ASME BPVC.111.A-2023

N
-
N

SECTION I11
Rules for Construction of
Nuclear Facility Components

L3 V" )

SME Boiler and
2 O 2 i ressure Vessel Code

Q An Infernational Code
APPENDICES
O\Q



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

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-bpvciiia-2023-pdf/

AN INTERNATIONAL CODE

2023 ASME Boiler &

Pressure Vessel Code

2023 Edition July 1, 2023

RULES FOR CONSTRUCTION
OF NJCLEAR FACILITY
COMPONENTS

Appendices

ASME Boiler and Pressure Vessel Committee
on Construction of Nuclear Facility Components

% The American Society of

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


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

TABLE OF CONTENTS

LISt Of SECHIONS ...t xxii
FOreWOrd ... x v
Statement of Policy on the Use of the ASME Single Certification Mark and Code Authorization in Advertising oy
Statement of Policy on the Use of ASME Marking to Identify Manufactured Items ..................... XxVi
PersSOnMEl .. e e e . xxvii
Correspondence With the Committee ........ ... .. i i i s xlix
INtroduction . .. ... ... i > N - li
Organization of Section Il . ... .. .. e liv
Summary of Changes ... ... ..t e lvii
Cross-Referencing in the ASME BPVC . ... ... . e LN Ixi
Mandatory Appendices . ........... ... e 1
Mandatory Appendix I Design Fatigue Curves .................. 0 .. ... ..covuunn. 1
Mandatory Appendix II Experimental Stress Analysis and De. ‘rm 1ation of Stress In-
tensification Factors ............... ... .. ... ... ... o 26
Article 11-1000 Experimental Stress Analysis . oo ... 26
11-1100 Introduction and Scope .. . ... .. 26
11-1200 Permissible Types of Nor-yc.'= T :sts and Calculation of Stresses . 26
11-1300 Test Procedures . ..... e e 27
11-1400 Interpretation of Resuits ..o e 28
[1-1500 Cyclic Tests ..... R 28
11-1600 Determination of Fatigue Strength Reduction Factors ........... 30
11-1700 Experimentz' Stress Analysis of Openings ..................... 33
11-1800 Experime. 2l Determination of Stress Indices for Piping ........ 33
11-1900 Experinicnial Determination of Flexibility Factors .............. 33
Article 11-2000 Exp »'1m :ntal Determination of Stress Intensification Factors 34
[1-2100 [NroduCtion . .o e 34
11-2200 Defillitions . ... 34
11-2300 Test Procedure ... 34
11-2400 Stress Intensification Factor ................. ... ... ... .. ..., 35
11-2500 Variations in Materials and Geometry ........................ 36
11-2600 Test RePOrt ..ot e 36
Mandatory Appendix 1" Stress Intensity Values, Allowable Stress Values, Fatigue
Strength Values, and Mechanical Properties for Metallic
Materials ......... ... . 38
Article I1I-2 200 Determination of Allowable Stresses ....................... 38
[I-11¢9 Location of Design Stress Intensity, Allowable Stress, Yield Strength,
and Ultimate Tensile Values ............ ... ... .. oo, 38
[ 1200 Derivation of the Design Stress Intensity and Allowable Stress
Values ... 38
111-1300 Fatigue Strength Values for All Materials ...................... 38
111-1400 Mechanical and Physical Properties .......................... 38
Mandatory Appendix IV Approval of New Materials Under the ASME Boiler and Pressure
Vessel Code ......... ... i 39
Mandatory Appendix V Certificate Holder’s Data Report Forms and Instructions ..... 40

iii


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

Mandatory Appendix VI

Article VI-1000
VI-1100

Mandatory Appendix XI

Article XI-1000
XI-1100

Article XI-2000
XI1-2100

Article XI-3000
XI-3100
XI-3200

Mandatory Appendix XII

Article XII-1000
XII-1100

Article XII-2000
XII-2100

Mandatory Appendix XIII

Article XIII-1000
XIII-1100
XIII-1200
XIII-1300

Article XIII-2000
XII1-2100
XII1-2200
XII1-2300
XII1-2400
XII1-2500

XIII-2600
Article XIII-3000

XII1-3100
XIII-3150
XIII-3200
XIII-3300
XII1-3400
XIII-3500
XIII-3600
XIII-3700
XII1-38N0

Acticle XIII-- 000
XIN-1100u
X1:'-4200
XII1-4300
XII1-4400

Article XIII-5000
XIII-5100
XII1-5200

Rounded Indications .............. ... .. i

Rounded Indications .............. ... ... .. . .. i
Acceptance Standards for Radiographically Determined Rounded
Indicationsin Welds ........... ... i

Rules for Bolted Flange Connections .......................

Introduction .......... ... ... .. .. . .. e
General Requirements ............. ..o

Materials for Bolted Flange Connections ....................
Material Requirements ............ ...,

Design Requirements ................. ... ... ..o,
General Requirements ........... ...t
Class RF Flange Design ........... ...,

Design Considerations for Bolted Flange Connections . ...

Introduction and Scope .......... .. .. .. .. i
Introduction and Scope . ........ . i

Considerations ................ . it i
Considerations ..................v.n.

Design Based on Stress Analysis ...........................

General Requirements ...........
SCope o
Design Acceptability ....... B ¢
Terms Relating to Stress Avalysiz ... oo

Stress Analysis ..... ... ...
OVeIVIEW .t e e
Design Stress Values and Material Properties ..................
Derivation of Stress Intensities ........... .. ... o ity
Derivation nf Strec Differences for Evaluation of Cyclic Operation
Applicatic.:z ot lastic Analysis for Stresses Beyond the Yield

R 1 01
Classniication of Stresses . .......oouiiiiiiii i

s>irecs Limits for Other Than Bolts and CLASS CS Threaded
Structural Fasteners ................ .. .. ... ... ...
Primary Stress Intensity Limits ................ ... ... ... ...
Primary Stress Limits for Core Support Structures .............
Applications of Plastic Analysis ........... ... ... i,
External Pressure . ......... ...
Primary Plus Secondary Stress Limits ........................
Analysis for Fatigue Due to Cyclic Operation ...................
Testing Limits . ........ ...
Special Stress Limits ............. .. . . i
Deformation Limits .......... ...

Stress Limits for Bolts ................. ... ... ... .........
Design Conditions .............iiiiiiiiiiii i
Level A and Level B Service Limits ...........................
Level C Service Limits ........... ... i
Level D Service Limits ............ ... ... ... ..

Stress Limits for Class CS Threaded Structural Fasteners .. ...
Design Conditions ........... ..o iuiiiiiii i
Level A and Level B Service Limits .............. ... vt

103

103
103

1n5
105

106
106
110

122

122
122

123
123

125

125
125
125
125

131
131
131
132
133

134
134

139
139
142
142
142
142
144
147
148
149

150
150
150
151
151

152
152
152


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

XIII-5300
XI11-5400
XIII-5500

Mandatory Appendix XIII

Supplement XIII-1
XIII-1-100
XIII-1-200

Supplement XIII-II
Mandatory Appendix XVIII

Article XVIII-1000
XVIII-1100

Mandatory Appendix XIX

Article XIX-1000
XIX-1100
XIX-1200

Mandatory Appendix XXI

Article XXI-1000
XXI1-1100

Mandatory Appendix XXII

Article XXII-1000

XXII-1100
XXII-1200
XXII-1300

Mandatory Appendix XXIII

Article XXIII-1000
XXII1-1100
XXIII-1200
XXIII-1300

Mandatory Appendix X¥ilI
Supplement 1

Supplemer. ?

Supplemcnt 3

€up) lement 4
Mandatory Appendix XXIV
Ma..4atory Appendix XXV

Article XXV-1000
XXV-1100

Mandatory Appendix XXVI
Article XXVI-1000

Level C Service LImits ........cciiuiiiiiii i e i
Level D Service Limits ....... ...t e
Alternate Analysis ....... ..ot e

Supplements .............. ...

Cross-Referencing Guide ..................................
S0P e
How to Use the Tables ........... ... i,

Stress Categories and Stress Limits for Core Support Structures

Capacity Conversions for Pressure Relief Valves .........
Procedure for Conversion .............ooeiiiiineennnis

Integral Flat Head With a Large Opening ...................
General Requirements ..............o.iiiini i
Design Procedure .......................¢

Adhesive Attachment of Nameplates ..... .................

Requirements .....................
Introduction .......... ... i i e

Rules for Reinforcement of Cos = 1= Zylinder Junctions Under
External Pressure ..... . ..... ... .. .. .. .. .. .

Reinforcement of Cc re-10-Cy:lader Junctions Under External
Pressure .. ..... ... .
Introduction and S(OPe - ... .o it e e
Nomenclature
Design Pressure ......... ... i e

Qualifica.\an.: ana Duties of Certifying Engineers Performing
Certui~ation Activities ............. ... ... ... .. i

QuzViucstionsand Duties .............. ... i
S D L e e e
Quanfications . ... ... e
D 1 1=

Supplements ............. ...

Mandatory Requirements for Demonstrating Certifying Engi-
neer Qualifications ................. .. .. ... .. oo

Mandatory Requirements for Establishing ASME Code
Knowledge .......... .. ... i

Mandatory Certification Requirements .....................
Nonmandatory Sample Statements .........................
Standard Units for Use in Equations .......................
ASME-Provided Material Stress-StrainData .................

Introduction ............ ... ... . . . e
Stress-Strain Data ............ ... ... e e

Rules for Construction of Buried Polyethylene Pressure Piping

General Requirements .................. ... ... . ... ...

174

174
174
174
175

178

178
178
178
180

183

183

184
193
194
197
198

198
198

199
199


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

XXVI-1100
XXVI-1200
XXVI-1300

Article XXVI-2000
XXVI-2100
XXVI-2200
XXVI-2300
XXVI-2400
XXVI-2500

Article XXVI-3000
XXVI-3100
XXVI-3200
XXVI-3300
XXVI-3400

Article XXVI-4000
XXVI-4100
XXVI-4200
XXVI-4300
XXVI-4400
XXVI-4500
XXVI-4600
XXVI-4700

Article XXVI-5000
XXVI-5100
XXVI-5200
XXVI-5300
XXVI-5400
XXVI-5500

Article XXVI-6000
XXVI-6100
XXVI-6200
XXVI-6300

Article XXVI-7000

Article XXVI-8000
XXVI-8100

Article XXVI-9000
XXVI-9100

Mandatory Appendix XX\
Supplement XVI-,
Supplement .’XVi-1I1A
Supplen. =nt XXVI-IIB
Cup, leme 1t XXVI-III

«.onn.~.ndatory Appendix XXVI
Supplement XXVI-A
Supplement XXVI-B
Supplement XXVI-C
Supplement XXVI-D

S0P o e e
Qualification of Polyethylene Material Organizations ............
Certificate Holder Responsibilities ...........................

Materials ....... ... .. .
General Requirements for Materials ..........................
Polyethylene Compound and Material Requirements ............
Polyethylene Material Fusing Verification Testing ..............
Repair of Material ............ ... . i
General Requirements for Quality Testing and Documentation

Soil and Surcharge Loads ........... ..o
Temperature Design .......... ... .. .. i
Seismic Design ........ ..o

Fabrication and Installation ............................

General Requirements ................oiiiiiiiiiin
Forming, Fitting, and Aligning .................c... 00 .. ...,
Fusing Qualifications ............ ... .. .. . o i,
Rules Governing Making, Examining, and Rep~iring ¥ sed ]omts

Mechanical Joints ............ i
Pipe Supports . ... ..
Thrust Collars Using Polyethylene i"aterial ....................

Examination ............. .. . .. . 0 e
General Requirements for Examiiation .......................
Examinations ........... T
Acceptance Standards ...
Qualification and Certifi-atich of NDE Personnel ...............
ReCOrds ... .o e

Testing ....... T
General Reauiiine “1ts .....................................
Hydrostarin 1emis o e
Pressurc Test Gages ....... ..o

Ovivpr >ssure Protection .................... ... ... ... . ...

Na.o: plates, Stamping, and Reports ........................
General Requirements . ... ... i

GlOSSATY . ... i e
GloSSaTY ottt

Supplements ............. ...
Polyethylene Standards and Specifications ..................
Part A: Ultrasonic Examination of High Density Polyethylene .
Part B: Microwave Examination of High Density Polyethylene

Data Report Form .............. ... .. ... i,
Supplements ............ ...
Butt-Fusing Machine Operator Qualification Training ........
Unacceptable Fusion Bead Configurations ..................
Alternative Seismic Analysis Method .......................

Electrofusion Operator Qualification Training ...............

vi

199
199
199

200
200
200
206
207
207

212
212
16
217
218

228
228
231
231
236
237
239
239

240
240
241
241
244
245

246
246
246
247

249

250
250

251
251

252
252
253
255
258
259
259
262
263
263


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

Supplement XXVI-E

Nonmandatory Method for Pressure Design of PE Flanged

Joints ... ... e 265
XXVI-E-100 S0P ot 265
XXVI-E-200 DS N o 265
XXVI-E-300 Predesigned Joint Configurations ............... ... ... ...\, 267
Supplement XXVI-F Sidewall-Fusing Machine Operator Qualification Training . ... 267
XXVI-F-100 S0P 267
XXVI-F-200 Training .......ooi 26
XXVI-F-300 Assessment and Testing . .......... ... i .80
XXVI-F-100 Reassessment . .........ouiiiiii i e 2¢l
Mandatory Appendix XXVII Design by Analysis for Service Level D ................: 282
Article XXVII-1000 Introduction ........... ... .. ... ... ..t 282
XXVII-1100 S0P e 282
XXVII-1200 Applicability ....... .. . 282
XXVII-1300 Intent of Level D Service Limits ............. .. oot 282
XXVII-1400 Terms Related to Analysis ............cciii ... 282
Article XXVII-2000 Methods and Requirements for Analyses ... .... .......... 283
XXVII-2100 Introduction ......... ... .. 283
XXVII-2200 System Analysis .................. N 283
XXVII-2300 Component Analysis ................¢ P 283
XXVII-2400 Material Properties ............0 ... i 283
Article XXVII-3000 Component Acceptability . ... .............. ... ... .. ... 285
XXVII-3100 INtroduction . ....... ool i e 285
XXVII-3200 Elastic Analysis ... .. . e 285
XXVII-3300 Inelastic Analyses . ... ... it e 285
XXVII-3400 Compressive STress2s . ...t e 286
XXVII-3500 Bearing and Shear S vesses ... ... e 286
XXVII-3600 Bolted Joints . ... .. oo 286
Mandatory Appendix XXVIII Rules for Coi struction of Powder Metallurgy-Hot Isostatic
Prescnd fteins . ... ... e 287
Article XXVIII-1000 Gereral Requirements .............. .. ... .. i 287
XXVIII-1100 D e 287
XXVIII-1200 Quaiification of PM-HIP Organizations ........................ 287
XXVIII-1300 ‘ artificate Holder Responsibilities ........................... 287
Article XXVIII-2000 Materials ....... ... .. . 288
XXVIII-2100 General Requirements for Materials .......................... 288
XXVIII-2110 S0P it e 288
XXVIII-2120 Definitions . ..... ... 288
Article XXVII'«-5700 Specific Requirements ................. ... .. ... ... ... 289
XXVIII-3100 316L Stainless Steel Powder Requirements .................... 289
XXVIII-3200 Chemical Composition Requirements ......................... 289
XXVIIy 3300 Hot [sostatic Pressing and Heat Treatment Requirements ....... 289
XXV1-400 Mechanical Testing and Microstructural Requirements .......... 289
X VIII-3.200 Examination Requirements ............... ... ... . it 289
XXV1il-3000 Additional Requirements .............. .. . i 289
XaVIII-3700 Design Requirements ..............ccoiiiiiniiiniinnannn 290
Nonmandatory APPendiCes . ... ... ... ...ttt e 291
Nonmandatory AppendiX A . e e 291
Article A-1000 Stress Analysis Methods ..................... ... ... .. .... 291
A-1100 Introduction . ....... ... .. 291

vii


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

Article A-2000
A-2100
A-2200

Article A-3000
A-3100
A-3200

Article A-4000

A-4100

Article A-5000
A-5100
A-5200

Article A-6000
A-6100
A-6200

Article A-7000
A-7100

Article A-8000
A-8100

Article A-9000
A-9100
A-9200
A-9300
A-9400
A-9500

Nonmandatory Appendix B

Article B-1000
B-1100
B-1200

Article B-2000
B-2100
B-2200
B-2300

Article B-3000
B-3100

Article B-4090
B-4100
B-4200
B-4300

A:ticlc B-50)0
B-5.90
B-720v0
R3-5300

Article B-6000
B-6100

Article B-7000
B-7100

Analysis of Cylindrical Shells ..............................

Introduction .......... ... i e e

Stress Intensities, Displacements, Bending Moments, and Limiting
Values ..o e e e e

Analysis of Spherical Shells ...............................
Introduction . ........ ...
Stress Intensities, Bending Analysis, Displacements, and Edge Loads

Design Criteria and Equations for Torispherical and Ellipsoidal
Heads ......... ... ... .
Introduction ........... ... . i

Analysis of Flat Circular Heads ............................
Introduction ......... ..t e e
Loads, Displacements, and Geometry Constants .........

Discontinuity Stresses ............. ... ... ... .o ..
Introduction . ....... ... .. i e
Method of and Procedure for Discontinuity Analysis <. . .......

Thermal Stresses ................ ... R D
Introduction ........................ . B

Stresses in Perforated Flat Plates ....... I A
Introduction ......... . ... e e

Interaction Method ..........
Introduction ............
Interaction Equations ..: :
Allowable Loads and Stresse. ...
New Interaction Equatiins .............. ..
Determination of Allowa.le 3ending Strength of Beams by the Ap-

parent Stress Method .......... ... .. .. . i i

Owner’s Desi . Ynecnications .............................

Introdurzion cd Scope . ... ...
Introducion L
Scovne of Lertified Design Specification ........................

uonevic Requirements ...
_ertiried Design Specification Requirements ...................
Operability . ..... ...
Regulatory Requirements ................iuuiiiiinnennenn.n.

Specific Vessel Requirements ..............................
Certified Design Specification Requirements ...................

Specific Pump Requirements ..............................
Certified Design Specification Requirements ...................
Operability Requirements for Pumps .........................
Regulatory Requirements .............. ...

Specific Valve Requirements ..............................
Certified Design Specification Requirements ...................
Operability Requirements for Valves .........................
Regulatory Requirements ............. ... ... . i,

Specific Piping Requirements ..............................
Certified Design Specification Requirements ...................

Specific Containment Requirements ........................
Certified Design Specification Requirements ...................

viii

292
292

293

295
295
296

3n1
301

303
303
303

307
307
307

314
314

315
315

328
328
328
329
330

331
340

340
340
340

341
341
345
345

346
346

347
347
347
347

348
348
348
349

350
350

351
351


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

Article B-8000
B-8100
B-8300

Article B-9000
B-9100

Article B-10000
B-10100

Nonmandatory Appendix C

Article C-1000
C-1100
C-1200
C-1300
C-1400

Nonmandatory Appendix D

Article D-1000
D-1100
D-1200

Nonmandatory Appendix E

Article E-1000
E-1100
E-1200

Nonmandatory Appendix G
Article G-1000

Article G-2000
G-2100
G-2200
G-2300
G-2400

Article G-3000
G-3100

Article G-4000
G-4100

Nonmandatory Appendix L

Article L-1000
L-1100

Article L-2000
L-2100

Article L-3000
L-3100
L-3200

Nonmandatory Appendix M

Article M-1000
M-1100
M-1200
M-1300

Specific Support Requirements

Certified Design Specification Requirements ...................

Regulatory Requirements ......

Specific Core Support Structures Requirements .............
Certified Design Specification Requirements ...................

Specific Parts and Miscellaneous Items Requirements .......
Certified Design Specification Requirements ...................

Certificate Holder’s Design Report .........................

Introduction .................
Thermal Analysis .............
Structural Analysis ...........
Fatigue Evaluation ............

Preheat Guidelines ..........

Guidelines ..................
Introduction .................
Ferrous Materials ............

Minimum Bolt Cross-Sectional Area ........................

Introduction and Scope ......
Introduction .................
Design Cross-Sectional Area ... .

Fracture Toughness Criteria for Protection Against Failure ...

Introduction ................

Vessels .....................
General Requirements ........
Level A and B Service Limits ...
Level C and D Service Limits ...

Hydrostatic Test Temperature

Piping, Pumps, and Valves ...
General Requirements ........

Bolting .....................
General Requirements ........

Class FF Flange Design .......

Class FF Flanges — Introduction
General Requirements ........

Class FF Flanges — Materials

Material Requirements ........

Class FF Flanges — Design ...
General Requirements ........

Design of Flanges and Bolting

Recommendations for Control of Welding, Postweld Heat
Treatment, and Nondestructive Examination of Welds .....

Recommendations ...........
Introduction .................
Welding Procedure Specifications

Welding Performance Qualification and Assignment ............

352
352
352

353
353

355
355

356

356
356
357
357
358

359

359
359
359

362

362
362
362

364
364

365
365
365
372
372

374
374

375
375

376

376
376

377
377

378
378
381

391

391
391
391
392



M-1400
M-1500
M-1600
M-1700

Nonmandatory Appendix N

Article N-1000
N-1100
N-1200
N-1300
N-1400
N-1500
N-1600
N-1700
N-1800

Nonmandatory Appendix O

Article 0-1000
0-1100
0-1200
0-1300
0-1400

0-1500
Nonmandatory Appendix P

Article P-1000
P-1100
P-1200
P-1300
P-1400

Nonmandatory Appendix Q

Article Q-1000
Q-1100

Nonmandatory Appendix R

Article R-1000
R-1100
R-1200

Nonmandatory Appendix S

Article S-1000
S-1100
S-1200
S-1300
S-1400
S-1500
S-1600

Article S-2000
S-2100
S-2200
S-2300
S-2400

Control of Welding ............
Nondestructive Examination of Welds
Postweld Heat Treatment .......

Examination and Dimensional Inspection .....................

Dynamic Analysis Methods

General .....................
Introduction and Scope ........
Seismic Analysis ..............

Flow-Induced Vibration of Tubes and Tube Banks ..............

Dynamics of Coupled Fluid-Shells
Fluid Transient Dynamics ......

Miscellaneous Impulsive and Impactive Loads .................

Combined Responses ..........

References to Nonmandatory Appendix N .....................

Rules for Design of Safety Valve Installations ...............

Introduction and Scope .......
Scope and Definitions ..........

Method of and Procedure for Load Computation ...............

Stress Evaluation Open System

Closed Discharge Systems — Open Discharge Systems With Long
Discharge Pipes — Systems With Slug Flow .................

Design Considerations .........

Certified Material Test Reports
Introduction ..................

General Required Information

Information Required Under Specific Circumstances ............

Execution ....................
Design Rules for Clamp Connections

Rules for Clamp Connections
Introduction ..................

Determination of Permissible Lowest Service Metal Tempera-

ture From Ty pt for Division 1, Classes 2 and MC; and Division

3, Class WC Construction

Permissible Lowest Service Metal Temperature .............

Introduction ..................

Determination of Permissible Lowest Service Metal Temperature .

Pump Shaft Design Methods

Introduction ..................
Scope ...
Design Requirements ..........
Responsibility ................
Operating Loads ..............
Shaft Failure Modes ...........

Design Procedure ............
Critical Speeds ................
Maximum Torsional Load .......
Shaft Evaluation ...............
Other Considerations ..........

392
392
392
392

393

393
393
394
422
439
446
446
446
453

459

459
459
460
461

461
462

463

463
463
463
463
464

465

465
465

472

472
472
472

474

474
474
474
474
474
474
475

477
477
477
477
477



Nonmandatory Appendix T

Article T-1000
T-1100
T-1200

Nonmandatory Appendix U

Article U-1000
U-1100
U-1200
U-1300
U-1400

Nonmandatory Appendix W

Article W-1000
W-1100
W-1200

Article W-2000
W-2100
W-2200
W-2300
W-2400
W-2500
W-2600
W-2700
W-2800
W-2900

Article W-3000
W-3100
W-3200
W-3300
W-3400

Article W-4000
W-4100
W-4200
W-4300

W-4400
Nonmandatory Appendix Y

Article Y-1000
Y-1100

Article Y-2000

Y-2100
Y-2200
Y-2300
Y-2400
Y-2500

Article Y-3000

Y-3100
Y-3200

Recommended Tolerances for Reconciliation of Piping Systems

Introduction and Scope .......... ... ... i
Introduction .......... .. i e
Total Tolerances . .........cciiiiiiiii ittt

Rules for Pump Internals .................................

General ............. ...
Introduction ........ .. ... i e
General Requirements ................iiiiiiiiiiiiiiianay
Materials .. ... .ot e
Fabrication Requirements ............. .. .. ...,

Environmental Effects on Components .....................
Introduction ............ .t e
Section XI and Plex Applications .............. .. .. i,

Summaries of Corrosion Damage Mechanisms ..............
Stress Corrosion Cracking .............ouiiiiiiniianannen..
General Corrosion or Wastage .............coviiininnnnnann.
Pitting COTrosion .......... ..o
Crevice Corrosion and Denting .............. ...,
Intergranular Corrosion Attack ................. ... . it
MIC and Fouling ....... ...
Environmental Effects on Fatigue-Life Crack Initiation and Growth
Flow-Accelerated Corrosion ...............couuiiiiinnennannnn
Erosion ... e

Summaries of Embrittlement Damage Mechanisms ..........
Irradiation-Assisted Stress Corrosion Cracking (IASCC) ..........
Thermal Aging Embrittlement ................ .. ... ... .. ....
Irradiation Embrittlement ............ ... .. ... ... .,
Hydrogen Damage Embrittlement ............................

Summaries of Other Damage Mechanisms ..................
Frettingand Wear ......... ...t
Thermal Fatigue ......... ...
Dynamic Loading — Vibration, Water Hammer, and Unstable Fluid

FlowW

Evaluation of the Design of Rectangular and Hollow Circular
Cross Section Welded Attachments on Piping .............

Introduction and Scope .......... ... .. ...
Introduction ............ i e

Procedure for Evaluation of the Design of Rectangular Cross
Section Attachments on Class 1 Piping ...................
Introduction . ....... ... ..
Limitations to Applicability ............ ... ... ... . ..
Nomenclature and Definitions (See Figure Y-2300-1) ...........
Evaluation Procedure ............ ... ..o
Analysis Documentation ............ .. ... i

Procedure for Evaluation of the Design of Rectangular Cross
Section Attachments on Class 2 or 3 Piping ...............

Introduction ........... .0 i

Limitations to Applicability ............ ... .. ... .. ..

xi

479

479
479
480

486

486
486
486
486
499

503

503
503
505

506
506
512
516
518
519
521
523
524
527

529
529
531
533
537

540
540
541

544
548

551

551
551

552
552
552
552
553
554

555
555
555



Y-3300
Y-3400
Y-3500

Article Y-4000

Y-4100
Y-4200
Y-4300
Y-4400
Y-4500

Article Y-5000

Y-5100
Y-5200
Y-5300
Y-5400
Y-5500

Nonmandatory Appendix Z

Article Z-1000
Z-1100
Z-1200
Z-1300
Z-1400
Z-1500

Nonmandatory Appendix AA

Article AA-1000
AA-1100
AA-1200
AA-1300

Nonmandatory Appendix BB

Article BB-1000
BB-1100

Article BB-2000
BB-2100

Article BB-3000
BB-3100
BB-3200
BB-3300

Article BB-4000
BB-4100

Article BB-5000
BB-5100

Article BB-6000
BB-6100

Article BB-7000
BB-7100

Nomenclature and Definitions (See Figure Y-3300-1) ...........
Evaluation Procedure ............ ... ..
Analysis Documentation ............ .. ... i

Procedure for Evaluation of the Design of Hollow Circular Cross

Section Welded Attachments on Class 1 Piping ............
Introduction . ....... ... ..
Limitations to Applicability ............ ... ... ... .. . ..
Nomenclature and Definitions (See Figure Y-4300-1) ...........
Evaluation Procedure ............ ... ..oty
Analysis Documentation ........... ... ... i

Procedure for Evaluation of the Design of Hollow Circular Cross

Section Welded Attachments on Class 2 and 3 Piping ......
Introduction ........ .. .. i
Limitations to Applicability ............ ... ... ... i ..
Nomenclature and Definitions (see Figure Y-5300-1) ...........
Evaluation Procedure ............. .. .o
Analysis Documentation .............. .. .

Interruption of Code Work ................................
Introduction .......... ... i e e e
Definitions ... ... i e e
Documentation ........... it e e e
Other Considerations ................cciiiiiiiiiiiennnnnn..
Resumption of Code Activities ............ ... oiiiiiiinan..

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

S0P .. e
Use of Units in Equations ............ ...,
Guidelines Used to Develop SI Equivalents ....................
Soft Conversion Factors ........... ... ...

Metallic Braided Flexible Hose ............................

Material .......... ... .. e e
Sheaths, End Pieces, and Braids ............. .o,

Design . ... e
Design Factors ............ .
General Design Requirements .............. .. c.ciiiininnnn..
Special Design Requirements ............. ... ...,

Fabrication .......... ... ... . .. . . .
Requirements . ........ ... e

Examination ............... . ... .. . ... e
Procedures .......... . e e

Testing ..........o i
Hydrostatic and Pneumatic Testing ..........................

Certification ............ ... .t
Provisions . ...

Xii

555
556
557

558
558
558
558
559
560

561
561
561
561
562
563

564

564
564
564
564
564
565

566

566
566
566
568

569

569
569

570
570

571
571
571
571

573
573

574
574

575
575

576
576



Nonmandatory Appendix CC

Article CC-1000
CC-1100

Article CC-2000
CC-2100

Article CC-3000
CC-3100

Article CC-4000
CC-4100

Article CC-5000
CC-5100

Article CC-8000

CC-8100
Nonmandatory Appendix DD

Article DD-1000
DD-1100

Nonmandatory Appendix EE

Article EE-1000
EE-1100
EE-1200

Nonmandatory Appendix FF

Article FF-1000
FF-1100

Nonmandatory Appendix GG

Article GG-1000
GG-1100

Nonmandatory Appendix HH

Article HH-1000
HH-1100
HH-1200
HH-1300
HH-1400
HH-1500

Nonmandatory Appendix JJ

Article JJ-1000
J]-1100
J]-1200
J]-1300
J]-1400

Nonmandatory Appendix KK

Article KK-1000
KK-1100
KK-1200

Alternative Rules for Linear Piping Supports ...............

Introduction ............ ... ... . i i
Introduction ......... ... e

Materials ....... ... . .
Material Requirements .............. .. it

DesSign . ...
Design Requirements ............. ... oot

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

Examination ............. .. .. .. . . .
Examination Requirements ............. ... . ... .. i,

Nameplates, Stamping With Certification Mark, and Data
Reports . ... .. e
General Requirements ............ ...ttt

Polyethylene Material Organization Responsibilities Diagram

Introduction ............ ... ... . . i i e
S0P o e e

Strain-Based Acceptance Criteria Definitions and Background
Information ........... ... .. .. ..

Strain Information .............. ... ... .. . . . ..
Definitions ...ttt e e e e
Background Information ............. ... ... i

Strain-Based Acceptance Criteria for Energy-Limited Events ..

Acceptance Criteria ............ ... ... .. i
Strain-Based Acceptance Criteria ............. .. .. oot

Minimum Thickness for PipeBends ........................

Minimum Thickness for PipeBends ........................
S0P o e

Rules for Valve Internal and External Items ................

Requirements ......... ... ... ... . .. e
Introduction .......... ... e
General Requirements ................iiiiiiiiiiiiiiaa
Materials .. ... i
Design Requirements ............. ... i,
Fabrication Requirements ............. ..

Evaluation of Thermal Stratification in Class 1 Piping Systems

Criteria .......... . i
S0P o e
Load Definition ........ ... ..
Stress Analysis per NB-3600 ........... ...,
Stress Analysis per NB-3200 ............cciiiiiiiinnn..

Division 5 Design Specifications ...........................

Introduction and Scope .......... .. ... ... i
Introduction .......... ... i e
Design Specification Format ................ ... . ... .. .......

xiii

577

577
577

578
578

579
579

580
580

581
581

582
582

583

583
583

585

585
585
588

595

595
595

599

599
599

600

600
600
600
600
603
604

625

625
625
625
625
627

628

628
628
629



KK-1300 Scope of Design Specification ............ ... .. ... ... L 629

Article KK-2000 Generic Requirements ................ ... .. .. ... .. ... 630
KK-2100 Design Specification Requirements ........................... 630
KK-2200 Functionality .......... ... i 635
KK-2300 Regulatory Requirements ..............c.ciiiiiiininnnann. 635
KK-2400 Additional Elevated Temperature Requirements ............... 635
Article KK-3000 Specific Vessel Requirements .............................. 638
KK-3100 Design Specification Requirements ........................... 638
Article KK-4000 Specific Pump Requirements .............................. 639
KK-4100 Design Specification Requirements ........................... 639
KK-4200 Functionality Requirements for Pumps ....................... 639
Article KK-5000 Specific Valve Requirements .............................. 640
KK-5100 Design Specification Requirements ........................... 640
KK-5200 Functionality Requirements for Valves ........................ 640
Article KK-6000 Specific Piping Requirements .............................. 642
KK-6100 Design Specification Requirements ................. ... ....... 642
Article KK-7000 Specific Support Requirements ............................ 643
KK-7100 Design Specification Requirements ........................... 643
Article KK-8000 Specific Core Support Structures Requirements ............. 644
KK-8100 Design Specification Requirements ........................... 644
KK-8200 Additional Elevated Temperature Requirements ............... 645
Article KK-9000 Specific Parts and Miscellaneous Items Requirements ....... 646
KK-9100 Design Specification Requirements ........................... 646
Article KK-10000 Nonmetallic Core Components and Core Assemblies ......... 647
KK-10100 Design Specification Requirements ........................... 647
KK-10200 Additional Nonmetallic Core Component Requirements ......... 652
KK-10300 Nonmetallic Design Specification Requirement Paragraph List .. .. 652
Nonmandatory Appendix LL Division 3 Design Specifications and Fabrication Specifications 654
Article LL-1000 Introduction and Scope .......... ... ... ... 654
LL-1100 Introduction . ....... ... .. 654
LL-1200 Scope of Design Specification .............. ... .. ... ... ... 655
LL-1300 Scope of Fabrication Specification ............................ 655
Article LL-2000 Generic Requirements ................... .. .. ... . .. 656
LL-2100 Design Specification Requirements ........................... 656
LL-2200 Fabrication Specification Requirements ....................... 659
LL-2300 Functionality .......... ... 659
LL-2400 Regulatory Requirements .............. oo 660
Article LL-3000 Specific Transportation Containment Requirements ......... 661
LL-3100 Design Specification Requirements ................. ... .. ..... 661
Article LL-4000 Specific Storage Containment Requirements ................ 663
LL-4100 Design Specification Requirements ........................... 663
Article LL-5000 Specific Internal Support Structures Requirements .......... 665
LL-5100 Design Specification Requirements ........................... 665
Article LL-6000 Specific Parts Requirements ............................... 666
LL-6100 Design Specification Requirements ........................... 666

Xiv



Nonmandatory Appendix MM ... e e

Article MM-1000 Linearization of Stress Results for Stress Classification ......
MM-1100 Introduction . ........ ...t e
MM-1200 General ... .. e e e e
MM-1300 Nomenclature . .........outiiiii it i e e e e
MM-1400 Selection of Stress Classification Lines ........................
MM-1500 Stress Integration Method ............. ... .. .. .. ...
MM-1600 References to Nonmandatory Appendix MM ...................

Nonmandatory Appendix NN .

Article NN-1000 Removal of External Surface Defects and Repairs to Stamped
COomPpPonents . .............uiuiii e
NN-1100 Introduction . ....... ... .. i
Article NN-2000 Elimination of External Surface Defects ....................
NN-2100 Defect Elimination ......... ... ...
NN-2200 Pressure Testing .......... ...t
NN-2300 Repair Activities ...... ...
Article NN-3000 Repairs To Stamped Components ..........................
NN-3100 Requirements .......... ... i
FIGURES
[-9.1 Design Fatigue Curves for Carbon, Low Alloy, and High Tensile Steels for Metal Tempera-
tures Not Exceeding 700°F ... ... o i
[-9.1M Design Fatigue Curves for Carbon, Low Alloy, and High Tensile Steels for Metal Tempera-
tures Not Exceeding 370°C ... ...ttt s
[-9.2 Design Fatigue Curves for Austenitic Steels, Nickel-Chromium-Iron Alloy, Nickel-Iron-
Chromium Alloy, and Nickel-Copper Alloy for Temperatures Not Exceeding 800°F
[-9.2M Design Fatigue Curves for Austenitic Steels, Nickel-Chromium-Iron Alloy, Nickel-Iron-
Chromium Alloy, and Nickel-Copper Alloy for Temperatures Not Exceeding 425°C
[-9.3 Design Fatigue Curves for Wrought 70 Copper-30 Nickel Alloy for Temperatures Not Ex-
ceeding BO0C F ... . e e
[-9.3M Design Fatigue Curves for Wrought 70 Copper-30 Nickel Alloy for Temperatures Not Ex-
ceeding 4250 ..
[-9.4 Design Fatigue Curves for High Strength Steel Bolting for Temperatures Not Exceeding
00 e e e e
[-9.4M Design Fatigue Curves for High Strength Steel Bolting for Temperatures Not Exceeding
3700 e e
[-9.5 Design Fatigue Curves for Nickel-Chromium-Molybdenum-Iron Alloys (UNS N06003,
N06007, N06455, and N10276) for Temperatures Not Exceeding 800°F ............
[-9.5M Design Fatigue Curves for Nickel-Chromium-Molybdenum-Iron Alloys (UNS N06003,
N06007, N06455, and N10276) for Temperatures Not Exceeding 425°C ............
[-9.6 Design Fatigue Curves for Grade 9 Titanium for Temperatures Not Exceeding 600°F
[-9.6M Design Fatigue Curves for Grade 9 Titanium for Temperatures Not Exceeding 315°C
1-9.7 Design Fatigue Curves for Nickel-Chromium Alloy 718 (SB-637 UNS N07718) for Design of
2 in. (50 mm) and Smaller Diameter Bolting for Temperatures Not Exceeding 800°F
(A27°0) e e
1-9.8 Design Fatigue Curves, ksi, for Ductile Cast Iron ............ .. ... . ...
1-9.8M Design Fatigue Curves, MPa, for Ductile CastIron ........... ... ..o oiiiiinnann...
11-1430-1 Construction for II-1430 . .. ... .t e

11-1520(c)-1
11-1520(c)-2
11-2310-1
11-2330-1

Construction of the Testing Parameters Ratio Diagram .............................
Construction of the Testing Parameters Ratio Diagram for Accelerated Tests ..........
Schematic of Test Assembly . ....... ... i e e e
Displacement D and Force F Recorded During Loading and Unloading of Test Specimen,

With Linear Displacement . ..............iiiiiii e

XV

667

667
667
667
667
667
669
669

671

671
671

672
672
672
672

673
673

10

11

12

13

14

15
17
18

20
22
23
29
31
32
34

35



VI-1134-1
VI-1134-2
VI-1136-1
VI-1136-2
VI-1136-3
VI-1136-4
VI-1136-5
VI-1136-6
X1-3120-1
XI-3240-1
XI-3240-2
XI-3240-3
X1-3240-4
X1-3240-5
XI-3240-6
XIII-1300-1
XII1-1300-2
XII1-2100-1
XII1-3770-1
XIII-5200-1
XII-11-1

XII-11-2

XIII-I1-3

XVIII-1110-1

XVIII-1110-1M

XVIII-1140-1

XVIII-1140-1M

XIX-1110-1
XIX-1110-2
XXVI-2234-1
XXVI-3132-1
XXVI-4110-1
XXVI-4110-2
XXVI-4110-3
XXVI-4230-1
XXVI1-4520-1
XXVI-4520-2
XXVI-5220-1
XXVI-5220-2
XXVI-5220-3
XXVI-5321-1
XXVI-5330-1
XXVI-B-1
A-2120-1
A-3120-1
A-5120-1
A-5212-1
A-5213-1
A-5221-1
A-5222-1
A-6230-1

Aligned Rounded Indications .......... ... oot

Groups of Aligned Rounded Indications ............. .. .. i,
Charts for ¢t Equal to % in. to %, in. (3 mm to 6 mm), Inclusive ......................
Charts for t Over Y, in. to % in. (6 mm to 10 mm), Inclusive .................c.ou....
Charts for t Over % in. to %, in. (10 mm to 19 mm), Inclusive ......................
Charts for t Over ¥, in. to 2 in. (19 mm to 50 mm), Inclusive .......................
Charts for ¢ Over 2 in. to 4 in. (50 mm to 100 mm), Inclusive .......................
Charts for £ Over 4 in. (100 MM) . ...ttt e et
Types of Flanges .. ... .
Values of T, U, Y, and Z (Terms Involving K) ......... i
Values of F (Integral Flange Factors) ............. e
Values of V (Integral Flange Factors) ............. e
Values of F; (Loose Hub Flange Factors) ............. oo
Values of V;, (Loose Hub Flange Factors) ............ ...
Values of f (Hub Stress Correction Factor) .......... .. .. i,
Example of Acceptable Local Primary Membrane Stress Due to Pressure ..............
Examples of Reversing and Nonreversing Dynamic Loads ..........................
Stress Classification Combinations ............ ...
Local Thin Area in a Cylindrical Shell ......... .. ... .. i
Stress Intensity Limits for Design of Threaded Structural Fasteners ..................

Stress Categories and Limits of Stress Intensities for Design Loadings for Core Support
SETUCHUTES e e e e e
Stress Categories and Limits of Stress Intensities for Service Levels A and B for Core Sup-
POTt STTUCTUIES . oottt et e e e e e e e e e e
Stress Categories and Limits of Stress Intensities for Service Level C for Core Support
SETUCEUTES . it e e e
Constant C for Gas or Vapor Related to Ratio of Specific Heats (k =c,/c,)) ............
Constant C for Gas or Vapor Related to Ratio of Specific Heats (k =c,/c,)) ............
Flow Capacity Curve for Rating Nozzle Type Safety Valves on Saturated Water (Based on
10 OVEIPIeSSUIE) . vt ittt ettt et e e et et e e e e et e e e e
Flow Capacity Curve for Rating Nozzle Type Safety Valves on Saturated Water (Based on
10% OVEIPIeSSUIR) . vttt ittt et ettt et e e e e e e e et e et e e e
Applicable Configurations of Flat Heads ............ ... .o
Integral Flat Head With Large Central Opening ............. ..o i,
Thrust Collars . .. ... e
Nomenclature for Mitered EIbows .......... ..
Thermal Fusion Butt Joint ........ ... i i e i e e e
Electrofusion Joint . ... ... ... i i i e e e e
Sidewall Fusion Joint . ...... ... i e
Tapered Transition Joint .. ... .. ... e e
Transition Flange Arrangement . .......... ..ottt
Transition Flange Arrangement (HDPE to HDPE) ........ ... .. ... .. i,
Butt Fusion Pipe Joint Examination Volume ............... ... ... .. ... ... ... ... ..
Electrofusion Joint Examination Volume ........... ... ... . .. i
Sidewall-Fusion Joint Examination Volume ............ ... ... ... i i
Polyethylene Pipe Butt Fusion Joint O.D. Bead (Cross-Section View) ..................
Laminar Flaws .. ... e

Xvi

97

98

99

99
100
100
101
102
107
117
118
119
120
120
121
127
129
132
149
154

158

159

160
166
167

167

168
170
171
204
220
228
229
230
232
238
239
242
242
243
243
244
262
292
297
303
304
304
304
305
308



A-6230-2
A-6230-3
A-6230-4
A-6230-5
A-8120-1
A-8131-1
A-8132.1-1
A-8132.2-1
A-8132.3-1
A-8132.4-1
A-8142-1
A-8142-2
A-8142-3
A-8142-4
A-8142-5
A-8142-6
A-8143.2-1
A-8153-1
A-9210(d)-1

A-9523.1-1
A-9531-1
A-9532(c)(3)-1
A-9533(b)-1
A-9541-1
A-9541-2
A-9541-3
A-9541-4
A-9542-1

B-2123-1
G-2210-1
G-2210-1M
G-2214-1
G-2214-1M
G-2214-2
G-2223-1
L-3191-1
L-3191-2
L-3230-1
L-3230-2
L-3230-3
N-1211(a)-1
N-1211(b)-1
N-1211(a)-1M
N-1211(b)-1M
N-1226-1
N-1226-2

N-1228.3-1
N-1321-1
N-1321-2
N-1323-1

N-1331-1
N-1331-2

Interaction Curve for Beams Subject to Bending and Shear or to Bending, Shear, and Direct
L0adS .o e e
Sign Convention and Nomenclature ........... ... .. i,
Bending and Shear Stresses ........... ..ot
Interaction EXponent . ....... ... e
Interaction Curve for Bending and Tension ............ ... ..o ..
Trapezoidal Stress-Strain Relationship .......... ... . . i
Ultimate and Yield Trapezoidal Intercept Stresses ..............viiiinirnnenen...
Linearized Ultimate and Yield Bending Stresses for Rectangular Section ..............
Proportional Limit as a Function of Yield Stress ........... ... .. o ...
Linearized Bending Stress Versus Allowable Stress for SA-672 A50 Material at 600°F
(B16%C) ettt et e e
Time-Dependent Load Information ........... ... i

Bolt Hole Flexibility Factor ............ . i i e
Flange Dimensions and Forces . .......... ..ot
Group 1 Flange Assembly (Identical Flange Pairs) ............. .. .. ... ... o iiin...
Group 2 Flange Assembly ... ... .. i e
Group 3 Flange Assembly ... ... . i
Horizontal Design Response Spectra Scaled to 1g Horizontal Ground Acceleration .. ....
Vertical Design Response Spectra Scaled to 1g Horizontal Ground Acceleration ........
Horizontal Design Response Spectra Scaled to 1g Horizontal Ground Acceleration ... ...
Vertical Design Response Spectra Scaled to 1g Horizontal Ground Acceleration ........
Response Spectrum Peak Broadening and Peak Amplitude ..........................
Use of Floor Spectra When Several Equipment Frequencies Are Within the Widened
Spectral Peak . ... .. i e
Coefficients for a Component of Shear for a Unit Displacement of a Nondatum Support
Vortices Shed From a Circular Cylinder ............. .. i
Some Typical Cross Sections of Bluff Bodies That Can Experience Vortex Shedding .....
Synchronization of the Vortex Shedding Frequency and the Tube Natural Frequency for a
Single, Flexibly-Mounted Circular Cylinder .............. .. .. ..
Response of a Tube Bank to Cross Flow (Ref. [115]) .......coiiuiiiinnnen...
Tube Vibration Patterns at Fluid-Elastic Instability for a Four-Tube Row (Ref. [118]) ...

xvii

309
310
310
310
316
317
318
318
318
319
319
320
321
323
324
325
326
327

329
332
333
334
335
336
337
337
338

339
343
366
367
368
369
370
373
382
383
385
386
386
395
397
399
400
411

412
416
425
426

427
430
431



N-1331-3 Tube Arrangements ... ... ...ttt et e 432

N-1331-4 Stability Diagram .. ... ... e 434
N-1343-1 Random Excitation Coefficient for Arrays in Cross Flow (Ref. [100]) ................. 437
N-1430-1 Vibration Forms for Circular Cylindrical Shells ........... ... .. ... ... . o .. 441
N-1451-1 Comparison of Fritz and Kiss Solution With Exact Solution ......................... 444
N-1470-1 Imaginary Part of Z as a Function of b /a for Selected Value of S (Ref. [146]) .......... 447
N-1722.2-1 Definition of Notation . ........ .. ... i e e e e e 449
N-L7 23,00 e e e e e e e 451
N-L7 23,02 e e e e e e 451
N-1723. -3 e 452
N-1723. -4 e 452
0-1120(e)-1 Application Point of Venting Force F .. ... .. . e 460
0-1120(e)-2 Limiting Safety Valve Arrangements and Dimensions ................ ... ... ... ..... 460
Q-1130-1 Typical Hub and Clamp ... .. i e e e e 468
Q-1130-2 Typical Clamp Lug Configurations ............c..iiiiii e 469
R-1200-1 Determination of Permissible Lowest Service Metal Temperature .................... 473
S-1600-1 Typical Centrifugal Pump Shaft Failure Locations ............. ... ... ... ... ... ... 476
S-2300-1 Steps in the Design of a Pump Shaft ....... ... ... ... 478
T-1213-1 [llustrations of Angular Dimensions — Pipe Legs, Valves, Supports, Bends ............ 482
T-1213-2 [llustrations of Linear Dimensions ............... . i 483
U-1500-1 Typical for Type A, C, E, F, and/or Some ] (NB-3400) Pumps ...............c.coun.... 488
U-1500-2 Typical for Type B and D Pumps (NCD-3400) ........ ..ttt 489
U-1500-3 Typical for Type G and H Pumps (NCD-3400) ...ttt 490
U-1500-4 Typical for Type K Pumps (NCD-3400) ... ..ottt e 491
U-1500-5 Typical for Type L Pumps (NCD-3400) . ..ot e 492
U-1500-6 Reciprocating Plunger Pump (NCD-3400) . .......ooitiii it 493
U-1500-7 Typical for Type A and C Pumps (NCD-3400) ........ ..ot 495
W-2120-1 Environmental Conditions Required for SCC ......... ... .. ... 506
Y-2300-1 Nomenclature IUStration . ..........ou it e e 552
Y-3300-1 Nomenclature Illustration . ............ . i e e 555
Y-4200-1 Weld Type Illustration ........ ..o e e e 558
Y-4300-1 Nomenclature [llustration . .......... .. . i e 558
Y-5300-1 Nomenclature Illustration . ............ i e 561
BB-3300-1 Bellows Configuration and Wrap Angle, @ ........ ..., 572
DD-1100-1 Polyethylene Material Organization Responsibilities per NCA-3970 .................. 584
EE-1120-1 Typical Engineering Tensile Stress-Strain Curve (Ref. [1]) ........... .. .. ... 586
EE-1120-2 Comparison of Engineering and True Stress-Strain Curves (Ref. [1]) ................. 587
EE-1230-1 Quasi-Static Tensile Test Results for 304/304L Base and Welded Material at 300°F

(L4900 ottt 591
EE-1230-2 Quasi-Static Tensile Test Results for 316/316L Base and Welded Material at 300°F

(L4900 ottt 592
EE-1230-3 Comparison of Base and Welded 304/304L Material to Identical Impact Tests at -20°F

(229%0) e 592
EE-1230-4 Comparison of Base and Welded 316/316L Material to Identical Impact Tests at -20°F

(72900 ot 593
HH-1120-1 Gate Valve .. 606
HH-1120-2 Globe Valve ..o 607
HH-1120-3 Swing Check Valve ... ... 609
HH-1120-4 Globe Check Valve ... ... o e 610
HH-1120-5 Diaphragm Valve .. ... ... e e 611
HH-1120-6 Plug Valve ..o e e e 612
HH-1120-7 Globe Check Valve ... ... o e 613
HH-1120-8 Butterfly Valve . ... ... e e 614
HH-1120-9 Control Valve . ... 615
HH-1120-10 Ball Valve ... e e 617
HH-1120-11 Nozzle Check Valve . ... ... . e 618

xviii



JJ-1100-1
J]-1330-1
KK-2123.2-1
KK-10120-1
MM-1200-1
MM-1520-1

TABLES

1

[-9.0
[-9.0M
[-9.1

[-9.2

[-9.5

[-9.6

[-9.7

1-9.8
[-9.8M
11-2440-1
V-1000
V-1000-1
V-1000-2
V-1000-3
V-1000-4
V-1000-5
V-1000-6
V-1000-7
V-1000-8
V-1000-9
V-1000-10
V-1000-11
V-1000-12
V-1000-13
V-1000-14
VI-1132-1

X1-3221.1-1
X1-3221.1-2
X1-3230-1
X1-3240-1
XII1-2600-1
XI11-2600-2
XI11-2600-3
XI11-3110-1
XI11-3200-1
XI11-3450-1
XIII-1-1

XIII-1-2
XVIII-1110-1
XVIII-1110-1M
XVIII-1110(a)-1
XXII-1200-1
S2-1

S2-2

$2-3

Sample Thermal Stratification Profiles .......... .. .. . i
Decomposition of Stratification Temperature Distribution Range ....................
Time-Dependent Load Information .............. .. i
Typical Graphite Core Component Design Sequence ................cciiiiiiienn..
Examples of Stress Classification Lines (SCLS) ....... ...,
Computation of Membrane and Bending Stresses by the Stress Integration Method Using

the Results From a Finite Element Model With Continuum Elements ...............

Section III Appendices Reference Table ........... ... .. ... ... . . i it
Tabulated Values of S,, ksi, From Figures 1-9.1 Through I-9.4 .....................
Tabulated Values of S,, MPa, From Figures [-9.1M Through [-94M ................
Tabulated Values of S,, ksi (MPa), From Figures 1-9.1 and I-9.1M ..................
Tabulated Values of S,, ksi (MPa), From Figures 1-9.2 and I-9.2M ..................
Tabulated Values of S, ksi (MPa), From Figures I-9.5 and I-9.5M ..................
Tabulated Values of S, ksi (MPa), for Grade 9 Titanium From Figures 1-9.6 and [-9.6M
Tabulated Values of S, ksi (MPa), From Figure [-9.7 .......... ... ... .. ... .....
Tabulated Values of S, ksi, From Figure -9.8 ......... ... .. ... ... ... . . it
Tabulated Values of S,, MPa, From Figure I-9.8M .......... ... ... ... .. ...t
Stress Intensification Increase Factor .......... ... i
Guide for Preparation of Data Report Forms ............ .. ... ... . ..
Guide for Completing Manufacturer's Data Report, Form N-1A ....................
Guide for Completing Manufacturer’s Data Report, Form N-2 ......................
Guide for Completing Manufacturer’s Data Report, Form N-2A ....................
Guide for Completing Manufacturer’s Data Report, Form N-3 ......................
Guide for Completing Manufacturer’s Data Report, Form N-5 ......................
Guide for Completing Manufacturer’s Data Report, Form N-6 ......................
Guide for Completing Manufacturer’s Data Report, Form NPV-1 ...................
Guide for Completing Manufacturer’s Data Report, Form NCS-1 ...................
Guide for Completing Manufacturer’s Data Report, Form NM-1 ....................
Guide for Completing Manufacturer’s Data Report, Form NS-1 .....................
Guide for Completing Manufacturer’s Data Report, Form C-1 ......................
Guide for Completing Manufacturer’s Data Report, Form G-1 ......................
Guide for Completing Manufacturer’s Data Report, Form G-2 ......................
Guide for Completing Manufacturer’s Data Report, Form G-4 ......................
Maximum Size of Nonrelevant Indications and Acceptable Rounded Indications — Ex-
amples Only . ... e e
Gasket Materials and Contact Facings ............. ...
Effective Gasket Width ........ ... i
Moment Arms for Flange Loads .......... ...
Flange Factors in Formula Form ........ ... .. .. .. . . i
Classification of Stresses in Vessels for Some Typical Cases .......................
Classification of Stresses in Piping, Typical Cases .............. .. .. ..
Classification of Stress Intensity in Core Support Structures for Some Typical Cases
Primary Stress Intensity Limits .......... .. ... i i
Collapse Load Factors . ..........iuii i e
Values of m, n, and T,,., for Various Classes of Permitted Materials ...............
Cross-Reference List for NB-3200 and Mandatory Appendix XIII ...................
Cross-Reference List for NG-3200 and Mandatory Appendix XIII ...................
Superheat Correction Factor, Koy ..o v it e e
Superheat Correction Factor, Koy, .. oo it it e e
Molecular Weights of Gases and Vapors . ........ ...t
Values of 4 for Junctions at the Large Cylinder fora <60deg ....................
Design Specification — Divisions 1 Through 3 and 5 ............. ... ... .. .. .....
Design Report — Divisions 1, 3, and 5 (Excluding Nonmetallic CSS) ................
Load Capacity Data Sheet or Certified Design Report Summary — Divisions 1 and 5 ..

Xix

625
627
633
649
668

670

96
111
113
114
115
135
136
137
140
143
144
155
156
162
164
166
175
185
187
188



S2-4
S2-5
S2-6

XXIV-1000
XXVI-2221-1
XXVI-2400-1
XXVI-2511-1
XXVI-2512-1
XXVI-2513-1
XXVI-2520(a)-1
XXVI-2520(a)-2
XXVI-3131-1(a)
XXVI-3131-1M(a)
XXVI-3131-1(b)
XXVI-3132-1
XXVI-3133-1
XXVI-3133-1M
XXVI-3210-1
XXVI-3210-2
XXVI-3210-3
XXVI-3210-3M
XXVI-3220-1
XXVI-3220-1M
XXVI-3221.2-1
XXVI-3223-1
XXVI-3223-2
XXVI-3311-1
XXVI-4334-1
XXVI-4334-2
XXVI-4334-3
XXVI-4521.1-1
XXVI-I-100-1
XXVI-11A-421
XXVI-1IB-421.1-1
XXVI-A-110-1
XXVI-C-100-1
XXVI-E-1

XXVI-E-1M

XXVI-E-2

XXVI-E-2M

XXVI-E-3

XXVI-E-3M

Fabrication Specification — Division 3 ....... ... .. i
Overpressure Protection Report — Divisions 1, 2, and 5
Construction Specification, Design Drawings, and Design Report — Divisions 2 and 5
(Nonmetallic CSS) ..o ii i e e e e
Standard Units for Use in Equations ............ .. .. i,
Certification Requirements for Polyethylene Compound ..........................
Allowable Flaw Depths .. ... ...
Minimum Quality Testing Requirements for Polyethylene Compound Lots
Minimum Quality Testing Requirements for Natural Compound Lots ...............
Testing Requirements for Pigment Concentrate Compound Lots ...................
Minimum Quality Testing Requirements for Polyethylene Source Material
Minimum Quality Testing Requirements for Polyethylene Material — Pipe ..........
Long-Term Allowable Stress, S, for Polyethylene, psi ................ ... ... ... . ...
Long-Term Allowable Stress, S, for Polyethylene, MPa ............................
Elevated Temperature Allowable Stress, S, for Polyethylene, psi (MPa) .............
Geometric Shape Ratings (GSR) . ... ottt e e e
Sa, Allowable Secondary Stress Limit, psi ............ . o i
S4, Allowable Secondary Stress Limit, MPa ........... .. ... . ...
Maximum Allowable Ring Deflection, Qpmax -« v vv v v e
S0il SUPPOIt Factor, Fg ..ot
Modulus of Elasticity of Polyethylene Pipe, Epipe, PSI oo ooovviii it
Modulus of Elasticity of Polyethylene Pipe, Eipe, MPa ...,
Allowable Sidewall Compression Stress, Scomp (PSI) ... ..ol
Allowable Sidewall Compression Stress, Scomp (MPa) ...l
Ovality Correction Factor, fo ... ..o e
Design and Service Level Longitudinal Stress Factor, K’ ...............ccovvoi...
Short Duration (5 min) Allowable Longitudinal Tensile Stress .....................
Stress Indices, Flexibility, and Stress Intensification Factors for PE Piping Components
Butt-Fusing Procedure Specification Variables .............. ... ... ... .. ... ....
Electrofusion Procedure Specification Variables ................. ... ... ... .....
Sidewall-Fusing Procedure Specification Variables ............... ... ... ... .....
Torque Increments for Flanged Joints ......... ... .. ... . i,
PE Standards and Specifications Referenced in Text .................cccviun....
Requirements of an Ultrasonic Examination Procedure for HDPE Techniques ........
Requirements of a Microwave Examination Procedure for HDPE Techniques ........
Fusion Standards and Specifications Referenced in Text ..........................
Seismic Strain Limits
Nominal Bolt Torque Values and Maximum Design Pressure for Schedule 40/STD Class
150 Flat Face Metallic-to-PE Flanged Joints, Bolting Material With 25 ksi Allowable
Stress
Nominal Bolt Torque Values and Maximum Design Pressure for Schedule 40/STD Class
150 Flat Face Metallic-to-PE Flanged Joints, Bolting Material With 172 MPa Allowable
Stress
Nominal Bolt Torque Values and Maximum Design Pressure for Schedule 80/XS Class
150 Flat Face Metallic-to-PE Flanged Joints, Bolting Material With 25 ksi Allowable
Stress
Nominal Bolt Torque Values and Maximum Design Pressure for Schedule 80/XS Class
150 Flat Face Metallic-to-PE Flanged Joints, Bolting Material With 172 MPa Allowable
Stress
Nominal Bolt Torque Values and Maximum Design Pressure for Schedule 40/STD Class
150 Flat Face Metallic-to-PE Flanged Joints, Bolting Material With 35 ksi Allowable
Stress
Nominal Bolt Torque Values and Maximum Design Pressure for Schedule 40/STD Class
150 Flat Face Metallic-to-PE Flanged Joints, Bolting Material With 241 MPa Allowable
Stress

XX

189
190

191
197
201
207
208
208
209
210
210
219
219
220
220
221
221
221
222
222
222
223
223
223
223
223
224
235
235
236
239
252
254
255
260
263

268

269

270

271

272

273



XXVI-E-4

XXVI-E-4M

XXVI-E-5
XXVI-E-5M
XXVI-E-6
XXVI-E-6M
A-5240-1
A-9210(d)-1
A-9521(b)-1
D-1210-1
L-3212-1
L-3240-1
N-1211(a)-1

N-1211(b)-1

N-1225.1.1(b)-1

N-1226-1
N-1230-1
N-1311-1
N-1311-2

N-1324.2(a)-1

Q-1180-1
T-1222-1
U-1600-1
U-1610-1
CC-3120-1
EE-1150-1
EE-1250-1
FF-1122-1
GG-1100-1
HH-1120-1
HH-1312-1

HH-1312-1M
KK-2400-1
KK-8200-1
KK-10300-1
LL-2112.3-1
NN-1000

Nominal Bolt Torque Values and Maximum Design Pressure for Schedule 80/XS Class
150 Flat Face Metallic-to-PE Flanged Joints, Bolting Material With 35 ksi Allowable
SETSS ottt e e

Nominal Bolt Torque Values and Maximum Design Pressure for Schedule 80/XS Class
150 Flat Face Metallic-to-PE Flanged Joints, Bolting Material With 241 MPa Allowable
SETSS ot e

Nominal Bolt Torque Values and Maximum Design Pressure for PE-to-PE Flanged Joints,
Bolting Material With 25 ksi Allowable Stress ........... .. ... ..

Nominal Bolt Torque Values and Maximum Design Pressure for PE-to-PE Flanged Joints,
Bolting Material With 172 MPa Allowable Stress ............. .. ..o ..

Nominal Bolt Torque Values and Maximum Design Pressure for PE-to-PE Flanged Joints,
Bolting Material With 35 ksi Allowable Stress .............. i s,

Nominal Bolt Torque Values and Maximum Design Pressure for PE-to-PE Flanged Joints,
Bolting Material With 241 MPa Allowable Stress ............ ... ... oot

Suggested Minimum Preheat Temperatures . .......... ... uiiiiiiiinnnenennn.
Trial Flange Thickness and Area of Bolting for Various Groups of Assemblies and Flange
{08 U/=T= () o LT
Summary of Applicable Equations for Different Groups of Assemblies and Different Ca-
tegories of Flanges ....... ..o oot e
Horizontal Design Response Spectra Relative Values of Spectrum Amplification Factors
for Control Points . ... ... .ttt e
Vertical Design Response Spectra Relative Values of Spectrum Amplification Factors for
Control PoIntS . ...
Minimum Support Load Factor ........... ... i
Suggested Frequencies, Hz, for Calculation of Ground and Floor Response Spectra
Damping Values . .. ... e
Added Mass for Lateral Acceleration of Structures in a Fluid Reservoir .............
Guidelines for Damping of Flow-Induced Vibration ..............................
Semiempirical Correlations for Predicting Resonant Vortex-Induced Vibration Ampli-
100 o -
Allowable Design Stress for Clamp Connections ................. ...,
Branch/Run Size Combinations ........... ...,
Summary of ReqUIrements . ... ........iiiii i e e
Materials for Pump Internal Items for Class 1, 2, and 3 Pumps ....................
Correlation of Service Loadings and Stress Limit Coefficients ......................
Examples of Triaxiality Factor Calculations ............. .. ... . ...
Factors for Specified Strain Rates ........... ... .. i
Permitted Material Specifications and Products ............... .. ... .. ...
Minimum Thickness for Pipe Bends .......... ... .. i
Summary of ReqUirements . .............uiiiniii i e
Allowable Stress Values, S, for Material for Internal and External Items (U.S. Customary
UNiES) ottt
Allowable Stress Values, S, for Material for Internal and External Items (SI Units) .. ..
Additional Metallic Component Requirements .............c.cuuuiiiieninnnannnn.n
Additional Core Support Structures Requirements ...............coviiiiininan...
Additional Graphite Core Component Requirements ...................cccoouu...
Applicability of Limits for Division 3 Components ................ .. coiiuinn...
Guide for Completing Form NR-10 . ... ... i e

Xxi

274

275

276

277

278

279
306
330
332
360

384

387

396

398
407
410
418
423
425

429
471
484
487
496
579
588
593
596
599
605

619
622
636
645
653
657
676



FORMS
N-1
N-1A
N-2
N-2A
N-3
N-5

N-6
NPP-1
NPV-1
NV-1
NCS-1
NF-1
NM-1
NS-1
C-1
G-1
G-2

G-4

S4-1
S4-2

5$4-3

S4-4

S4-5

S4-6
NM(PE)-2
NR-10

ENDNOTES

Certificate Holder’s Data Report for Nuclear Vessels* ........... ... ... . ...
Certificate Holder’s Data Report for Nuclear Vessels* ........... ... ... .. ...
Certificate Holder’s Data Report for Identical Nuclear Parts .............. ... ... .. .. .....
Certificate Holder’s Data Report for Identical Appurtenances ..............c.coviirieien...
Owner’s Data Report for Nuclear Power Plant Components* ............. ... ... .. .. .....
Certificate Holder's Data Report for Installation or Shop Assembly or Nuclear Power Plant
Components, Supports, and APPUItENANCES . . ... ..ottt ittt e an s
Certificate Holders’ Data Report for Storage Tanks* .......... ... ... ... ... .. ... . ... ...
Certificate Holder's Data Report for Fabricated Nuclear Piping Subassemblies ..............
Certificate Holder’s Data Report for Nuclear Pumps or Valves* ...........................
Certificate Holder’s Data Report for Pressure or Vacuum Relief Valves* ....................
Certificate Holder’s Data Report for Core Support Structures® ............ ... ..o vuien...
Certificate Holder’s Data Report for Supports® . ...... ... i
Certificate Holder’s Data Report for Tubular Products and Fittings Welded With Filler Metal* .
Certificate Holder’s Certificate of Conformance for Welded Supports* .....................
Certificate Holder’s Data Report for Concrete Reactor Vessels and Containments* ...........
GC Certificate Holder’s Data Report for Graphite Core Assemblies ........................
GC or Graphite Quality System Certificate Holder’s Data Report for Machined Graphite Core
COMPONENES .\ttt et e
GC or Graphite Quality System Certificate Holder’s or GQSC Holder’s Data Report for Installation
of Graphite Core COMPONENES . ..\t uvt ittt ettt ettt ettt e e
Design Specification (Div. 1, 2, and 5) ... ..ot
Design Report . ... e
Overpressure Protection Report (Div. 1, 2,and 5) ...ttt
Design Specification (Div. 3) ... ..ot
Fabrication Specification (Div. 3) . ... .. e
Construction Specification (Div. 2) ... .. .t
Data Report for Nonmetallic Batch-Produced Products Requiring Fusing ...................
Report For Repairs to Stamped Components . ............uiuiiiinennnnenenaannnnenn.

44
46
50
53
56

59
62
66
68
71
73
75
77
79
82
86

89

92
194
194
195
195
196
196
258
674

677



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

xxiii

(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 to pressure integrity, which govern the construction”
of boilers, pressure vessels, transport tanks, and nuclear components, and the inservice inspection of nuclear compo-
nents and transport tanks. For nuclear items other than pressure-retaining components, the Committee also establishes
rules of safety related to structural integrity. The Committee also interprets these rules when questions arise regarding
their intent. The technical consistency of the Sections of the Code and coordination of standards development activities
of the Committees is supported and guided by the Technical Oversight Management Committee. This Code does not ad-
dress other safety issues relating to the construction of boilers, pressure vessels, transport tanks, or nuclear compo-
nents, or the inservice inspection of nuclear components or transport tanks. Users of the Code should refer to the
pertinent codes, standards, laws, regulations, or other relevant documents for safety issues other than those relating
to pressure integrity and, for nuclear items other than pressure-retaining components, structural integrity. Except for
Sections XI and XII, and with a few other exceptions, the rules do not, of practical necessity, reflect the likelihood and
consequences of deterioration in service related to specific service fluids or external operating environments. In formu-
lating the rules, the Committee considers the needs of users, manufacturers, and inspectors of components addressed by
the Code. The objective of the rules is to afford reasonably certain protection of life and property, and to provide a mar-
gin for deterioration in service to give a reasonably long, safe period of usefulness. Advancements in design and materi-
als 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

" 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.

XXiv



neither requires nor prohibits the use of computers for the design or analysis of components constructed to the require-
ments of the Code. However, designers and engineers using computer programs for design or analysis are cautioned that
they are responsible for all technical assumptions inherent in the programs they use and the application of these pro-
grams 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.asme.org/InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic e-mail con-
firming receipt.

(c) ASME does not act as a consultant for specific engineering problems or for the general application 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.



INTRODUCTION

Section Il appendices are referred to as either Section III Appendices or Subsection Appendices. These appendices are
further designated as either mandatory or nonmandatory for use. Mandatory Appendices are referred to in the Section
III rules and contain requirements that must be followed in construction. Nonmandatory Appendices provide additional
information or guidance when using Section III.

Section III Appendices are contained in this book. These appendices have the potential for multiple subsection applic-
ability. Mandatory Appendices are designated by a Roman numeral followed, when appropriate, by Arabic numerals to
indicate the various articles, subarticles, and paragraphs of the appendix, such as 1I-1500 or XIII-2131. Nonmandatory
Appendices are designated by a capital letter followed, when appropriate, by Arabic numerals to indicate various
articles, subarticles, and paragraphs of the appendix, such as D-1200 or Y-2410.

Subsection Appendices are specifically applicable to one subsection and are contained within that subsection.
Subsection-specific Mandatory and Nonmandatory Appendices are numbered in the same manner as Section III Appen-
dices but with a subsection identifier (e.g., NF, D2, HBB, etc.) preceding either the Roman numeral or the capital letter for
a unique designation. For example, NF-1I-1100 or NF-A-1200 would be a part of Subsection NF Mandatory Appendix
NF-II or Nonmandatory Appendix NF-A, respectively. For Subsection CC, D2-1V-1120 or D2-D-1330 would be a part
of Subsection CC Mandatory Appendix D2-IV or Nonmandatory Appendix D2-D, respectively.

A Reference Table (Table 1) has been developed for Section Il Appendices to provide additional guidance on appendix
usage for the Code user. This Reference Table, reflecting down to a Subsection level, does not take precedence over Code
rules or statements of applicability in either Section III Appendices or in the invoking Divisions and Subsections of Sec-
tion III.
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Table 1
Section 11l Appendices Reference Table

Div. Div. Division 5
1&2 Division 1 2 Division 3 Subsections
Sub. Subsections Sub. Subsections HA HB HC HF HG HH
Sub- | Sub- | Sub- | Sub- | Sub- | Sub- | Sub- | Sub- | Sub- | Sub- | Sub-
Appendix part | part | part | part | part | part | part | part | part | part | part
Identifier | NCA| NB | NCD [ NE [ NF [NG | CC | WA |WB|WC|WD| A B A |B(1)] A [B(1)|] A A |B(1)| A B
MANDATORY APPENDICES
[ X X X X X X X (3) (3) (3) (3) X
11 X X X X X X X X (3) X (3) (3) (3) X
111 X X X X X X (3) (3) (3) (3)
v X (3) (3 B3 {3
v X1 @13 @A |@))] X X (2) X B1E@ B3] @A]IBB[@A W] ®
VI X X X X X X X X (3) (5) (3) (3) (3)
VII Not in use
VIII Not in use
IX Not in use
X Not in use
X1 X X X X (3) (3) (3) (3)
X (3) (3) R NE)
X1 X X X X (3) (3) (3) (3)
XV Not in use
XV Not in use
XVI Not in use
XVII Not in use
XVIII X X X (3) (3) (3) (3)
XIX X (3) (3) B[ 3
XX Not in use
XXI X l@|le |leole|le]| @ @) Al lele|e]|e
XXII (8) (3) (3) [ERNE)
XXII X | X X L IGEIUANGE RS IORMOROINY) X BB ]B3] @1 [@A W] ®
XXIV X 166 (6) (3) (3) B[ B
XXV
XXVI (8)
XXVII X X X X X X X (3) X (3) X (3) (3) X
NONMANDATORY APPENDICES
A X X X X X X (3) X (3) (3) (3) X
B X1 @@ | @0[@A]@a] @
c X120 1@a@al@] @ X @1 X 1B31@adR 1@ ]3]0 ]l@&a[MWwW] %W
D X X X X X X X X (3) (5) (3) (3) (3)
E X X Bl X103 B3| B
F X
G X X (9) X X X | (2) X X X (2) (3) X (3) (2) (3) (3) X
H Not in use
| Not in use
] Not in use
K Not in use
L X (3) (3) (ORI NE)
M (3) (3) B[ B
N (3) (3) [ERNE)
0 (3) (3 B3
P (3) (3) R NE)
Q (3) (3) R NE)
R (10) | X X (3) (3) B[ B
S X X (3) (3) (R NE)
T X (3) (3 B3
U (3) (3) R NE)
\ Not in use
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Table 1
Section 11l Appendices Reference Table (Cont'd)

Div. Div. Division 5
1&2 Division 1 2 Division 3 Subsections
Sub. Subsections Sub. Subsections HA HB HC HF HG HH
Sub- | Sub- | Sub- | Sub- | Sub- | Sub- | Sub- | Sub- | Sub- | Sub- | Sub-
Appendix part | part | part | part | part | part | part | part | part | part | part
Identifier | NCA| NB | NCD [ NE [ NF [ NG| CC | WA |WB|WC|WD| A B A |B(1)] A [B(1)] A A |B(1)| A B
w X1 @]1@ |@/a{@] @ X A1 X163 @a]1R]63 13
X Not in use
Y X X (3 (3) 3| 3
Z (3) (3 B) [ 3
AA X122 |@&(@a]@A)] @) (2) X B 130168 &Al3[6B 13| W@
BB X (3) (3 B3
cc X (2) (2) (3 (3) 3 | 3
DD X (11) (2) (3) (3 B3
EE
FF X X
GG X X BB ]106B]O3
HH B 163163
I X 313
KK X [(6)[(6)](6)
LL X X UEEUERUERVERVERUERGERORNC)]

GENERAL NOTE: This reference table is not intended to provide specific Code requirements. It provides general guidance only. Mandatory
and Nonmandatory Appendices marked with an “X” in the table are specifically referred to in the identified Subsection rules. Section III
Mandatory Appendices are not to be interpreted as being a requirement for all Section III Subsections. However, certain Mandatory or Non-
mandatory Section III Appendices may be appropriate for use in other subsections as long as the respective subsection rules are satisfied.
Sub. = Subsection; Div. = Division.

NOTES:

1

)

(3
4)
(5)
(6)
(7
(8)
9

Subpart B for Subsections HB, HC, and HG contain provisions for the use of all or portions of the rules in Division 1, Subsections NB,
NCD, and NG, respectively, if creep effects are negligible. In those circumstances, the reference to the Appendices is governed by the
reference defined for those respective subsections of Division 1.

The Appendix reference determined by Subsection NCA (or, for Division 5, via Subsection HA, Subpart A referencing Subsection NCA)
shall apply.

The Appendix reference determined by the referenced Division 1 Subsection shall apply.

The Appendix reference determined by Subsection HA, Subpart B shall apply.

The Appendix reference determined by Subsection NB shall apply.

The Appendix reference determined by Subsection WA shall apply.

The Appendix reference determined by Subsection HA, Subpart A shall apply.

Class 3 only.

Class 2 with Note [2], and Class 3 with Note [2].

(10) Class 2 only.
(11) Class 3 with Note [2].
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ORGANIZATION OF SECTION I

1 GENERAL

Section III consists of Division 1, Division 2, Division 3, Division 4, and Division 5. These Divisions are broken down

into Subsections and are designated by capital letters preceded by the letter “N” for Division 1, by the letter “C” for Divi-
sion 2, by the letter “W” for Division 3, by the letter "F" for Division 4, and by the letter “H” for Division 5. Each Subsec-
tion is published separately, with the exception of those listed for Divisions 2, 3, 4, and 5.

Subsection NCA — General Requirements for Division 1 and Division 2
Appendices
Division 1
- Subsection NB — Class 1 Components
Subsection NCD — Class 2 and Class 3 Components
Subsection NE — Class MC Components
Subsection NF — Supports
- Subsection NG — Core Support Structures
Division 2 — Code for Concrete Containments
- Subsection CC — Concrete Containments
Division 3 — Containment Systems for Transportation and Storage of Spent Nuclear Fuel and High-Level Radioactive
Material
- Subsection WA — General Requirements for Division 3
- Subsection WB — Class TC Transportation Containments
- Subsection WC — Class SC Storage Containments
- Subsection WD — Class ISS Internal Support Structures
Division 4 — Fusion Energy Devices
- Subsection FA — Fusion Energy Device Facilities
- Subsection FB — Pressure Boundary Components
Division 5 — High Temperature Reactors
- Subsection HA — General Requirements
Subpart A — Metallic Materials
Subpart B — Graphite Materials
Subpart C — Composite Materials
- Subsection HB — Class A Metallic Pressure Boundary Components
Subpart A — Low Temperature Service
Subpart B — Elevated Temperature Service
- Subsection HC — Class B Metallic Pressure Boundary Components
Subpart A — Low Temperature Service
Subpart B — Elevated Temperature Service
- Subsection HF — Class A and B Metallic Supports
Subpart A — Low Temperature Service
- Subsection HG — Class SM Metallic Core Support Structures
Subpart A — Low Temperature Service
Subpart B — Elevated Temperature Service
- Subsection HH — Class SN Nonmetallic Core Components
Subpart A — Graphite Materials
Subpart B — Composite Materials

2 SUBSECTIONS

Subsections are divided into Articles, subarticles, paragraphs, and, where necessary, subparagraphs and

subsubparagraphs.
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3 ARTICLES

Articles are designated by the applicable letters indicated above for the Subsections followed by Arabic numbers, such
as NB-1000. Where possible, Articles dealing with the same topics are given the same number in each Subsection, except
NCA, in accordance with the following general scheme:

Article Number Title
1000 Introduction or Scope
2000 Material
3000 Design
4000 Fabrication and Installation
5000 Examination
6000 Testing
7000 Overpressure Protection
8000 Nameplates, Stamping With Certification Mark, and Reports

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

4 SUBARTICLES

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

5 SUBSUBARTICLES

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

6 PARAGRAPHS

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

7 SUBPARAGRAPHS

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

8 SUBSUBPARAGRAPHS

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

9 REFERENCES

References used within Section III generally fall into one of the following four categories:

(a) References to Other Portions of Section IIl. When a reference is made to another Article, subarticle, or paragraph, all
numbers subsidiary to that reference shall be included. For example, reference to Article NB-3000 includes all material
in Article NB-3000; reference to NB-3100 includes all material in subarticle NB-3100; reference to NB-3110 includes all
paragraphs, NB-3111 through NB-3113.

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

(1) Section II, Materials. When a requirement for a material, or for the examination or testing of a material, is to be in
accordance with a specification such as SA-105, SA-370, or SB-160, the reference is to material specifications in Section
II. These references begin with the letter “S.”



(2) Section V, Nondestructive Examination. Section V references begin with the letter “T” and relate to the nondes-
tructive examination of material or welds.

(3) Section IX, Welding and Brazing Qualifications. Section IX references begin with the letter “Q” and relate to weld-
ing and brazing requirements.

(4) Section XI, Rules for Inservice Inspection of Nuclear Power Plant Components. When a reference is made to inser-
vice inspection, the rules of Section XI shall apply.

(c) Reference to Specifications and Standards Other Than Published in Code Sections

(1) Specifications for examination methods and acceptance standards to be used in connection with them are pub-
lished by the American Society for Testing and Materials (ASTM). At the time of publication of Section III, some such
specifications were not included in Section II of this Code. A reference to ASTM E94 refers to the specification so desig-
nated by and published by ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

(2) Dimensional standards covering products such as valves, flanges, and fittings are sponsored and published by
The American Society of Mechanical Engineers and approved by the American National Standards Institute.” When a
product is to conform to such a standard, for example ASME B16.5, the standard is approved by the American National
Standards Institute. The applicable year of issue is that suffixed to its numerical designation in Table NCA-7100-1, for
example ASME B16.5-2003. Standards published by The American Society of Mechanical Engineers are available from
ASME (https://www.asme.org/).

(3) Dimensional and other types of standards covering products such as valves, flanges, and fittings are also pub-
lished by the Manufacturers Standardization Society of the Valve and Fittings Industry and are known as Standard Prac-
tices. When a product is required by these rules to conform to a Standard Practice, for example MSS SP-100, the Standard
Practice referred to is published by the Manufacturers Standardization Society of the Valve and Fittings Industry, Inc.
(MSS), 127 Park Street, NE, Vienna, VA 22180. The applicable year of issue of such a Standard Practice is that suffixed
to its numerical designation in Table NCA-7100-1, for example MSS SP-58-2009.

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

(5) Standards applicable to the design and construction of tanks and flanges are published by the American Petro-
leum Institute and have designations such as API-605. When documents so designated are referred to in Section III, for
example API-605-1988, they are standards published by the American Petroleum Institute and are listed in Table NCA-
7100-1.

(d) References to Appendices. Section I1I uses two types of appendices that are designated as either Section III Appen-
dices or Subsection Appendices. Either of these appendices is further designated as either Mandatory or Nonmandatory
for use. Mandatory Appendices are referred to in the Section III rules and contain requirements that must be followed in
construction. Nonmandatory Appendices provide additional information or guidance when using Section III.

(1) Section III Appendices are contained in a separate book titled “Appendices.” These appendices have the potential
for multiple subsection applicability. Mandatory Appendices are designated by a Roman numeral followed, when appro-
priate, by Arabic numerals to indicate various articles, subarticles, and paragraphs of the appendix, such as II-1500 or
XI1I-1210. Nonmandatory Appendices are designated by a capital letter followed, when appropriate, by Arabic numerals
to indicate various articles, subarticles, and paragraphs of the appendix, such as D-1200 or Y-1440.

(2) Subsection Appendices are specifically applicable to just one subsection and are contained within that subsec-
tion. Subsection-specific mandatory and nonmandatory appendices are numbered in the same manner as Section 111 Ap-
pendices, but with a subsection identifier (e.g., NF, NH, D2, etc.) preceding either the Roman numeral or the capital letter
for a unique designation. For example, NF-1I-1100 or NF-A-1200 would be part of a Subsection NF mandatory or non-
mandatory appendix, respectively. For Subsection CC, D2-1V-1120 or D2-D-1330 would be part of a Subsection CC man-
datory or nonmandatory appendix, respectively.

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

" The American National Standards Institute (ANSI) was formerly known as the American Standards Association. Standards approved by the
Association were designated by the prefix “ASA” followed by the number of the standard and the year of publication. More recently, the Amer-
ican National Standards Institute was known as the United States of America Standards Institute. Standards were designated by the prefix
“USAS” followed by the number of the standard and the year of publication. While the letters of the prefix have changed with the name of
the organization, the numbers of the standards have remained unchanged.
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SUMMARY OF CHANGES

Changes listed below are identified on the pages by a margin note, (23), placed next to the affected area. In addition,
gender pronouns have been eliminated throughout Section III Appendices.

Page

xxiii

xxvii

xlix

li
liv

Ixi

40

95

95

103
122
125
127
131

133
134
134
137
139
139
140
139
139
142
143
142

Location

List of Sections

Personnel

Correspondence With the
Committee

Introduction
Organization of Section III

Cross-Referencing in the
ASME BPVC

Mandatory Appendix V

VI-1122

VI-1134

XI-1110

XII-1100
XII1-1300

Figure XIII-1300-1
XII1-2100

XI11-2400
XII1-2500
XI11-2600
Table XIII-2600-3
Article XIII-3000
XII11-3100
Table XI11-3110-1
XII1-3120
XI11-3130
XI11-3150
Table XI11-3200-1
XI11-3300

Change

(1) Under Section III, Division 4 added

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

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

Updated

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

In Table 1, Note (1) revised
In para. 1, Division 4 added
Updated

(1) All forms revised
(2) New tables added

Revised

Revised

Subparagraph (a) revised

Last line revised

Subparagraphs (h) and (m) revised
Legend revised

(1) In subpara. (a), first sentence revised
(2) In subpara. (d), last sentence added

Revised

In equation and nomenclature, S, corrected by errata to S,
In subpara. (a), cross-references updated
Added

Title revised

In subpara. (b), last sentence added
Revised

Paragraph following subpara. (b) revised
Last paragraph revised

Added

Revised

Last sentence added
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Page
143
143
144
144
144

145
146
147
152
155

158
174
174
175
178
179
180
201
203
205

205
206

206
206

207
207
208
208
209

210

Location
XII1-3420
XII1-3430
XII1-3440
XII1-3450
XII1-3500

XIII-3510
XIII-3520
XI1I-3600
Article XIII-5000
Supplement XIII-1

Supplement XIII-I1
XXII-1100
XXII-1200
XXII-1300
XXIII-1100
XXIII-1223
XXIII-1310
Table XXVI-2221-1
XXVI-2234
XXVI-2238

XXVI-2239
XXVI-2310

XXVI-2320
XXVI-2330

XXVI-2400
Table XXVI-2400-1
Table XXVI-2511-1
Table XXVI-2512-1
XXVI-2520

Table XXVI-2520(a)-1

Change
Fourth sentence revised
In Nomenclature, definition of z’ revised
In subpara. (a), second sentence revised
In subpara. (b), S, corrected by errata to S,

(1) In subpara. (a), first sentence revised
(2) Subparagraph (b) revised

Revised

In first paragraph, third sentence revised
First paragraph revised

Added

(1) In XIII-1-100, first line revised
(2) Title of XIII-1-200 revised
(3) In Table XIII-I-1, first entry under last column revised

Added

In subpara. (c), cross-reference updated

In definitions of T, T,, and T, cross-references updated
In Step 8, last cross-reference updated

Subparagraphs (e)(1), (e)(1)(-b), and (e)(2) revised
Revised

Revised

Revised

Subparagraph (b) revised

Subparagraph (e) added and subsequent subparagraph
redesignated

Added

(1) Subparagraphs (e) and (f) revised
(2) Subparagraph (g) added and subsequent subparagraph
redesignated

XXVI-2322 added and former XXVI-2322 redesignated as XXVI-2323

(1) XXVI-2331(c) and XXVI-2331(d) added
(2) XXVI-2332 added and former XXVI-2332 redesignated as
XXVI-2333

Revised in its entirety

Added

For No. 3, entry under “Test” revised
For No. 3, entry under “Test” revised

Subparagraph (b)(13) added and subsequent subparagraphs
redesignated

(1) For No. 3, entry under “Test” revised
(2) Note (4) added
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211

214

216
224

228
230
229
230
230
231
231

231
234
235
235
236
236
236
237
237
237
239
240
240
241
242
242
243
243
245
246
252

Location

XXVI-2530

XXVI-3132

XXVI-3135
Table XXVI-3311-1

XXVI-4110

Figure XXVI-4110-3
XXVI-4130
XXVI-4131
XXVI-4131.3
XXVI-4240
XXVI-4312

XXVI-4321
XXVI-4334

Table XXVI-4334-1
Table XXVI-4334-2
Table XXVI-4334-3
XXVI1-4342
XXVI1-4412
XXVI-4424
XXVI-4440
XXVI-4451
XXVI-4700
XXVI-5113
XXVI-5114
XXVI-5200

Figure XXVI-5220-1
Figure XXVI-5220-2
Figure XXVI-5220-3
XXVI-5330
XXVI-5421
XXVI-6115

Table XXVI-1-100-1

Change

Subparagraph (b)(13) added and subsequent subparagraphs
redesignated

(1) Subparagraphs (a) and (c) revised
(2) Subparagraph (f) added

Revised

(1) For “Electrofusion saddle fitting,” entries for B1 and B2 revised

(2) Below “Electrofusion saddle fitting,” new entry “Sidewall fusion
branch connection” added

(3) In General Note (a), nomenclature revised

(4) Note (7) added

Revised

Added

Revised

First paragraph revised
Revised

Revised

(1) Subparagraphs (a)(1) and (b)(2) revised
(2) Subparagraph (a)(3) added

Subparagraph (c) revised

Revised

Title revised

Description of “Saddle clamp” revised
Added

Revised

Revised

Added

Subparagraph (a) revised
Subparagraph (b) revised

Revised

Subparagraph (a) revised

Revised

XXVI-5210(b) and XXVI-5220 revised
Title revised

Revised

Added

Subparagraphs (a) and (b)(2) revised
Subparagraph (b)(3) added

Revised

Entry for ASTM F905 added

lix



Page
253

253
255
257
258
259

263
264
264
267
287

342
348
353
354
356
358
371
373
376
389
465
644
674

Location
XXVI-I1A-421.1
XXVI-11A-422
XXVI-11A-431.1
XXVI-1IB-410
XXVI-1IB-471.1
Form NM(PE)-2
Supplement XXVI-A

XXVI-D-100
XXVI-D-230
XXVI-D-300
Supplement XXVI-F

Mandatory Appendix

XXVIII
B-2123.1
B-5220
B-9123
B-9140
C-1131
C-1340
G-2223
Figure G-2223-1
L-1100
L-3244
Q-1110
KK-8123
Form NR-10

Change

Endnote 6 added and subsequent endnotes renumbered

Endnote 6 added

In subpara. (b), last sentence revised

Revised

Revised

Information under “Certificate of Inspection” revised

(1) Title revised

(2) XXVI-A-100(c) revised and XXVI-A-100(d) added
(3) XXVI-A-210(a) and XXVI-A-210(b) revised

(4) XXVI-A-230(b) and XXVI-A-230(d)(5) revised
(5) XXVI-A-300(b) and XXVI-A-400 revised

Subparagraph (d) added
Subparagraph (a) revised
Subparagraph (b) revised
Added

Added

In subpara. (), first cross-reference updated
In last sentence, cross-references updated
Cross-reference updated

Revised

Second sentence revised

In last line, cross-reference updated
Revised in its entirety

Added

Last line revised

In eq. (42), B, corrected by errata to B;
In subpara. (a), penultimate line revised
In last line, cross-reference updated

Information under “Certificate of Inspection” revised



CROSS-REFERENCING IN THE ASME BPVC (23

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

(a) Hierarchy of Subparagraph Breakdowns

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

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

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

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

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

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

Ixi





