases book is updated with seven Supple-
ments. Supplements will be sent or made available automatically to the purchasers of the Code Cases books until the
next edition of the Code. Annulments of Code Cases become effective six months after the first announcement of the
annulment in a Code Case Supplement or Edition of the appropriate Code Case book. The status of any case is available
at http://go.asme.org/BPVCCDatabase. An index of the complete list of Boiler and Pressure Vessel Code Cases and Nu-
clear Code Cases is available at http://go.asme.org/BPVCC.
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Interpretations

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

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

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

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

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

Committee Meetings

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

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

Page Location Change

XV List of Sections (1) Under Section III, Division 4 added
(2) Title of Section XI and subtitle of Section XI, Division 2 revised
(3) Information on interpretations and Code cases moved to
"Correspondence With the Committee"

Xix Personnel Updated
xli Correspondence With the Added (replaces “Submittal of Technical Inquiries to the Boiler and
Committee Pressure Vessel Standards Committees”)
xlvi Cross-Referencing in the Updated
ASME BPVC
1 KG-105 Deleted
2 KG-120 Subparagraphs (a) and (b) revised
4 Table KG-141 Updated
7 KG-310 (1) Second paragraph revised
(2) Subparagraph (e) added
7 KG-311 (1) Sentence below heading editorially revised
(2) KG-311.1(a) and KG-311.2(d) revised
8 KG-311.8 Subparagraph (c) deleted and subsequent subparagraph
redesignated
8 KG-311.9 Revised
8 KG-311.11 Revised
9 KG-311.13 Revised
10 KG-323 (1) Subparagraph (c) revised
(2) Subparagraph (h) added and subsequent subparagraph
redesignated
20 KM-101 First sentence revised
26 KM-213 Paragraph below heading deleted
26 KM-230 In subpara. (a), second line revised
28 KM-234.1 Subparagraph (b) added and subsequent subparagraph
redesignated and revised
29 Table KM-234.2(a) General Note revised
29 KM-234.4 Added
30 KM-250 Title and paragraphs revised
30 KM-251 Revised
31 KM-253 “J-Integral” corrected by errata to “J-integral”

31 KM-261 In first sentence, “J-Integral” corrected by errata to “J-integral”
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Page
31

39

45

52
55
62

63
65
66
66
68
71
76
85
85

96

99

117
123
123
123
124
128
146

146
146

Location

KM-270

Table KM-400-1

Table KM-400-1M

Table KM-400-2
Table KM-400-2M
KM-620

Table KM-630
Table KM-630M
Table KM-630.1
Table KM-630.1M
KD-110

KD-200

KD-231.3

KD-313

KD-322

Table KD-320.1

Table KD-320.1M

KD-430
KD-620
KD-621
KD-623
KD-634
KD-740
KD-1021

KD-1022
KD-1023

Change

(1) Revised in its entirety
(2) Figures KM-270.1 through KM-270.3 (Figures KM-270.1M
through KM-270.3M) added

(1) For “1Cr-YsMo” and “1%,Ni-/,Cr-/4Mo,” Spec. No. 574
added

(2) Notes column updated

(3) Notes (5), (16), and (17) revised

(1) For “1Cr-Y%sMo” and “1%,Ni-%,Cr-,Mo,” Spec. No. 574
added

(2) Notes column updated

(3) Notes (5), (16), and (17) revised

Note (9) revised
Note (9) revised

Equation (KIM-620.2) added and subsequent equations
renumbered

In first column, “2%,Cr-'4,Mo” revised to “2%/,Cr-1Mo”
In first column, “2%/,Cr-'4,Mo” revised to “2%/,Cr-1Mo”
General Note revised

General Note revised

Subparagraph (i) revised

Subparagraph (e) revised

Opening paragraph and Step 3 revised

Revised

(1) Second paragraph added
(2) Line directly below eq. (KD-322.3) revised

(1) General Note (c) revised
(2) General Note (d) added, and subsequent General Notes
redesignated

(1) General Note (c) revised

(2) General Note (d) added, and subsequent General Notes

redesignated
In subpara. (b)(2), description for AK,revised
Subparagraph (e) added
First paragraph revised
Revised in its entirety
Subparagraph (c) added
Last paragraph added

(1) In title, subscript for variable revised
(2) In subpara. (b), last line revised

Revised

Revised
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Page
146
167
167
176
176
200
201
243
249

257
272
274
276

282
286

288

308
308
332

Location
KD-1024
KF-131
Figure KF-131
KF-400
KF-402
Part KR
KOP-100
KS-100
1-100

Mandatory Appendix 2
Figure 9-200.1
9-400

Nonmandatory
Appendix A

Table A-100.1
Table A-100.2

Form CRPV-2A

G-100
G-300

Nonmandatory
Appendix M

Change
Added
Revised
Title and General Note revised
Revised
Penultimate sentence revised
Deleted
Under title, Note added
Under subpara. (a)(7), “PHT” added in nomenclature

(1) Definitions of a, t, and AS,s x revised
(2) Definition of ™" AS,,ng deleted

Paragraph 2-124 deleted and subsequent paragraph redesignated
Existing General Note designated as (a), and General Note (b) added
Added

Cross-references updated

Under “Instructions” column, entry for (34) revised

(1) Former Table A-100.4 redesignated
(2) Under “Instructions” column, entry for (35) revised

For “Method of Measurement,” ASTM designator updated to delete
space after “D”

Subparagraph (a) revised
In nomenclature, definition of A5 revised

Deleted
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(23 CROSS-REFERENCING IN THE ASME BPVC

Paragraphs within the ASME BPVC may include subparagraph breakdowns, i.e., nested lists. The following is a guide to
the designation and cross-referencing of subparagraph breakdowns:

(a) Hierarchy of Subparagraph Breakdowns

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

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

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

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

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

(3) If X.1(c)(1)(-a) is referenced in X.1(e)(1), it will be referenced as (c)(1)(-a).
(4) If X.1(c)(1)(-a) is referenced in X.2(c)(2), it will be referenced as X.1(c)(1)(-a).
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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, design, fabrica-
tion, examination, inspection, testing, certification, and
pressure relief.

KG-102 DESCRIPTION

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

This pressure may be generated by

(a) an external source

(b) the application of heat from

(1) direct source
(2) indirect source
(c) a process 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
jurisdiction. Those laws or regulations may require the

use of this Division for vessels or components not consid-
ered to be within its scope. 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

DELETED

KG-110 GEOMETRIC SCOPE OF THIS
DIVISION

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

KG-111 EXTERNAL PIPING AND JACKETS

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

(a) the first threaded joint for screwed connections

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





